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Abstract

This article presents theory and evidence regarding the organization of financial
exchange markets. It derives conditions under which (1) a member-owned exchange has
a monopoly over the trade of a particular financial contract and its close substitutes, and
(2) exchange members earn economic rents. Given these conditions, low cost suppliers of
financial services form an exchange that is large enough to deter entry by competing
exchanges but which is smaller than optimal. However, exchanges trading differentiated
products may not merge to exploit all scope economies. Furthermore, exchanges that
offer a variety of products may allow some members to trade only a subset of these
products in order to preserve member rents. The evidence regarding exchange market
shares, rents, and membership policies is broadly consistent with these predic-
tions. © 1999 Elsevier Science B.V. All rights reserved.

JEL classification: G10; G20; L11; L12; L31
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1. Introduction

A vast literature analyzes the prices determined on financial exchanges, but
far less attention has been paid to the economics of exchanges themselves. This is
unfortunate because exchanges such as the New York Stock Exchange and the
Chicago Board of Trade are distinctive organizations that wield great influence
over the financial transactions that determine the allocation of risk and capital.
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A better understanding of the functioning of securities and derivatives markets
requires a more complete knowledge of the operation of the exchanges on which
a large fraction of financial transactions take place.

To further this understanding, this article presents a theory of the organiza-
tion of financial exchange markets and some empirical evidence bearing on the
predictions of this theory. It derives implications from the feature that distin-
guishes financial exchanges from the traditional firms that economists typically
analyze; the fact that traditional financial exchanges are non-profit cooperative
membership organizations that provide semi-private goods to their members,
who in turn supply trading services to those who desire to trade financial assets.
These semi-private goods include the operation of trading facilities and the
enforcement of rules and procedures that reduce default and measurement costs
(Pirrong, 1995a).

Although the reduction of transactions costs provides the impetus for the
formation of exchanges, strategic considerations influence their organization
and operation. Formal models generate several results about equilibrium mar-
ket structure. First, if the operation of an exchange requires the payment of fixed
costs and (identical) noise traders can choose where to trade after observing
their demands, in equilibrium all trading in a particular product concentrates on
a single exchange. Second, in equilibrium suppliers of trading services restrict
strategically the number of members permitted to join an exchange to reduce
competition. This generates economic rents for the members.! Under plausible
conditions, exchanges have enough members to make it unprofitable for
competing exchanges to form, but fewer members than is socially optimal.
Third, multiple exchanges trading differentiated products may survive even
if there are economies of scope. This occurs if the correlations between
order flows and prices for these products is low. In this case, member-
intermediaries face increased competition when exchanges listing differentiated
products merge trading rights. This implies that exchanges sometimes limit
inefficiently either the variety of products they trade or the trading rights of their
members.

The article presents empirical evidence that supports the model’s predictions.
Exchanges strictly limit membership. In addition, futures exchanges often limit
the trading rights of members to subsets of the products traded on them.
Moreover, trading of particular financial instruments exhibits strong natural
monopoly characteristics; exchange market shares of the trade of major finan-
cial instruments are extremely high, and typically equal 100% for futures and
futures options contracts. Perhaps most important, members of financial ex-
changes earn substantial economic rents. The ratios of the value of claims

! Identical results hold even if noise traders are ‘locked into’ an exchange prior to observing their
demands. Proof available from the author on request.
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against financial exchanges (as measured by the value of membership — ‘seat’
— prices) to the value of the tangible assets of exchanges are very large (especially
when compared to ¢’s observed for manufacturing firms), sometimes exceeding
5 for extended periods. Indeed, these ratios actually understate the rents that
members earn due to limitations on exchange membership. These figures are
consistent with the theoretical prediction that exchange members earn rents on
the right to trade on an exchange; this right is artificially scarce as a result of the
exchange’s limit on the number of members.

The empirical and theoretical analyses have normative implications. Most
important, financial exchanges worldwide are subject to extensive legal and
regulatory restrictions. Numerous economists have argued that these regula-
tions are largely unnecessary because exchanges have incentives to adopt
efficient rules and practices without external prodding because competition
between exchanges or the mere threat of competition between exchanges forces
them to do so.> The theory and evidence presented herein cast doubt on these
arguments. The theory suggests that there are strong reasons to believe a priori
that direct competition between exchanges will be limited, if it exists at all. The
empirical results provide strong evidence of rents persistently accruing to
exchange members and virtually no evidence of direct competition between
exchanges in particular financial instruments. Therefore, any presumption that
self-regulation necessarily dominates external regulation is no more defensible
than a presumption that external regulation is superior. Pirrong (1999) demon-
strates that when exchanges are not perfect competitors, they may adopt
inefficient rules that benefit members at the expense of customers and third
parties. Thus, recognizing the inefficiencies inherent in external regulation, the
determination of whether external regulation or self-regulation is superior in
a specific instance requires a detailed, fact-intensive analysis of the particulars.

Recent developments in financial markets illustrate the practical relevance of
this article. There have been announcements of major exchange mergers be-
tween US securities markets and between European derivatives exchanges.
Moreover, other consolidations or alliances of exchanges are under active
consideration, and anti-trust authorities in the US are taking interest in com-
petitive issues involving exchanges. The theory presented herein has predictions
concerning when consolidation is likely to take place, the form merger is likely
to take, and the effects of merger on competition in financial markets.

The remainder of this article is organized as follows. Section 2 presents
a theoretical analysis of exchange organization which derives conditions under
which (1) an exchange has monopoly of the trade of a particular financial
instrument, and (2) exchanges inefficiently limit membership size to generate

2See Easterbrook (1986), Fischel and Grossman (1984), Edwards and Edwards (1989), and
Mulherin et al. (1991). Pirrong (1995b) and Pirrong (1999) present a contrary view.
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economic rents for members. Section 3 demonstrates that product differenti-
ation permits the survival of multiple, inefficiently small exchanges. Sections 4-6
present empirical evidence on exchange market shares in the trading of specific
instruments, the rents earned by exchange members, and exchange membership
policies, respectively. Section 7 summarizes the work.

2. The equilibrium number and size of financial exchanges
2.1. Introduction

This section presents a formal model of the formation of financial exchanges.
The objective of the analysis is to determine the number of exchanges that exist
in equilibrium, their size, and the profits their members earn.?

In this model, investors desire to trade a particular asset or financial contract
for risk shifting or speculative reasons. In order to focus on the crucial aspects of
the analysis, there is no informed trading. There is a population of noise traders
who trade due to exogenous hedging or endowment shocks. The quantity
demanded by noise traders is inelastic with respect to execution price P. I make
the conventional assumption that the net noise trading demand z ~ N(O, S). The
traded asset is risky. Its value v ~ N(0, ¢?). Value is revealed after trading takes
place. Moreover, z and v are independent.

There is a continuum of length M of risk averse traders who can absorb net
noise trader order imbalances. I will refer to these traders as ‘intermediaries’.
Each intermediary has a constant risk aversion coefficient. For a trader located
at point i e [0, M], this risk aversion coefficient is ;. Moreover, for j > i, o; > o,
with strict inequality for some i and j. Thus, the supply of risk bearing services in
this market is upward sloping.

