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Abstract

Speculators who prey on hedgers can stifle financial innovation in the sense that new markets
In this paper I analyze whether a profit maximizing exchange nonetheless chooses to open ma
speculative securities and if so, how to circumvent the problem of market failure. I find that the o
financial innovation takes two forms. The first is a market structure consisting of hedge instruments
in low volume at stable asset prices. The second is a market structure consisting of speculative inst
traded in greater volume at volatile asset prices. These strategies are derived within the same fra
where the cost and the quality of the speculators’ information set and the hedgers risk aversion ul
determine which is the optimal one.
 2005 Elsevier Inc. All rights reserved.
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1. Introduction

How do exchanges deal with problems of potential market failure caused by informa
asymmetries and what is the role of financial innovation in this? In addressing this que
this paper develops two themes. The first theme is linked to the trading of financial instru
Hedging—where risk averse traders enter the financial market in order to hedge endo
risk—is one motive for trade. Informed speculation—where traders (not necessarily risk a
acquire information that can be used to earn profits—is another. These are linked in tha
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tly and
ulators who enter a market prey on hedgers. When the information asymmetry is large
forms of market failure may arise. The second theme is linked to the financial innovation p
which deals with which financial markets are open for trade. This process determines, in
the extent to which the trading venue can protect the hedgers from the predatory behavior
ulators. There is quite a large literature on financial innovation (seeDuffie and Rahi, 1995and
Allen and Gale, 1994for useful surveys) but some aspects addressed here are still unexp
In particular, this paper investigates how an exchange deals with the problem of market
while seeking to maximize its commission revenue. The exchange makes profits from ta
both the market for hedge instruments and the market for speculative instruments, but b
the activity of speculators generally interferes with the activity of hedgers the optimization
lem for the exchange is not a trivial one. This paper seeks to find a solution to this progra
relatively simple model, but nonetheless one in which the externalities of speculation on
motivated trade are clearly recognized.

The paper is motivated by stylized empirical evidence of a diversity of driving forces b
financial innovation. We observe general assets that tend to be exchange-traded, attracting
class of investors trading in large volume. We also observe special instruments, sold main
the-counter to a relatively limited market segment, and attracting a much lower trading vo1

Speculators thrive on instruments traded in large volume and should therefore be expe
interfere more with exchange-traded securities. If this is so, why are these markets so su
in avoiding market failure? We address this question by analyzing a simple model in
parameters describing the agents’ information set and risk aversion are varied to gener
variety of optimal markets. The quality of the speculators’ information set is crucial. Se
papers (e.g.Marín and Rahi, 2000andDow, 1998) analyze the incentives to trade a new secu
but fix the information structure. Others (e.g.Grossman and Stiglitz, 1980andBhushan, 1991)
endogenize the information acquisition process but take the market structure as fixed.2 This paper
provides a link between the two, and show that information structure and market structu
associated. When the information is sufficiently costly and precise the exchange choose
hedge securities only. Otherwise, the exchange lists speculative securities.

The fact that the information structure and the market structure are linked suggests th
volatility and trading volume of assets (driven by speculation) is also a function of the mark
which the asset is listed. The analysis demonstrates that the small hedge markets have low
volatility and lower trading volume than the general speculative markets. The innovation p
generates, therefore, two sets of markets. One set contains the markets for insurance ins
which are traded in low volume with stable asset prices. The other set contains the mark
speculative instruments which are traded sometimes in very high volume and have volati
prices.

Some of the key ideas here have been put forward elsewhere in slightly different co
Marín and Rahi (1999), for instance, show that speculation may be welfare improving, andDow
(1998)shows that listing an index can generate higher welfare than listing its constituents
rately. Unlike these papers, the decision to acquire information is endogenized in our mod
profitability of attracting speculative traders to a trading venue is, therefore, measurable
the context of the model. A closely related paper isHara (1995)which analyzes a similar prob

1 Note that some very high volume derivative markets such as the FRA and swap markets are over-the-count
link between trading volume and how trade is organized that is alluded to here is not as clear cut in practice.