3Brown and Zhang (1997) present a model in which intermediaries can choose to join an
exchange or trade off-exchange. Membership of an exchange is costly, but members can observe
order flow whereas non-members cannot. The trade-off between these costs and benefits of member-
ship determines how many intermediaries join exchanges in their model. Their model posits an
exogenously given cost of membership and interprets the exchange seat price as this cost. This is
incorrect because the seat price endogenously capitalizes rents to membership rather than providing
a measure of the true cost of belonging to an exchange; such costs properly would include the fees
required to pay for exchange infrastructure, trading processing and clearing fees, etc. Put differently,
in reality seat prices and the number of exchange members are simultaneously determined, rather
than sequentially as in Brown-Zhang. Saloner (1985) presents a non-cooperative model of exchange
formation. This model predicts that many exchanges may survive and that entry of multiple
exchanges may dissipate trader rents. In Saloner’s model the sum of the number of members on all
exchanges combined is constant regardless of the number of exchanges that operate. His model also
relies on some counterfactual assumptions concerning loss sharing among exchange members.
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Trading must take place on an organized exchange. Spatial and temporal
concentration of trade on an exchange reduces search costs incurred to find
counterparties. The exchange provides a trading infrastructure (e.g., an ex-
change floor or computerized trading system) and enforces trading rules and
adjudicates disputes between traders. These activities are subject to economies
of scale. Formally, creation of an exchange requires payment of a fixed cost ¢.*

Groups of risk averse intermediaries can cooperate to form an exchange.
These intermediaries supply liquidity. In the formal model, they are the only
liquidity suppliers.> An exchange must form prior to the realization of noise
trader order flow z. For example, some coalition of intermediaries K < [0, M|
can form an exchange. If they do so, the exchange members split the fixed cost
proportionally to their trading volume. This would be consistent with an
exchange charging per trade fees to cover fixed costs. Call a; the fixed cost
assessment of intermediary j.°

Any set of coalitions/exchanges can form. An equilibrium consists of an
allocation of intermediaries to a collection of coalitions. Specifically, exchange
i is a set of intermediaries S; = M. An allocation is given by a collection {S;}\ {,
where N is the total number of exchanges, $;NS; = O for all i #j,i,j < N, and
U 1S; = M. Define VS, {S)}r-) as the expected risk-adjusted profit net of
fixed cost assessment of intermediary j who belongs to exchange i, where {S),},«;
is the collection of the other coalitions that form in this allocation.

An equilibrium collection of exchanges {S;} must satisfy the following condi-
tions:

L. VS {Su}nzs) = 0for all je U S
2. If ke UM .S; then je UM ,S; forallj < k.

“Fixed costs for an exchange can be appreciable. For example, the new trading floor for the
Chicago Board of Trade cost $180 million. Although this cost is amortized over many years, it
represents a substantial fixed cost each year. In addition, costs for communications, data processing,
rule enforcement, are not volume sensitive. As an example, costs on the CBOE fell 1.3% between
1987 and 1988; trading volume fell 27% over the same period.

5 In actual markets limit order traders can also supply liquidity. Exchange members, e.g., locals’
on a futures exchange, have advantages in supplying liquidity. In particular, limit order traders
cannot withdraw or revise bids and offers as rapidly as floor traders. As a result, they extend
longer-term free options to exchange customers than do locals. Since this option is costly to grant,
limit order traders incur higher costs to supply liquidity. Similarly, floor traders can condition
bids and offers on order flow information that is unobservable to limit order traders. In the formal
model the cost advantages that these factors confer to floor traders is effectively infinite. See Brown
and Zhang for a model in which floor traders still earn rents despite the existence of limit order
traders.

© The main results of the article go through under alternative assumptions about the division of
fixed costs. In particular, no major results change if an exchange apportions fixed costs equally
among its members.
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3. For all kes,,
VidSi> {Sufnzi) = Vi(SiUSy, {Shjn=i)
and for all fe€.S,
ViSi, {Subn=1) = ViASIUSe (Sitn+i)

for any i, | < N.
4. For each i < N there is no §; = §; and no {S,,} with US,, = M —S; such
that:

Vk(S;’ {Sm}) > Vk(Sia {Sh}h¢i)
for all kesS; and
Vg(sw {Si_y {Sm}m;&y}) 2 O

for all geS, and all S, € {S,,}n+,
5. There exists no S, = M — \U- ;S; such that

Ve(Szp {Sl}iv: 1) = 0

for all e€sS,.

Each condition is straightforward and intuitive. Condition 1 requires all
intermediaries who belong to exchanges to earn non-negative profits in equilib-
rium. Condition 2 reflects the transferability of exchange memberships. If k > j
belongs to an exchange and j does not, k and j can find a mutually beneficial
price at which to transfer the membership, so it cannot be an equilibrium for k to
belong to an exchange while j does not. Condition 3 states that in equilibrium,
merger of two exchanges cannot raise the profits of all members of the merging
exchanges. Condition 4 means that in equilibrium no subset of members can
increase profits by splitting off and forming their own exchange, assuming that
the remaining intermediaries form exchanges in which each member earns
a non-negative profit.” Condition 5 is a no-profitable-entry requirement. It
means that no set of intermediaries outside the equilibrium set of exchanges can
profitably form an exchange assuming the exchanges in the equilibrium set
remain in existence.

Once exchanges form, trading takes place in a batch auction. Noise traders
submit orders to the market. Intermedaries on each exchange observe the net
order flow directed to their exchange. Intermediaries can condition their trades
on price. Thus, equilibrium is of the rational expectations type.

71t may be the case that there is no set of exchanges which allow all of the remaining
intermediaries to earn a non-negative profit. In this case, S; is a monopoly.
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The following subsections investigate competition between exchanges and
member profits under the assumption that noise traders can choose where to
trade where it is cheapest after observing prices and their own demands.
Virtually identical results hold under the diametrically opposed assumption that
traders must select their exchange prior to observing demand and prices; the
formal proof is omitted for purposes of brevity and is available from the author.
Thus, the results are robust to major changes in how noise traders and
exchanges are matched.

2.2. Equilibrium exchange market structure

This section analyzes equilibrium exchange market structure when noise
traders can choose where to trade after observing their demands. In equilibrium,
it is clear that prices must be equal across all open exchanges; otherwise noise
traders would shift to the low-priced market.®

Given this assumption, it is straightforward to characterize the equilibrium
pricing function given the number of exchanges that exist and the characteristics
of the intermediaries who belong to exchanges. Without loss of generality,
assume that [>1 exchanges have formed, and that intermediaries
jel[0, L], L < M belong to exchanges. Given the assumptions of constant risk
aversion coefficients and normally distributed noise trader order flow and asset
value, intermediary j chooses a position y; to maximize his risk-adjusted profits:

I = — y;P — 0.50,0°y; (1)
where P is the market price observed by the trader. This implies
yj= —t;P/o* 2

where t; = 1/u; is the risk tolerance of trader j.

Since there is perfect competition between intermediaries and complete link-
age of markets, a single market clearing condition holds. Specifically, if noise
trader net order flow equals z, market clearing implies

2 Ly dj T(L
O=z+j yjdj:z—PJ“?:z—P (L) 3)
g

0 o0

In this expression, T(L) = jé t; djis the total risk tolerance of active intermedia-
ries. Therefore,

P = z6*/T(L), 4)
Py;= — tjzzaz/Tz(L) (5)

8 Identical results hold under the assumption that there is costless intermarket arbitrage by
infinitely risk averse arbitrageurs. Although the assumption of costless arbitrage in a batch auction
market is implausible if taken literally, it may represent a good description of trading in multiple
markets linked by near real time communications and arbitrage.
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and
v = t;2*/T*(L). (6)

Substituting these expressions into (1) implies that market maker j’s risk-
adjusted trading profit as a function of z is

(L) = 0.5t,2%*/T(L). 7

This implies that the expected risk-adjusted trading profit of intermediary
j prior to the realization of z (that is, when exchanges form), is

EII{L) = 0.5t;Sa*/T*(L). (8)
Moreover, (2) and (4) imply that intermediary j’s fixed cost share equals:

These results allow determination of the equilibrium number of exchanges
and the equilibrium supply of intermediation. First note that only one exchange
survives in equilibrium. To see why, consider a candidate equilibrium in which
the set of traders .Sy = [0, L] cooperate to form an exchange (‘exchange 1°), and
the set of traders S, = (L4, L,], L, < M cooperate to form another, competing
exchange (‘exchange 2’). The expected profit net of fixed cost assessment for je.S;
is given by

O.SIJ‘SO'Z tjc

(L)) = —I""_ 9
M) =) T T o
while the profit for ke (L, L,] is
0.5t,Sc* t
VilLo) =~ — (10)

T*L,)  T(L,—Ly)