2 There are security design papers in which security design and information acquisition incentives are join
endogenously determined (e.g.Back, 1993andBoot and Thakor, 1993).
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Section2 outlines the basic model. Section3 analyzes the problem of identifying the optim
financial innovation strategy for the exchange, and Section4 concludes.

2. The model

This section sets out the basic framework. There are two types of agents. The first type
averse with a strictly increasing and concave von Neumann–Morgenstern utility functionu. We
supposeu is a CARA (constant absolute risk aversion) utility function and takes the form

(1)u(x) = −exp(−γ x)

with risk aversion coefficientγ > 0. The risk averse agents are infinitesimal, indexed by
interval [0,1], and each exposed to a perfectly correlated endowment risk,w̃0. The second type
of agents is risk neutral. These agents, of which there are infinitely many, have access to
information about certain risk factors at a costc > 0 and are not infinitesimal so are able
recognize that their own actions can affect prices. Since the information cost is strictly p
and the gains from speculation are finite, there will be at most a finite subset of risk neutra
investing in information and participating in trade in any equilibrium.

Next we describe the financial system. There exists a trading venue—an exchange—in
financial assets or securities are traded. All participating in trading (hedging or speculation
pay a fixed commission fee, denotedT , levied by the exchange. The exchange seeks to lis
set of securities enabling it to maximize its total commission revenue. There are four risk f
in the economy,̃x, ỹ, R̃, and s̃. The first three are independent and bivariate+1/−1 random
variables where the two outcomes are equally likely. These random variables determine
ogenous uncertainty in the economy. Specifically, the financial assets available to the ex
take the form

(2)z̃i = x̃ + βiỹ

and the endowment risk of the risk-averse individuals takes the form

(3)w̃0 = R̃x̃.

The random variablẽR is private knowledge to the risk-averse agents. When a risk-neutral
vidual pays the information costc, he receives a signals̃ about the random variabley. This signal,
which is also a bivariate+1/−1 random variable, has the precision levelρ ∈ [0,1], defined by
the relationship

(4)Pr[ỹ = k | s̃ = k] = 1+ ρ

2
.

Whenρ = 0 the signal is uninformative, and whenρ = 1 the signal is perfect. Given that th
market for an asset is open the incoming orders are cleared by a market maker similarlyKyle
(1985). The market makers are risk-neutral agents who make zero expected profits cond
on the information that can be inferred from the order flow. We assume that each indi
market maker is restricted to observe the order flow in his market only, i.e. that it is not po
to observe the order flow across two or more markets before setting prices.
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The end-of-period wealth is

(5)w̃H = w̃0 +
∑

i

t iH (z̃i − p̃i) − T

for the agents who are risk averse, and

(6)w̃S = −c +
∑

i

t iS(z̃i − p̃i) − T

for those who are risk neutral. Here,t iH denotes the order by a risk-averse trader (hedger) in
market for securitỹzi andt iS denotes the corresponding order by a risk-neutral trader (specu
in the same market. The pricẽpi is the price set by the market maker for the market of securitz̃i .
The market maker in the market for securityz̃i makes the pricẽpi conditional on the aggrega
order flow in this market,t i , where

(7)t i = t iH + φtiS

whereφ is the number of the subset of the set of risk neutral agents who become info
All the informed agents receive the same signal, which may be correct or incorrect whe
likelihood of error depends on the precision level of the signal.

Before we proceed we list a few comments on the model specification above. The
related to the specification of fundamental risk. The model separates risk factors into
dom variable associated with hedging endowment shocks and an independent random
associated with speculation. One might wonder why this choice is made, especially as th
ature largely does not make this distinction. The primary reason is that we wish to inve
the incentive for pooling speculative and hedge-related risk in a setting where assets are
endogenously. Using the same random variable as the basis for both hedge driven trade a
ulation we exogenously impose a link between hedging and speculation that makes it diffi
analyze the issue of interest in this paper.

Next, we model the trade commission as a fixed cost. In practice such commissions
be a mixture of fixed and variable costs, e.g. a fixed trading commission and a bid–ask
Allen and Gale (1994)discuss this problem in Chapter 8 of their book and analyzes the effic
properties of a model in which exchanges can charge lump sum fees to cover their setu
Hara (1995), in contrast, assumes that the commission has no fixed cost component. Th
cost assumption is made here for two key reasons. Tractability is an important factor as
cost gives us a framework in which we are able to focus on the security design issue w
the interference brought about by a proportional cost element of trading. Also—and this p
related to the first—a fixed cost is optimal within the framework chosen (seeAllen and Gale’s,
1994). Fixed costs lead to inefficiencies through exclusion of agents (typically, those wit
trading motive) whereas variable costs lead to inefficiencies through limiting the trading ac
of the agents who do choose to enter the market. Here, since all hedgers are homogene
all speculators earn zero rent in ex ante terms, the costs of exclusion are zero.

Our model assumes that the market makers are prevented from observing the aggrega
flow in all but their own markets. If two linearly independent securities are listed in our m
the aggregate order flows reveal perfectly the speculative risk factorỹ. This follows from the
primitive specification of risk (i.e. that risk factors are a simple bivariate random variable
would not be true with a more realistic probabilistic structure. To avoid information revel
arising primarily on account of cross-market observations, therefore, we put restrictions
market makers’ information sets.
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The model also assumes the risk-averse agents are infinitesimal while the risk-neutra
are not. This assumption is added in order to avoid existence problems of equilibrium. Th
neutral agents acquire information ex ante in order to participate in speculative trading ex
we assume an equilibrium exists in which speculators acquire information ex ante it must
case that the expected trading profits ex post at least cover the information cost. This nece
both that speculative assets are listed and that the speculators who trade do not trade t
in order to prevent fully revealing prices for sure ex post. But clearly this is not possible if
agent is a price taker since he then has an incentive to exploit his informational advantag
fullest extent. On the other hand, if we assume an equilibrium exists in which no agent ac
information ex ante there exist unexploited speculative profits ex post when speculative
are listed. But this is also clearly not possible since some agents would have an incentive
information ex ante. To solve this type of existence problem we need to assume that th
neutral agents are not infinitesimal. We shall, however, make these agents sufficiently s
avoid problems associated with divisibility. With some abuse of notation, therefore, the
proceeds talking about a continuous finite “measure” of speculators although we really h
mind a finite number.

Finally, the model assumes that speculators receive perfectly correlated signals even
the signal is not necessarily perfect. This specification is chosen because of problems
to the law of large numbers. Even when speculators receive independent signals the n
the aggregate speculative order flow nonetheless goes to zero if sufficiently many spec
trade. That the market maker infers the asset payoffs better than any one speculator with
information is of course not unreasonable in itself, however, it does appear unrealistic giv
existing knowledge of how markets work in practice. Additionally, as is demonstrated lat
this case leads to non-existence of a trading equilibrium.

3. The optimal asset structure

This section seeks to derive the optimal asset structure which will be given as the solu
a maximization program for the exchange. This program specifies both the process of ch
which markets to open and how much to charge for access to these markets. The program
be stated as

(8)max
(β1,β2),T

(1+ φ)T .

The exchange seeks to list an asset structure consisting of at most two assets(β1, β2) and charge
a commission per trader ofT such that its total revenue, i.e. the total measure of hedgers
speculators times the commissionT , is maximized. The optimization program is subject t
participation constraint for the hedgers

(9)Eu(w̃H ) � Eu(w̃0)

and a non-negative expected profit constraints for the speculators

(10)E(w̃S | φ) � 0.

The inequality (10) may even in equilibrium be strict since the speculators are not infinite
However, if we adjust the size of each agent, e.g. by making them arbitrarily small, (10)
hold with equality in any equilibrium. The remainder of the analysis supposes that this
case.
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The program in (8) is also subject to the condition that all markets are cleared by a m
maker who sets prices in a competitive manner. The prices are, therefore, given by

(11)pi = E
(
x̃ + βiỹ | t i).