This cannot be an equilibrium because if the exchanges merge, the profits for
jel0, L] are

OStJSO'Z tJC OStISUZ tJC

Vi{L,) = 11
M) =y T (L) T T TLY (th
while the profits for ke(L,, L,] are:
0.5t,S¢? e 0.5t,Sa? e
VilLa) = gl — K Dol (12)

T*L,) T(L)~ T*L,) T(L,—Ly)

The candidate multiple exchange equilibrium therefore cannot be an equilib-
rium because it violates condition 3. This proof can be generalized to any
number of exchanges and any exchange membership composition. Thus, only
one exchange exists in equilibrium.
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This analysis permits the determination of the equilibrium set of members
of the monopoly exchange, and thus the equilibrium supply of intermediation.
It is readily apparent that there is a crucial L* such that if intermediaries
je[0, L*] form an exchange, no other competing exchange can form. To see
why, note that since the profits of each member of an exchange are proportional
to the aggregate profit of all its members, a necessary and sufficient condition
for a competing exchange to survive is that its total profit be non-negative.
Formally,

’ 2
0./5T So . (13)
(T"+ T%*)
must be non-negative for a competing exchange to survive, where T’ = jf»lt,- di
and T* = jﬁ*tjdj. Note that as L* increases, T' must approach 0 and hence this
profit becomes negative. Thus, there is some L* such that no competing
exchange can survive.

Given a value for c it is straightforward to solve for the T* such that (13) is
negative. Since choosing L’ is equivalent to choosing T" (holding T* fixed), the
value of L’ that maximizes (13) sets the derivative of this term with respect to T’
equal to zero. It is readily verified that 7" = T* maximizes (13). Therefore, if

0.5T*Sa*

no competing exchange can form. Thus, an exchange with membership
je[0, L*] with [§'t; di = Sa?/8¢ can deter entry by any competing exchange.

A single exchange with membership je [0, L*] forms in equilibrium. To see
why, define V(L) as the risk-adjusted trading profits net of assessment of firm
j < L* as a function of total exchange membership size. Assume that some
coalition Sy = [0, L], L < L* attempts to form an exchange. In this case, some
set of intermediaries with ie (L, X], X > L¥ could form an exchange to compete;
therefore S; cannot be the only equilibrium exchange as entry is profitable in
violation of condition 5. Since X > L*, all of the intermediaries j € Sy would earn
a profit smaller than V' (L*). Thus, the equilibrium exchange has no fewer than
L* members.

Moreover, it is also the case that all je[0, L*] would be harmed by the
admission of additional members to the monopoly exchange. The derivative of
the profit of a member je [0, L*] with respect to exchange size is proportional
to:

tj SO‘2

_W[F _ c] <0 (15)

Assume that intermediaries [0, L] form the monopoly exchange, with L > L*.
By (15) V{(L*) < Vj(ﬁ) for all j < L*. Therefore, all je[0, L*] could make
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themselves better off by defecting from the putative equilibrium exchange with
L members and forming their own exchange; this violates condition 4. There-
fore, the coalition consisting of intermediaries [0, L*] generates the highest
profit for this group of intermediaries, cannot be blocked by any other coalition,
and blocks entry of any other exchange. It therefore satisfies all 5 equilibrium
conditions. It is the only exchange that exists in equilibrium.

The comparative statics for this model are straightforward. The size of the
equilibrium exchange is increasing in price volatility and the variance of order
flow, and decreasing in fixed costs. These are intuitively appealing results.

The restriction on membership size in the monopoly exchange generates rents
for the members. That is, although (1) liquidity would increase if the monopoly
exchange admitted more than L* members, and (2) some intermediaries i > L*
could earn non-negative profits net of fixed cost assessment if they were admit-
ted, the monopoly exchange has no incentive to grow this large.” Since by (15)
profits for all je [0, L*] are decreasing in the number of members L, this implies
that the profits of the intermediaries je[0, L*] are higher if membership is
restricted to this set of intermediaries than if it is increased to include all whose
trading profits would exceed their fixed cost assessment. Thus, the monopoly
exchange restricts membership size to enhance member profits, and does not
provide the maximum amount of liquidity consistent with all members covering
their fixed cost assessment.

A numerical example illustrates these results. Let S =4,6> =5, and ¢ = 5.
Moreover, M = 1,and t, = 4 — 4k, ke [0, 1]. That is, risk tolerance is a decreas-
ing linear function of location along the intermediary continuum. (This means
that risk aversion is an increasing function of this location that asymtotes to
infinity as i approaches 1.) In this case, T* = 0.5 and L* = 0.134; the exchange
includes only 13.4% of available intermediaries who offer only 25% of total risk
bearing capacity. The average member of the monopoly exchange earns a profit
(net of fixed cost assessment) of 22.39 and the marginal member earns 20.78. If
the exchange did not set a membership limit, all intermediaries i € [0, M| would
join. In this case, all members would earn zero profit under the proportional
sharing rule.'®

The marginal member is willing to pay 20.78 to belong to the exchange. This
measures the rent earned by the marginal member and equals the equilibrium

° To prove that more than L* intermediaries would join the monopoly exchange if allowed, define
8§~ =[0, L*) and § = [L*, L§], where V158, 87) = 0. V15(S~US) > V4S8, S7) > 0, where the first
(strong) inequality follows from (9)—(12), and the second (weak) inequality holds by the definition of
L% and L*. Therefore, at least L% intermediaries could earn a profit as members of a monopoly
exchange so at least this many firms would join if the exchange accepted all who want to do so.

107t is not generally true that all members earn zero profit under free entry. It is generally true that
members earn smaller profits with free entry than without.
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price of an exchange membership - the seat price. If the exchange were to admit
all comers willing to pay their share of fixed costs, the seat price would equal 0.
Thus, the theory predicts that seat prices should be positive; if a membership
also confers an ownership of the exchange’s physical assets, the seat price should
exceed the value of this claim. This implies that the g-ratio for a financial
exchange should exceed 1.00.

2.3. Summary and conclusions

The model presented in this section derives conditions under which (1) trading
in a financial instrument is concentrated on a single exchange, and (2) economies
of scale result in an equilibrium in which an exchange restricts its size to ensure
that its members earn supercompetitive profits. Scale economies permit an
exchange to select a membership size which is large enough to deter entry. Once
large enough to be safe from the threat of entry, the exchange does not permit
additional members to join. This limitation on entry generates a stream of rents
for low-cost suppliers of trading services.

Virtually identical results hold under the diametrically opposed assumption
that noise traders cannot switch exchanges after realizing their demands. In the
alternative model, prior to realizing demand noise traders choose to trade on the
exchange whose members offer the greatest total risk tolerance. In this case, the
set of the least risk averse intermediaries with total risk tolerance slightly above
half the total available risk tolerance can form an exchange and face no threat of
competitive entry. As in the model presented herein, this exchange is subop-
timally small and its members earn economic rents. Thus, the natural monopoly
result is not sensitive to assumptions concerning how noise traders are allocated
among exchanges.

Received theories imply that economies of scale may lead to natural
monopoly, but that a natural monopolist may not earn rents due to potential
competition (Demsetz, 1968; Telser, 1978; Baumol et al., 1982). These theories
typically assume that all potential producers have access to the same production
technology. The co-existence of natural monopoly and economic rents in the
model of this article is due to a difference in costs between the incumbent
monopolist and potential competitors. Although any group of firms can form an
exchange by incurring a fixed cost of ¢, individual intermediaries have different
costs due to differences in risk aversion. Thus, the heterogeneity of trading firms
produces differences between this article’s implications and those derived from
more traditional models of natural monopoly. Such heterogeneity is plausible.
Moreover, heterogeneity explains why mutual exchanges are organized as
non-profits (Pirrong, 1999).