We restrict the asset structures to two assets described by the parameters(β1, β2). Now, it is true
that when there are only two risk factors a third asset is redundant in a spanning sense. H
Hara (1995)demonstrates that redundant assets can play a role because span is not the o
here. When the commission revenue is proportional to trading volume, the commission p
the individual hedger becomes a function of the particular insurance portfolio held. In some
the exchange may find it beneficial to sell certain portfolios at a discount, which can be ac
by listing a redundant asset. In other words, a redundant asset makes it possible to obtain
of price discrimination in the market for insurance portfolios. In our model price discrimin
is never an issue because the hedgers are identical. With a fixed fee commission and a h
neous group of hedgers the marginal cost of trading (conditional on the fact that it is opti
trade at all) is always zero such that the hedge portfolios are economically efficient even
exchange is a monopolist. Our model isolates, therefore, the interactive effects betwee
ing and speculation without including further interfering effects created by a volume-depe
transaction cost. Within our framework, consequently, the restriction to maximally two a
leads to no loss of generality.

The first step is to analyze the trading behavior of the traders who actively trade on t
change. The hedgers’ optimization program is stated as

(12)max
t1
H ,t2

H

Eu(w̃H )

subject to

(13)w̃H = w̃0 + t1
H (z̃1 − p̃1) + t2

H (z̃2 − p̃2).

In order to obtain the optimal hedge demand functions we need to take into account pri
mation in the market maker markets. The following lemma establishes a price formation p
consistent with the zero profit condition for the market makers. Before we proceed, ho
we need to make assumptions describing the trading strategy of the informed speculato
informed speculators are assumed to adoptsymmetric trading strategies where they are buyin
as many units on good information as they are selling on bad information in all open ma
This assumption is firstly a very natural one in an otherwise symmetric model. Secondly, i
really a restrictive one. We could envisage the speculators were to trade asymmetrically, e
more aggressively on good information than they sell on bad, in which case the market
would expect to go short in the stock to make up for the disproportionally (in expectatio
gressive speculative buying pressure. The speculative gains to the speculators and the
the hedgers would, however, be exactly the same as it would be under symmetric trading
would change is the market maker’s price setting rule, but this change absorbs on the oth
all the effects from asymmetric trading.Lemma 1gives, therefore, the price setting rule for t
symmetric case only.

Lemma 1. Suppose the speculators adopt symmetric trading strategies. If φ = 0 then pi = 0.
Otherwise, the price-setting rule,

(14)pi = E
[
z̃i | t i] =

ρβi if t i > 0,

0 if t i = 0,
i
−ρβi if t < 0,
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is the only one that in equilibrium is such that the asset prices equal the expected asset payoffs
conditional on the aggregate order flows.

Lemma 1illustrates the convenience of the chosen uncertainty structure. Prices are
completely non-informative or fully revealing. When there are no speculators entering the
ket, the prices must always be non-informative by the zero-profit condition of the market m
If speculators are entering the market, the price becomes very sensitive to asymmetric ag
demand, i.e. the market becomes very “shallow.” This is necessary as a device to discip
speculators’ trading activities. If the market maker allows “depth” in the market it would al
be optimal for some speculator (particularly if small) to deviate from a given strategy pus
aggregate demand away from zero. It is, therefore, only when the aggregate demand is
equilibrium that the price is also set at zero and the price responds infinitely quickly to
buying and selling pressure at this point.

Lemma 1restricts, in effect, the search of equilibria in which speculators operate to tho
which prices are non-informative if and only if the aggregate order flow is zero. The follo
result, based onLemma 1, derives the optimal demand schedules for the hedgers. Here
assumed by convention that asset 2 is always the most speculative asset, i.e. thatβ2 � β1. This
convention is kept throughout the remaining parts of the paper.

Proposition 1. The optimal demand schedules for the hedgers are given by two functions
t1
H (β1, β2, ρ) and t2

H (β1, β2, ρ) satisfying the condition(
1+ β1

(
1− ρ(1− ρ)

2

))
t1
H +

(
1+ β2

(
1− ρ(1+ ρ)

2

))
t2
H

(15)= 1+ ln

(
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

) 1
2γ

.

This relationship is defined only if β2 > β1/(1− ρβ1) � 0.