There are other theories that predict that all trading occurs in a single market.
For example, Telser and Higinbotham (1977), Telser (1981), Pagano (1989), and
Glosten (1994) all predict the survival of a single market due to liquidity effects;
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in these models, liquidity is maximized when all trading concentrates on
a single exchange. These theories differ from the one presented in this
paper in several crucial ways. Most important, the Telser-Higinbotham-
Pagano—Glosten models are ‘intermediary free’. As a consequence, they
provide no insight on the equilibrium size of financial exchanges. In contrast,
the model analyzed here treats exchange members as ‘market makers’ in
the most fundamental sense; they create, maintain, and pay for the trading
infrastructure. This incorporation of ‘market makers’ into the analysis allows
explicit determination of the size of exchanges and the profitability of exchange
membership.

These considerations have implications for the incentives of exchanges to
merge. Improvements in communications technology that reduce the costs of
arbitrage and/or reduce costs that investors incur to trade on distant markets
should lead to consolidation of exchanges. The experience of regional exchanges
in the United States is broadly consistent with this analysis. The importance of
these exchanges has declined dramatically as communications technology has
improved, and many regional exchanges disappeared or merged due to im-
provements in intermarket linkages (Mulherin et al., 1998). Ongoing events in
international markets may also reflect favorably on the theory. Exchanges
across Europe are merging, and exchanges in the US, Europe, and Asia are
exploring strategic alliances of various sorts. These developments coincide with
(1) the recent revolution in computer and communications technologies that has
dramtically reduced the trade of financial claims across vast distances, and (2)
the elimination of regulatory barriers that restrict cross-border trading (espe-
cially in Europe).

3. The scope of financial exchanges

Exchanges may trade multiple products. These products may be closely
related (e.g., corn futures and corn futures options) or quite distinct (e.g., corn
futures and T-bond futures). This raises the question: What determines the scope
of products traded on a particular exchange?

This section examines the incentives of intermediaries to form a single ex-
change trading differentiated products if there are scope economies. In particu-
lar, it investigates whether multiple exchanges each trading a different product
may survive even when consolidation would economize on fixed costs and
improve liquidity. In this model, there are two traded products (e.g., futures
contracts on corn and Treasury bonds). The noise trader demand for product j is
z;,j = 1,2, where z; ~ N(0, S). Moreover, corr(zy, z,) = p.. The values of the
products are given by v; ~ N(0, ¢2),j = 1,2 with corr(vy, v;) = p,; the v's are
revealed after trading is completed. As before, there is a continuum of length
M of risk averse potential intermediaries. The risk aversion coefficient of
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a trader ie[0, M] is o; There are two intermediaries at each point in the
continuum.

Exchanges may enjoy economies of scope when offering multiple products for
trade. Formally, assume that if an exchange offers both products, its fixed costs
equal (1 + d)c, where 0 < d < 1. Economies of scope are greater, the smaller is d.

Finally, noise traders choose where to trade after realizing their demands. As
in Section 2.2, this implies that prices for a particular product are equal across
exchanges if multiple exchanges offer the same product. It is possible to show
along the lines of the argument in Section 2.2 that at most one exchange offers
each product in equilibrium as otherwise merger could make all intermediaries
better off by reducing fixed costs.

First consider intermediary risk-adjusted trading profits in a candidate equi-
librium in which both products are traded on a single exchange that includes all
intermediaries i€ [0, L, ]; assume that no competing exchange can enter profit-
ably if this set of intermediaries forms an exchange. In this case, intermediary
i chooses the quantity of each product to trade, y;; and y;,, to maximize

;i = — yip1 — Yiap2 — 0.50,0°[vi + yis + 2p.irViz]
where p; and p, are the equilibrium prices of the products. Intermediaries
condition their demands on these prices. The relevant first order conditions are

—p1 =00y + poYizl,
—p2=00"[yi2 + peyir]-
Solving these first order conditions implies

Vi = — Lipy LipuD2
i1 =
X1 —p3)  o*(1—p7)
P LipuD1
Yi2 =

(1 —pp)  o*(1 —p3)

In equilibrium, — z; = Zjﬁ‘ vi; di, j = 1, 2; the integral is multiplied by 2 because
there are now two intermediaries at each point along the continuum. Therefore,
in equilibrium:

Py = o> Zy + PuZz
1 T 9
P, = o Zy + pyZ1
2 T s

where T = 2 [§' t; di. Moreover,
y. p — O'ZI-Z% + PvZ2Z1
i1F1 i T B
2
Z3 + puZ1Zs

ViaP2 = 6°1; T
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Substituting these values in the expression for IT;; implies

23 + 25 + 2pyz12,
T? '

Hil = 0.50’2[1'

Taking expectations conditional on information available prior to the observa-
tion of the noise trader demands:

[iSO'Z
Ell;; = ?[1 + 00,1

A single multiproduct exchange cannot be an equilibrium if intermediaries
have an incentive to split off and form single-product exchanges. Consider
payoffs when a coalition consisting of one of the intermediaries for each
je[0, L] splits off to form an exchange which trades product 1 and a coalition
consisting of the other intermediary for each je[0, L] splits off to form an
exchange that trades product 2. The aggregate risk tolerance of each exchange is
0.5T. An analysis similar to that completed for the two-product exchange case
implies that

O.SIiSO'ZS _ 2tiO'ZS

Ell;, = = .
2 (0.5T)? T?

If there are economies of scope, d < 1 and the fixed costs of a single exchange
are smaller than the combined fixed costs of two exchanges. The expected
risk-adjusted profit net of fixed cost assessment of member i of a single exchange
offering both products is then

tiSUZ tl(l + d)C
Vii= 1 ] ——
il TZ [ + pzpb:l T

while the expected risk-adjusted profit net of fixed cost assessment that inter-

mediary i would enjoy as a member of an exchange offering only one product is
2tiS62 2tiC

Vi = - .
2o T

(16)

A single exchange trading both products can be an equilibrium if and only if
its members do not have an incentive to split off and form separate single
product exchanges. This requires

t,So? t{1 +dec 286> tc
—1 — - —. 1
72 L1+ pepe] T T2 T (17)
This in turn requires
S

T
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Expression (18) implies that if the products traded on the exchange are very
similar, with highly correlated order flows and prices (i.e., with p. ~ 1 and
p, = 1), merger into a single exchange is likely to dominate the creation of
separate exchanges each trading a single product. In this case merger reduces
fixed costs without impairing trader profits. However, if the products have
a very low order flow correlation or a very low price correlation, or both,
separate exchanges may offer intermediaries higher profits net of fixed cost
assessments. The intuition behind this result is straightforward. With low price
correlation, consolidation allows intermediaries to diversify risk. This shifts out
and flattens the supply of intermediation services, thereby lowering prices in
absolute value for a given realization of z; and z,. This shift in supply tends to
reduce member rents. With low order flow correlation, market making resources
can often shift from a product with a low realization of |z| to the product with
a high realization. This tends to increase competition among intermediaries,
thereby reducing member profits.'!

Given price and order flow correlations, survival of a single multiproduct
exchange in equilibrium is more likely, the greater the scope economies (i.e., the
smaller is d). This result is quite straightforward. Greater scope economies imply
a greater opportunity cost to maintain separate exchanges.

This model predicts the existence of multiple exchanges each offering a nar-
row range of similar products that are differentiated from products trading on
the other exchanges unless economies of scope are large. This analysis presumes
that exchange members have the right to trade all products offered by their
exchange. If exchanges can create separate trading rights, however, a single
exchange will offer both products if there are scope economies. To see why,
consider an exchange with membership [0, L;] that allows each member to
trade either product 1 or product 2, but not both. That is, it creates separate
‘product 1 memberships’ and ‘product 2 memberships’. The exchange creates
L, memberships of each type. One of the intermediaries at each je[0, L]
receives a product 1 membership and one receives a product 2 membership. By
trading both products on the same exchange, the exchange captures scope
economies. Therefore, the payoffs net of fixed cost assessement for each member
are:

. 2tiS(72 (1 + d)[ic

Vio T? T

1 This analysis demonstrates that exchanges need not be structured to maximize liquidity;
multiple exchanges may survive when their merger would increase liquidity. When order flows and
prices are highly correlated, consolidation has little impact on liquidity; this is when consolidation is
most likely. In contrast, when the correlation between order flows is low, or the correlation between
prices is low, or both, consolidation tends to increase liquidity substantially. This consolidation also
tends to increase competition among intermediaries, thereby eroding intermediary trading profits.
As a result, consolidation is least likely when it has the greatest potential to increase liquidity.
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A comparison of this expression with (16) shows that if d < 1 this payoff exceeds
that which the intermediary could obtain in a single-product exchange. This
occurs because consolidation with distinct membership categories reduces fixed
costs but does not reduce trading profits. Therefore, creation of a single ex-
change with multiple membership classes with restricted trading rights domin-
ates multiple single-product exchanges because trading profits are the same in
each, but economies of scope imply that fixed costs are lower for the former. Put
differently, if exchanges merge to capture scope economies, they will not merge
the trading rights of their members.

The analysis also speaks to the competitive implications of exchange mergers.
The foregoing analysis predicts that exchanges have a monopoly in the trade of
a particular contract or security. Therefore, merger does not reduce competition
in a particular contract or security. Merger actually increases competition if
trading rights are merged as well. The model demonstrates, however, that it is
not in the interest of merging exchanges to merge trading rights, so this increase
in competition is unlikely to occur. Since merger has no major competitive
implications, but does reduce costs, the model implies that consolidation of
separate exchanges is wealth increasing.

4. Evidence of structural exchange monopoly

The theory presented in Section 2 shows that under some circumstances,
exchanges can choose membership size to deter entry of competing exchanges. If
these conditions hold, an exchange has a monopoly over the trade of a particu-
lar financial contract. This section presents evidence from futures markets that is
broadly consistent with this prediction.

I utilize the Herfindahl-Hirschman (HHI) index as the measure of concentra-
tion/monopoly in exchange traded financial contracts. The HHI is defined as the
sum of squared market shares of exchanges trading contracts in a particular
category. A HHI value of 10,000 indicates a monopoly. A value close to 0
indicates an industry populated by a large number of small firms.

Trading volume measures output. An exchange’s market share is defined as
100 times the ratio of its volume to the total volume of contracts traded in that
category. I adjust for differences in contract size, where possible. For example,
since MidAmerica Commodity Exchange (MACE) currency contracts are one-
half the size of Chicago Mercantile Exchange contracts, I multiply MACE
currency volume by 0.5. As another example, the 20 ton Winnipeg Commodity
Exchange canola contract is 14% the size of the Chicago Board of Trade
soybean contract, so I multiply the WCE contract volume by 0.14.

Table 1 presents HHI values by year from 1986 to 1992 for a variety of
financial and commodity derivative products traded on organized exchanges.
HHI values are calculated for relatively broad categories of derivatives. When



345

C. Pirrong | Journal of Financial Markets 2 (1999) 329-357

£19¢ 918 £CE9 0061 LT6E 000°0T 000°01 Vv som)nj xopur esouedef
000°01 000°01 000°01 000°0T 00001 00001 000°01 d seImny Xoput 31
00001 000°01 000°01 000°01 00001 - - d seImny Xopul youalf
000°01 000°01 000°0T — — — — El SaIninj xopurl UeULIaD
C8SL €CLL CELL 98SL T6€L SyL 8ISL VN suondo xapur N
6698 0r18 8L6L €18L 06SL 09¢L £€0L VN saImng xoput SN
6566 $966 SE66 6766 SE66 L166 L166 VN asn/ao
8686 1266 §T66 9066 Y686 8566 LE66 VN asn/dd
0886 SL86 9886 066 81786 1286 €086 VN asn/4s
6886 £€66 8266 §T66 66 686 £886 VN asn/Af
8086 S166 1166 SE66 €166 £986 6886 VN asn/ma
69¢8 1908 LESL VILL L6vL SESL SCLL M STefjopoIny
000°01 000°01 00001 000°0T 000°01 00001 00001 Vv SIe[opoinyg
00001 00001 000°0T 000°0T 00001 000°01 000°01 d sIe[opoinyg
000°01 000°01 000°01 00001 000°01 00001 000°01 VN SIe[opoinyg
817C8 0vv6 00538 000°0T — — — M Jreworny
000°0T 000°0T 000°0T - - — - Vv Jrewolnyg
000°01 000°01 000°0T 000°0T — — — El Jreworny
000°01 000°01 000°0T 000°0T 00001 00001 000°0T q [euonou youal{
0€S9 $669 LL86 000°0T 00001 - - d punq ueuLIafy
666 0866 9966 6886 L6L6 000°01 000°01 VN sounsean SN
SjyppuLlaaf 1900100 saamny [pIUPUL] [ jdUDJ

661 1661 0661 6861 8361 L861 9861 "LNOD penuo)

I 9lqeL



C. Pirrong | Journal of Financial Markets 2 (1999) 329-357

346

00001 00001 000°01 000°01 00001 00001 000°01 VN ERiVe)
000°01 000°01 000°01 000°0T 000°0T 000°0T 000°0T a1 [OOIN
000°0T 00001 000°0T 00001 00001 00001 000°01 q ourz
000°01 000°01 000°01 000°0T 000°0T 000°0T 000°0T q wnurn[y
000°0T 000°0T 000°0T 00001 00001 00001 000°01 q pea
€L98 1€98 3€H8 9896 8666 — — M 1ddop
00001 00001 000°01 000°01 00001 00001 00001 q Toddop
000°0T 000°0T 000°01 00001 00001 00001 000°01 VN 1addo)
6208 0618 16L9 965 6629 €€96 101 M wnuneq
000°01 000°01 000°01 000°0T 000°0T 000°0T 000°0T A wnunelq
000°01 00001 000°01 00001 00001 00001 00001 VN wnuneq
9198 S0L9 €v8L T09L 61YS 6879 L989 M IOATIS
000°01 00001 000°01 00001 00001 00001 000°01 A4 JOATIS
8766 8886 6086 9L6 L8S6 6956 L¥¥6 VN IOATIS
€516 €816 0€TS 0%99 6569 8969 0b6L M pIoD
L666 1866 €566 000°0T 00007 000°0T 000°0T A pIoo
8866 1866 TL66 $966 9LL6 SEL6 186 VN pIoD
000°01 000°01 000°01 000°0T 000°0T 000°0T 000°0T VN aurjosen
68LS 66LS €886 8079 €5€9 6¥L9 8€S9 M [to Suneay
000°01 00001 000°01 000°0T 000°0T 00007 000°0T qd [ro Suneay
000°0T 000°0T 00001 00001 00001 00001 000°01 VN [1o Sunesy
669 8.9 T6hL 8098 00L6 00007 000°0T M [10 apnI)
000°0T 000°0T 00001 00001 00001 00001 000°01 q [to opnI)
000°01 000°01 000°01 000°0T 000°0T 000°0T 000°0T VN [10 apnI)
6818 YOv8 S6C8 88 0FS8 8€L8 €098 M SPass[IO
000°01 000°01 000°01 000°0T 000°0T 000°0T 000°0T A SPA3s[IO
9786 ££86 €186 6586 9986 7896 7096 VN SPa3s[IO
6LTY 799% 657 TE8y €TIs ShSP €0 VN LR
SJYppUIfId[] 190D.U0D 24N (JIpouio) g jaung

7661 1661 0661 6861 8861 L861 9861 "LNOD jalAskiVe)

(panunuod) 1 91qe]