Proposition 1highlights the restrictions imposed on the demand functions of the he
by the equilibrium conditions. It remains to identify these functions; this is the subject fo
next result. Crucial here are the issues of existence and uniqueness.Hara (1995)demonstrates
problems with existence in his framework, and it will be shown that this is also a problem
framework for certain parameters. Where existence can be demonstrated, however, we s
uniqueness obtains. The optimal order flows, i.e. the functions that satisfy Eq.(15) together with
the first-order conditions for expected utility maximization, are given below.

Proposition 2. The optimal order flows satisfying the relationship in (15) are given by

(16)
∣∣t1

H

∣∣ = β2(1− ρ(1+ ρ)/2)

β2(1− ρ(1+ ρ)/2) − β1(1− ρ(1− ρ)/2)

(
1+ ln

(
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

) 1
2γ

)
,

(17)
∣∣t2

H

∣∣ = β1(1− ρ(1− ρ)/2)

β2(1− ρ(1+ ρ)/2) − β1(1− ρ(1− ρ)/2)

(
1+ ln

(
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

) 1
2γ

)
where sign(t1

H ) = −sign(t2
H ). These are well defined only if ρ < 1, β1 < 1

ρ
, and finally

β2 > max

(
β1

1− ρβ1
,

1− ρ(1− ρ)/2

1− ρ(1+ ρ)/2
β1

)
.
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We are unable to define functions describing the hedge demand for the case where th
lators have perfect information (i.e.ρ = 1). The sumt1

H + t2
H equals the right-hand side in (15)

so the functional forms are ultimately defined by the relationship

β1

(
1− ρ(1− ρ)

2

)
t1
H + β2

(
1− ρ(1+ ρ)

2

)
t2
H = 0.

At the point of perfect information, the coefficient ont2
H , β2(1 − ρ(1+ ρ)/2), vanishes. The

only feasible candidate is, therefore,

t1
H = 0 and t2

H = 1+ ln

(
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

) 1
2γ

,

but in this case the agents trade in only one market at the same time as submitting order
depend partially on the non-traded asset. This is, of course, nonsense, so for this special c
exists no optimal order flows satisfying the first-order conditions. Existence is also res
when the information is imprecise. One asset has an upper bound on the relative loading
speculative risk factor and the other asset has a lower bound on this loading. The reaso
bounds come into play is to prevent the assets becoming too similar. When that happe
hedgers are forced to trade in too high volume, typically by taking a large long position i
asset and an offsetting large short position in the other in order to generate the desired
effect. However, since higher volume is associated with higher adverse selection cost
exists no optimal hedge demand when the assets are too similar. This is also the reason
bounds weaken as the precision of the information signal is reduced.

We return to the problem of deriving the level of speculation in the market. Each spec
expects trading profitE(w̃S | φ), which is a function of the mass of the speculators,φ. The spec-
ulators, therefore, need to make their trades conditional on the number of speculators e
the market. It is also apparent that the more the hedgers trade (in absolute terms) the m
speculator is able to trade since the speculators’ profit is increasing in the hedge motivat
ing volume. The more the hedgers trade, therefore, the more speculators enter the mar
expected speculative gains for each speculator can, consequently, be derived as follows:

E(w̃S) = 1+ ρ

2

(
1

2

(∣∣t1
S

∣∣β1(1− ρ) + ∣∣t2
S

∣∣β2
) + 1

2

(∣∣t1
S

∣∣β1 + ∣∣t2
S

∣∣β2(1− ρ)
))

+ 1− ρ

2

(
1

2

(∣∣t1
S

∣∣β1(−1− ρ) + ∣∣t2
S

∣∣β2(−1)
)

(18)+ 1

2

(∣∣t1
S

∣∣β1(−1) + ∣∣t2
S

∣∣β2(−1− ρ)
)) − T − c

(19)= ρ

2

∣∣t1
S

∣∣β1 + ρ

2

∣∣t2
S

∣∣β2 − T − c.

Taking into account the constraints on speculation given by Eqs.(16), (17)and the zero-profi
condition by Eq.(10), we obtain the following result which also establishes the optimal stra
for setting commission fees for the traders.

Proposition 3. The trading commission T is determined (given β1 and β2) at the point where the
participation constraint for hedgers is binding. When the non-negative profit condition for the
speculators hold with equality, the mass of speculative traders entering the market is then given
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(20)

φ(T ) = β1β2ρ
(
1− ρ

2

)
(T + c)

(
β2

(
1− ρ(1+ρ)

2

) − β1
(
1− ρ(1−ρ)

2

))(
1+ ln

(
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

) 1
2γ

)
.

The next step is to work out an exact expression for the trade commissionT . Using the fact
that the participation constraint for the hedgers is always binding this is straightforward. S
tuting the optimal market orders given inProposition 2into the table showing state continge
wealth (given inAppendix A), we find an expression for the expected utility in which the tr
commissionT can be isolated:

(21)E
(
u(w̃H )

) = −exp(γ T )E
(
exp

(
Ã(β1, β2, ρ)

))
.

We detail inProposition 4the form of the functionÃ. At the point where the hedgers achiev
perfect hedge without the interference of speculation the term exp(A) = 1 so the trade commis
sion is given by the numberT defined by

E
(
u(w̃H )

) = −exp(γ T ) = −exp(γ ) + exp(−γ )

2
= E

(
u(w̃0)

)
where the right-hand side is the no-trading expected utility (i.e. the outside option fo
hedgers). Therefore, in this particular case,

T = 1

γ
ln

(
cosh(γ )

)
and this is also the maximum trade commission the exchange can levy on the traders w
to hedge their endowment risk.

Proposition 4. The profit-maximizing trade commission, given an asset structure for which a
trading equilibrium exists, is

(22)T = 1

γ
ln

(
cosh(γ )

) − 1

γ
ln

(
E exp

(
Ã(β1, β2;γ,ρ)

))
where the function Ã is given by

A = ± ln

(
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

) 1
2γ

(23)±
(
1+ ln

(β2−β1+ρβ1β2
β2−β1−ρβ1β2

) 1
2γ

)
ρβ1β2

β2
(
1− ρ(1+ρ)

2

) − β1
(
1− ρ(1−ρ)

2

) {(
1+ ρ(1−ρ)

2

)
, if signal s = 1,(

1− ρ(3−ρ)
2

)
, if signal s = −1,

where the first sign is positive if and only if x = 1 and the next sign is negative if and only if the
information signal of the speculators is true.

We now have sufficient data to start the main part of the analysis which deals with findi
optimal financial innovation program for the exchange. Recalling the objective function i
we can now eliminate the variablesT andφ(T ) as these are given as functions of the variab
γ , ρ, β1, andβ2. We find, moreover, that we can rewrite the objective function as a maximiz
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program over the asset structure(β1, β2) only:

(24)max
(β1,β2)

(
1+ φ(T )

)
T

whereφ(T ) is given byProposition 3andT is given byProposition 4. Substituting for these, w
find the explicit functional form of the objective function. A problem persists in operational
the maximization program, and a particular obstacle is the term ln(E exp(Ã)) from (22). It is
useful in this respect to transform the objective function using the hyperbolic sine and
functions to express this term. Some straightforward but lengthy transformations deriv
following expression from (24) which enables us to proceed.

max
β1,β2

Π = ln

(
cosh(γ )

1
4

∑
i cosh(i) − ρ sinh(i)

) 1
γ

(25)+
ln

(
cosh(γ )

1
4

∑
i cosh(i)−ρ sinh(i)

) 1
γ

c + ln
(

cosh(γ )
1
4

∑
i cosh(i)−ρ sinh(i)

) 1
γ

ρ

(
1− ρ

2

)
κ
(
1+ ln δ

1
2γ

)

where

(26)δ = β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2
,

(27)κ = β1β2

β2(1− ρ(1+ ρ)/2) − β1(1− ρ(1− ρ)/2)
,

andi = a, b, c, d , where

(28)a = ln δ

2γ

(
1− κρ

(
1+ ρ(1− ρ)/2

)) − κρ
(
1+ ρ(1− ρ)/2

)
,

(29)b = ln δ

2γ

(
1− κρ

(
1− ρ(3− ρ)/2

)) − κρ
(
1− ρ(3− ρ)/2

)
,

(30)c = ln δ

2γ

(−1− κρ
(
1+ ρ(1− ρ)/2

)) − κρ
(
1+ ρ(1− ρ)/2

)
,

(31)d = ln δ

2γ

(−1− κρ
(
1− ρ(3− ρ)/2

)) − κρ
(
1− ρ(3− ρ)/2

)
.