347

C. Pirrong | Journal of Financial Markets 2 (1999) 329-357

‘B[OURD PUR ‘[BOW UBIQAOS IO UBIQAOS ‘SUBIQAOS SIPN[OUI BILIOUTY [IION 10J £1030)18I SPIIs[IQ, Y] 'saIniny
XIdO.L saIniny 1ayyIN sopnpoul A103a3ed sarnin xopuj asouedef, oy ‘uondo saiiny 00s J29S 2y pue ‘suondo xopur (00T d¥S) XdO PU 00S IS
sopnput suondQ Xopu] N, YL 'SI9LIUOD saInIny aur aneA ‘GSAN ‘005 IS Y} ss0Ioe s91e3aI133e A1Ud Sornn,{ Xopu] S(), YL "SPUOq pue sajou
KInsea1], S J0j S$}oBIIU0D saININJ [[8 SS0Ioe s91eFISSe A1juo sounsear] SN, oYl ‘A[[eogoadg 'sjoe1juod jo K1ouea e ssoloe Surpe) 91esa13se s|yepuyloy
QWS "OPIMP[IOM FUIPEBI} SIIBIIPUI A\ “BISY UI SUIper) sajedrpul y -adoing ur Surpes) sa)edrpul g “BOLIOWY [IION Ul SUIPRI) S9JBdIpPUl YN JUBAJ[I
SI [BPUYIOH 9Y} YIIYM JOJ JUdUNU0D 3} SAAIT . "IN OD, PA[2qe[ UWN[0d 3, 'SIPLI) 10B1UO0D Jo 2dA) Ie[nonied B o19ym JULUNIUOD OB 10j pajrodar
oIe Son[eA [UBPUPIoOH 9)eIeddg "PlIOM oy} PUNOIe SIFUBYOXD PIZIUBIIO UO PIPEI) SIOBIIUOD [RIOUBUY I0J SAN[BA XOPUI [URPUYIOH sjuasaxd d[qe) Sy

00001 00001 00001 00001 000°01 000°01 000°01 VN uono)
LLO9 65€S 6505 (4399 Y9 6995 L809 M Tegng
00001 000°0T 00001 00001 000°01 000°01 000°01 v Tegng
€els 8¢S 668L €008 000¢ S96S 666 d Te3ng
000°0T 000°0T 00001 00001 000°01 000°01 000°01 VN 1e3ng
8661 1508 6L6Y 986Y €86t 1008 LOOS M 020D
00001 000°0T 00001 00001 000°01 000°01 000°01 v BO20D
000°01 00001 000°0T 00001 000°01 000°01 000°01 q BO20D

00001 00001 00001 00001 00001 00001 00001 VN BO20D



348 C. Pirrong | Journal of Financial Markets 2 (1999) 329-357

commodities are traded on different continents (e.g., sugar) multiple HHI
numbers are reported: one for each continent where the commodity is traded
and a combined figure for the world. Separate reporting by continent reflects the
fact that trading in a particular contract in different time zones may be very
imperfect substitutes.

The grouping of multiple contracts into broader categories for some contracts
(e.g., equity index futures, US government bonds) makes the analysis more
tractable. It also tends to produce HHI values below 10,000 even when no
exchange trading a particular contract faces a competitor offering an identical
contract. Grouping contracts into broad categories eliminates the need to make
judgments regarding the substitutibility of related but differentiated products.
For example, the NYSE index contract traded on the New York Futures
Exchange (NYFE) is an imperfect substitute for the S&P 500 contract traded on
the CME, and each exchange has a monopoly in its particular contract.
Nonetheless, each is included in the stock index futures category. This tends to
generate HHI’s less than 10,000 even when it is possible that the degree of
differentiation between two related contracts is sufficient to make them eco-
nomically distinct.

Table 1 reveals HHI values of 10,000 for a number of these broadly defined
categories, and HHI values of in excess of 9500 for several more. The lowest
HHI values for trade within a particular continent are for US wheat, US stock
index futures, US stock index options and futures options, and Japanese stock
index futures. The low values for wheat may not be inconsistent with the
prediction that exchanges will be monopolies in equilibrium because the three
exchanges that trade wheat in the US trade distinct varieties of this grain that
are imperfect substitutes in consumption and production and which have
different production cycles. These factors may differentiate the various wheat
futures contracts sufficiently to permit the factors discussed in the analysis of
exchange scope in Section 3 to explain why trade in different wheat varieties
occurs on several exchanges.!?

HHI values are sometimes well below 10,000 when aggregating across conti-
nents (as with sugar, cocoa, coffee, copper, and energy products). However, there
is little if any overlap in the trading hours for these products on different
exchanges. For example, the Coffee, Sugar, and Cocoa Exchange (CSCE) of
New York trades these commodities from 0915 to 1405 Eastern Time, whereas
the London Commodity Exchange (the LCE, recently absorbed by LIFFE)
trades them from 0945 to 1232 Greenwich Mean Time, which corresponds to
0445 to 0732 Eastern Time. Given this lack of head-to-head trading, it is

12 Until recently, LIFFE and the Deutsche Terminbdrse (DTB) split trading volume in German
government bonds almost equally. In the summer of 1998, however, virtually all trading of this
contract migrated to DTB. At present, DTB market share is 99.9%.
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plausible to treat contracts on a particular commodity or asset (e.g., cocoa)
traded on different continents as different products. Under this interpretation,
the HHI figures reported in Table 1 are broadly consistent with the hypothesis
that exchanges are natural monopolies.'?

The evidence presented in Table 1 indicates that unless one defines markets
extremely broadly as world-wide in scope (which is not entirely plausible), the
predictions of the model presented in Section 2 clearly hold for futures and
futures options. The HHI figures provide evidence of structural exchange mon-
opolies in specific products. It is well known, however, that structural monopoly
does not imply that the monopolist earns supercompetitive profits (Demsetz,
1989; Telser, 1978; Baumol et al., 1982). The next section demonstrates, however,
that exchange members earn substantial rents that are most plausibly attribu-
table to entry barriers.

5. Evidence of economic rents accruing to exchange membership

The theory in Section 2 implies that both the marginal member and inframar-
ginal members of a financial exchange should earn rents due to the ability of an
exchange to limit membership and deter entry. The price of an exchange
membership, the seat price, incorporates the value of exchange trading privileges
to the marginal member. Seat prices therefore capitalize any rents attributable
to entry limits that accrue to the marginal member. This section examines
membership prices for evidence of such rents.'*

Lindenberg and Ross (1981) and Smirlock et al. (1984) show that Tobin’s
q ratio can be utilized to detect the existence of economic rents. Tobin’s ¢ is
defined as the ratio of the market price of financial claims outstanding against
a firm to the replacement value of the firm’s assets. Homogeneous firms in
perfectly competitive industries with free entry should earn no rents, which
implies a g ratio of 1.00 in long run equilibrium. Thus, it is consistent with the

13This analysis examines exchanges only, and does not consider the OTC markets. This is
predicated on the assumption that OTC products and exchange traded products are distinct in some
important way. Although it is important to understand why both markets exist, the focus of this
article is what determines the number of exchanges given customer preferences regarding trading on
OTC and exchange markets. The formal analysis presumes that customers have already chosen to
trade on exchange instead of OTC, so the focus on exchange HHI’s is appropriate.

14 Memberships represent a bundle of rights; membership confers a claim on the physical and
financial assets of the exchange upon its liquidation and the right to trade. If the right to trade is
valuable due to a restriction on the number of members, the seat price will exceed the value of the
member’s claim on the exchange’s assets. The g ratio is a convenient way of expressing the relative
values of the right to trade and the right to exchange assets that are bundled in a seat price. A high
q ratio indicates that the value of trading rights is high relative to the value of exchange assets.
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hypothesis that firm X exercises market power or benefits from entry barriers to
observe a ¢ ratio for firm X in excess of 1.00.

Q ratios can exceed one even in the absence of market power or entry barriers.
For example, firms may not be homogeneous. Some companies may possess
specialized assets which allow them to produce at lower cost than their rivals. If
the replacement value of these assets is not recognized (as may well occur if they
are intangibles), the advantaged firms will have g ratios in excess of one. Finally,
the new theory of investment under uncertainty (Dixit and Pindyck, 1994)
implies that ¢’s may exceed 1.00 if firms have valuable investment options.

These caveats imply that ¢’s in excess of 1.00 do not necessarily indicate
market power or the existence of entry barriers. Nonetheless, the persistence of
q’s greater than 1.00 in an industry provides evidence consistent with market
power or entry barriers in that industry.