At the cornerβ1 = 0 the exchange lists a single instrument that depends on the hedge rx̃)
only. At this corner, moreover, we find that the transformed variablesδ andκ take on the value
1 and 0, respectively. Substituting these values into the system(25)–(31)fixes the profit of the
exchange to the number ln(cosh(γ ))1/γ , which equals the trade commission levied on the
mass of hedgers when their participation constraint is just binding. The profit goes to ze
γ → 0, confirming the intuition that at the point at which the hedgers become risk neutr
exchange makes no profits by opening markets for insurance instruments. The corner so
β1 = 0 is particularly interesting as it can be shown to be optimal for a certain range of pa
ters. For all remaining cases where a trading equilibrium exist, we find that an interior so
involving listing speculative securities, is optimal. The specific conditions are given below
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Proposition 5. The corner solution δ = 1 and κ = 0 is suboptimal provided the information cost
is not too great, in particular,

(32)ρc < ln
(
cosh(γ )

)
and that the hedgers are sufficiently risk averse, in particular,

(33)γ >
ln(cosh(γ ))

ln(cosh(γ )) − ρc
.

In this case there always exists an optimal interior solution where the exchange lists speculative
securities only. If the bounds in (32) or (33) are violated, the exchange always picks the corner
solution β1 = 0 (where δ = 1 and κ = 0) and lists a single hedge instrument which depends on x̃

risk only.

The inequality in(32) has a fairly straightforward interpretation. The right-hand side is
effect, a measure of the strength of the hedging motive. It takes value zero when the h
are risk neutral, and is increasing in the risk aversion coefficientγ . If the adverse selection co
is large relative to the strength of the hedging motive the inequality cannot be satisfied,
hedgers withdraw from trade too quickly. The left-hand side is the product of the precisio
rameter and the information cost. The left-hand side is partly measuring the adverse se
problem caused by informed speculation. As the precision parameterρ increases, the informa
tional advantage of the speculators increases. That speculators appropriate rent from the
is obviously harmful to the exchange, which then must reduce the commission levied
hedgers to maintain their participation constraint. The left-hand side also measures the in
of the influx of speculators. As the information costc increases, the speculators must make
for the higher information cost by making bigger speculative profits. This means fewer sp
tors arrive, and this is also harmful to the exchange as the commission raised from specu
reduced. Cheap and imprecise information coupled with a strong non-informative hedge
are, therefore, associated with speculative markets.

Also, we find that the risk aversion coefficient must be greater than

ln(cosh(γ ))

ln(cosh(γ )) − ρc
> 1

in order that the exchange lists speculative securities (Eq.(33)). The intuition for this is also
relatively straightforward. Unless the hedgers are sufficiently risk averse, the loss of trad
mission necessary to maintain the hedgers participation constraint is never compensate
extra commission revenue generated by the influx of speculators. Risk aversion does, th
play a certain role in speculative markets.

The main message is, however, that the financial innovation process links certain infor
structures, defined by the price and quality of private information available, with certain m
structures. Taking this further, we should also expect that the price volatility is a functi
market structure. Since speculators are discouraged to operate in certain markets but enc
in others, we expect the degree of information revelation in prices to vary also. A spe
insurance market where the instrument traded does not depend on speculative risk has z
volatility and unit payoff volatility (by normalization). A market that is part of an asset struc
that attracts speculation has, in contrast, strictly positive price volatility. The price variance
Lemma 1) is given by

(34)Var(p̃i) = ρ2

β2
i > 0
2
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whereas the payoff variance is given by

(35)Var(z̃i ) = 1+ β2
i .