This section examines data on ¢ ratios for 6 major financial exchanges: the
Chicago Board of Trade, the Chicago Mercantile Exchange, the New York
Cotton Exchange, the Coffee, Sugar, and Cocoa Exchange, the New York Stock
Exchange, and the Chicago Board Options Exchange. The CBOT and CME are
the two largest futures exchanges in the world and trade a broad variety of
commodity and financial derivatives. The NYSE is the world’s largest stock
exchange, and the CBOE is the world’s largest equity options exchange. The
NYCE and CSCE are futures exchanges that are smaller and more narrowly
focused than the CBOT and CME. Each has a dominant niche in a particular
commodity segment, the NYCE in cotton and orange juice and the CSCE in the
trade of ‘soft’ commodities in North America.

To calculate ¢’s, I collect the high and low seat transactions prices for each
membership category for each year from 1986-1996.* The high and low prices
for each membership category are multiplied by the number of outstanding
memberships in this class to determine the high and low values of the equity
claim represented by this ownership class. The high (low) values of all member-
ship classes for a given exchange are added to estimate an annual upper (lower)
bound on the value of equity claims on the exchange. To both the high and low
equity values I add the difference between the exchange’s book value of assets
and book value of equity; this gives the book value of the exchange’s outstand-
ing liabilities. Most exchange liabilities are payables or other short term borrow-
ings, so book values should measure their market values accurately. These
values are derived from each exchange’s balance sheet. The sum of seat equity
value and liabilities is the numerator in the g ratio. For the denominator, I use
the book value of each exchange’s assets, as disclosed in its annual report, as an
estimate of the replacement value of its assets. The structure of exchange assets is

15 For example, the CBOT has 5 different classes of membership representing different trading
rights and claims on the exchange’s physical assets.
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relatively simple. These assets consist primarily of marketable securities, which
implies that book values are accurate measures of replacement cost for these
assets since they are marked-to-market on exchange books. Nor do exchanges
hold inventories, which also eliminates a potential problem that can result from
using book values to calculate replacement costs. Moreover, Chung and Pruitt
(1994) and Perfect and Wiles (1993) show that estimates of g based on asset book
values are highly correlated with estimates based on more involved measures of
replacement cost. Given the simplicity of exchange asset structures and the
quality of book values as a proxy for replacement costs, the ratio of exchange
equity values and liabilities to exchange asset book values should be a reliable
estimate of the true ¢.'°

Table 2 presents the g values for 1986-1995 for the 6 exchanges studied. For
each exchange, the g ratio (even based on the annual low value of the seat price)
is typically above 2.00 and always exceeds 1.00. For the two largest futures
exchanges in the sample, the CBOT and the CME, the ¢ ratios are above 3 for
the entire ten year period, and reach nearly 10 (based on the annual high seat
prices) for the CME in 1995. The average of the high and low ¢’s exceed 4 for all
but two years (1990 and 1991) for the CBOT and exceed 5 for all years but 1986
and 1987 for the CME. The New York Cotton Exchange ¢’s are also typically
above 2, and average 3.27 (2.37) based on the high (low) seat price. The high
CSCE ¢’s are typically above 2.0 and exceed 3 in 1988 and 1989. The low g’s for
this exchange are below 2.0 but always exceed 1.0. The CBOE ¢ ratios range
between 2.2 and 5. The NYSE ¢’s are usually the lowest of the exchanges studied,
but exceed 1.73 at some time during every year in the sample period.'’

A comparison of these figures with ¢’s for non-exchanges firms reported in
other studies strongly suggests that exchange ¢’s are high. The average value
from a long time series of ¢’s from a sample of publicly traded US firms
produced by the Federal Reserve Board equals 0.7. The highest value for this
economy-wide g during this period equals only 1.6 as observed in 1996. Linden-
berg and Ross (1981) report mean and median ¢’s for 1960, 1965, 1970, and 1977
for a sample of 246 firms. For these years, the mean values are 1.54, 1.51, 1.53,

16 Two exchanges, the CME and NYCE, consolidate the balance sheets of the exchange and its
clearinghouse. As a result, they carry the value of margin accounts as an asset and a liability on their
books. Since these sums do not contribute to (1) the value of owning a membership, or (2) the assets
to which members have a claim on dissolution of the exchange, the year end value of margin
accounts are removed from the assets and liabilities of these exchanges when computing q.

17 These values are not very sensitive to mis-measurement of exchange assets and liabilities. For
example, the CBOT ¢ values would be within 1.65 standard deviations of their reported value even if
CBOT assets and liabilities were underestimated by 48%. Similarly, the CME ¢ values would be
within 1.65 standard deviations of their reported value even if its assets and liabilities were
underestimated by 100%. Figures for the other exchanges are very similar. Thus, even a large
underestimate of exchange assets and liabilities will not overturn the results reported in Table 2.
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Table 2
Financial exchange g ratios

Year CBOT CME NYCE CSCE CBOE NYSE

High Low High Low High Low High Low High Low High Low

1986 518 323 408 331 249 187 257 182 356 227 276 221
1987 7.69 429 528 302 441 249 219 157 416 313 405 237
1988 708 498 840 443 346 239 3.05 1.63 342 278 322 240
1989 545 408 695 476 287 1.63 3.09 122 322 278 249 174
1990 428 346 723 498 229 149 220 1.77 275 256 183 1.73
1991 444 348 647 472 243 179 290 124 326 245 173 125
1992 463 357 588 448 309 250 146 116 377 331 192 147
1993 503 388 754 586 203 1.62 195 124 433 331 200 148
1994 626 410 726 632 702 450 213 146 523 382 193 181
1995 580 410 989 625 422 278 246 177 503 322 215 173

and 1.53, respectively; the median values are 1.20, 1.25, 1.23 and 1.25. Perfect and
Wiles (1994) report mean and median ¢ (calculated using book values as
a measure of replacement cost) for a random sample of 62 firms. Their mean q is
1.09, and the median is 0.96. The standard deviation of ¢ in their sample is 0.44.
The maximum ¢ in their sample is 3.76. Thus, the ¢’s observed for financial
exchanges are very large compared to ¢’s for US industrial and service firms.

A more detailed analysis of the Lindenberg and Ross (1981) results illustrates
the distinctive character of exchange ¢’s. The average of the high and low ¢’s for
both the CME and CBOT are above 4.00 for virtually all of the 1986-1995
period. In contrast, only 6 firms in the Lindenberg—Ross sample have ¢’s in
excess of 4.00, while only an additional 6 have ¢’s between 3.00 and 4.00. Firms
with large ¢’s are concentrated in the pharmaceutical industry, which contrib-
utes 8 of the 17 largest ¢’s in their sample. The pharamaceutical industry is
characterized by patent protection (which serves as an entry barrier), substantial
intangible capital (R&D and advertising expenditures are expensed instead of
capitalized, thereby biasing estimates of asset values in the g denominator
downwards), and growth options. Other firms with large ¢’s are advertising-
intensive and likely possess substantial brand name capital that is not reflected
in replacement value calculations. The remaining firms with large ¢’s, Xerox
(5.52), IBM (4.21), and DuPont (2.47) had dominant market positions during the
year in which ¢ was reported, and thus plausibly exercised market power and
likely had valuable investment options.

When comparing exchange ¢’s with the ¢’s for publicly traded firms one must
remember that the former underestimate the total rents generated by restrictions
on membership size and entry barriers. The seat price of an exchange measures
the rents earned by the marginal member. The rents earned by inframarginal
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members exceed the seat price; lower cost suppliers of trading services benefit
more from any rise in the price of trading services that results from a limitation
on memberships than does the marginal member. In contrast, all shareholders of
a publicly traded corporation own an identical claim on firm cash flows, and
therefore benefit equally from market power or an entry barrier. Thus, securities
prices for a publicly traded corporation capitalize all of the rents attributable to
the firm’s market power or entry barriers. In contrast, the seat prices of financial
exchanges measure only a fraction of the rents earned by exchange members as
a result of entry restrictions or the exercise of market power. As a result, the
differences between exchange ¢’s and the ¢’s of publicly traded firms do not fully
reveal the exceptional nature of the former.

The foregoing comparisons demonstrate that exchange ¢’s are very high
relative to other firms in the economy. These high ¢’s are consistent with the
hypothesis that exchange members earn rents as predicted by the model present-
ed in Section 2. One interpretation of these results is that exchange members
earn these rents due to the ability of exchanges to control membership size
strategically.

6. Exchange membership policies

Member owned derivative and securities exchanges strictly limit the number
of members. The only notable exception is the London Stock Exchange. English
common law required this exchange to admit all qualified applicants (Davis and
Neal, 1998).

The expansion of futures exchange memberships to permit the trading of new
products is consistent with the analysis of scope economies in Section 3. When
the Chicago Board of Trade expanded operations to permit the trading of
futures options and financial futures, it created new membership categories:
Associate members can trade only financials, GIM membership interests can
trade only futures and options on government instruments, IDEM members can
trade only index, debt, and energy contracts, and COM members can trade only
commodity options. None of these special membership categories can trade the
exchange’s agricultural futures products; only Full Members have this privilege.
Similarly, the Chicago Mercantile Exchange created special membership cat-
egories to trade foreign currency and short term interest rate futures (IMM
members), stock index futures and futures options (IOM), and emerging market
products (GEM). The New York Cotton Exchange created new membership
categories to trade Orange Juice futures (Citrus Associates).

These membership categories distinguish between broadly different types of
underlying instruments (e.g., financial futures and commodity futures) that are
likely imperfect substitutes with relatively low demand shock correlations. For
instance, trading volume for corn and soybeans varies with changes in weather,
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crop, and inventory conditions which have little bearing on the demand to trade
futures on United States government debt, whereas macroeconomic shocks that
influence government debt trading have little effect on the demand to trade corn
or soybeans. Similarly, government debt futures and corn futures are very
imperfect substitutes; a grain merchant cannot effectively hedge his commit-
ments using T-bond futures. Thus, the observed specification of trading rights is
consistent with the hypothesis that exchanges define these rights to mitigate
intra-exchange competition.

The few observed mergers of financial exchanges also conform with the
theory. Specifically, upon the merger of The Commodity Exchange of New York
(COMEX) and the New York Mercantile Exchange (NYMEX), COMEX mem-
bers did not receive NYMEX trading privileges, and vice versa. Similarly, when
the LIFFE acquired the LCE, the members of the LCE (LIFFE) did not receive
trading rights for LIFFE (LCE) contracts. The recently announced proposal
(since dropped) for the merger of the Pacific Stock Exchange (PSE) and the
Chicago Board Options Exchange (CBOE) countenance no merger of trading
rights. The outlines of a merger plan between the CBOT and the CME also
countenances no merger of trading rights. It is clear, futhermore, that the
abortive CBOE-PSE merger and the proposed CBOT-CME deal were driven
by a desire to exploit the increasing scope economies created by electronic
trading. A single computerized trading engine can be expanded to handle
trading in a large number of different futures and options contracts, whereas
doubling the number of contracts traded via open outcry requires nearly
a doubling of floor space. Therefore, exchanges can economize on the costs of
developing and operating of computerized trading systems by creating these
systems jointly. The CBOE-PSE and CBOT-CME proposals involve joint
development of trading technology but no merger of trading rights, just as the
theory predicts. Moreover, when North American and European or Asian
exchanges have entered into agreements to cross-list contracts, these agreements
are structured to ensure that trading does not overlap.

The recent consolidation of trading on three major Continental European
exchanges, Germany’s DTB, France’s MATIF, and Switzerland’s SOFFEX, and
the possible addition of other European exchanges to this grouping, are also
consistent with the theory. DTB’s main products are German interest rate
futures, and MATIF’s are French interest rate futures. Absent introduction of
a common European currency, these products are imperfect substitutes affected
by different shocks (e.g., news about German monetary policy has a different
effect on demand to trade German government bond futures than on the
demand to trade French government bond futures). With monetary union,
German government securities and French government securities will become
much closer substitutes. This ‘convergence’ reduces the dis-incentive of ex-
changes to merge; as shown in Section 3, when the products the exchanges
trade become closer substitutes, consolidation reduces fixed costs without
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substantially increasing competition between members of the previously separ-
ate exchanges. It is especially interesting to contrast this development with the
failure of an early attempt of DTB and MATIF to merge when the prospects for
monetary union were considerably less certain.

In sum, the observed limitation of exchange membership, the expansion of
futures exchanges through the creation of new membership categories with
trading rights limited to the newly-launched products, the failure to merge
membership trading rights when exchanges merge (or cooperate through cross-
listing), mergers to exploit increases in scope economies driven by technological
changes, and the consolidation of European exchanges as monetary union
approaches are all consistent with the theoretical analysis of Sections 2 and 3.
These features are consistent with the view that exchanges strive to reduce
competition among members by limiting both their number and the scope of
their trading rights.

7. Summary and conclusions

Traditional financial exchanges are membership organizations that supply
semi-private goods (such as trading facilities and rule enforcement) to member
firms. This article derives conditions in which a group of trading intermediaries
can form an exchange to trade a financial contract or security that has enough
members to deter trading of a close substitute on a competing exchange, but
which has fewer members than optimal. Restricting the number of members
generates rents for member firms. It also shows that exchanges may restrict
inefficiently the scope of products they trade or the trading rights of their
members in order to reduce competition between members.

The evidence is broadly consistent with these implications; trading in particu-
lar types of financial instruments (e.g., government interest rate futures con-
tracts) is typically limited to a single exchange, and exchange membership values
substantially exceed the values of exchange assets. Moreover, exchanges limit
the scope of member trading rights in a way that is consistent with a desire to
limit inter-member competition. In sum, the cooperative structure of financial
exchanges explains salient features of the industrial organization of financial
markets.

This work reconciles two apparently incompatible views of financial ex-
changes. According to the property rights view (Coase, 1988; Mulherin et al.,
1991; Pirrong, 1995a), exchanges reduce transactions costs by creating and
enforcing rules and property rights, and by investing in a trading infrastructure.
The more skeptical ‘exchange-as-monopoly’ view asserts that exchanges cartel-
ize the supply of financial transaction services to generate rents for trading firms
(Oesterle et al., 1992; Mclnish and Wood, 1996). This article and its companion
piece (Pirrong, 1999) demonstrate that these theories are complementary, rather
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than conflicting. Exchange members earn rents in equilibrium by restricting
their numbers, and perhaps by enforcing cartel agreements or passing self-
interested but inefficient rules that elevate the prices of transaction services.
The property rights and exchange-as-monopoly views are not in conflict; in-
stead, exchange members earn rents precisely because scale economies in the
provision of trading infrastructure and the enforcement of property rights and
rules allow the exchange to limit the number of members while still preventing
entry.

Although this article presents novel and interesting results, it of course does
not address all questions pertaining to the organization of financial exchanges.
In particular, to focus on exchanges it abstracts from the division of trading
between exchange and over-the-counter markets. In addition, it does not cap-
ture the richness of organization found in the modern equity market in which
trades in a particular security are executed on exchanges, in the OTC market, on
crossing systems, and via block trades. Addressing these issues will require
a more complex characterization of market users. This article assumes that all
investors are homogeneous; it will be necessary to introduce heterogeneities
among investors in order to explain the division of trade between exchange and
non-exchange venues. In equity markets, for instance, heterogeneities may be
related to differences in trader information. In derivatives markets, heterogenei-
ties may result from differential search costs and different demands for customiz-
ation driven by differential risk exposures. Enhancing the theory presented
herein with a more realistic characterization of heterogenous investors is
a promising line of future research. In addition, this paper does not examine
internal exchange organization, and thus cannot answer such questions as why
some exchanges choose a competing market maker system, and others choose
a specialist system. This is another worthwhile line of inquiry for future
researchers.
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