Consequently, a speculative market has higher price volatility asρβi/
√

2> 0, it has higher payof

volatility as
√

1+ β2
i > 1, and higher relative price-to-payoff volatility asρβi/

√
2(1+ β2

i ) > 0.
The “extra” price volatility associated with speculative markets is, however, not akin to e
volatility as defined byShiller (1981). The price-to-payoff volatility is always less than one.

Also, we expect that market structure and trading volume are linked. The trading volum
specialist insurance market is (by normalization) equal to 1. The trading volume in a spec
market equals

(36)
∣∣t iH ∣∣ + φ

∣∣t iS∣∣ = 2
∣∣t iH ∣∣

and we shall demonstrate that for at least one market this is always greater than twice the
volume in a pure hedge market. To see this, suppose lnδ1/(2γ ) < 1, in which case

(37)
∣∣t1

H

∣∣ + ∣∣t2
H

∣∣ >
β2

(
1− ρ(1+ρ)

2

) + β1
(
1− ρ(1−ρ)

2

)
β2

(
1− ρ(1+ρ)

2

) − β1
(
1− ρ(1−ρ)

2

)
by the fact thatδ > 1. Subtracting|t2

H | from both sides, we obtain the inequality

(38)
∣∣t1

H

∣∣ > 1+ (
1− ln δ

1
2γ

) β1
(
1− ρ(1−ρ)

2

)
β2

(
1− ρ(1+ρ)

2

) − β1
(
1− ρ(1−ρ)

2

)
which is greater than 1 by assumption. Now suppose lnδ1/(2γ ) � 1, which implies that

(39)
∣∣t1

H

∣∣ + ∣∣t2
H

∣∣ � 2
β2

(
1− ρ(1+ρ)

2

) + β1
(
1− ρ(1−ρ)

2

)
β2

(
1− ρ(1+ρ)

2

) − β1
(
1− ρ(1−ρ)

2

) > 2

so also in this case|t1
H | or |t2

H | is greater than 1.

4. Concluding remarks

This paper seeks to understand how an exchange applies financial innovation to attrac
timal number of speculators to its markets. The existing literature points to the fact that att
too many can be harmful since speculators prey on the existing uninformed traders wh
insurance for preference shocks. The paper demonstrates that some speculation can be
as it generates extra profits for the exchange and, in particular, the exchange is keen to
speculators who have access to cheap and imprecise private information when the hed
relatively risk averse. The paper establishes, therefore, a link between the information st
of traders and the market structure in which they trade. Where the information costs too
and the asymmetry between the informed and uninformed traders is too big, the financial
tion process separates those who trade to buy insurance and those who speculate. In the
case the financial innovation process brings them together in the same trading venue wh
both trade securities that are speculative.
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Appendix A. Proofs

Proof of Lemma 1. We consider only a single market, hence dropping the indexi. Whenφ = 0
the order flow is always non-informative so the price must be zero. Considerφ > 0. The spec-
ulators make their orders contingent on their information and it is straightforward to narro
optimal strategy down to the one in which they buy the asset given one signal and sell i
the other. The amount traded by the hedgers is a number+a or −a by the symmetry of the
model. The amount traded by the speculators is+b1 or −b2 (depending on their signal), whe
a, b1, b2 > 0. The aggregate order flow is, therefore, a number

(A.1)t ∈ {−a + φb1, a + φb1, a − φb2,−a − φb2}.
This number is fully revealing if the values are distinct, but in this case speculation is incon
with equilibrium. Obviously,a + φb1 > 0 and−a − φb2 < 0 can never be equal so we are l
with the possibility that

(A.2)−a + φb1 = a − φb2.

Since the speculators trade the same number of units in both directions,

(A.3)−a + φb1 = a − φb2 = 0

which proves the lemma.�
The following showing the state-contingent wealth for the hedgers is useful for the proo

follow. Table A.1is derived usingLemma 1.
The table assumesφ > 0 and that the price formation depends on the direction of the he

motivated demand: when the hedgers sell assetz̃i (wherei equals 1 or 2) the price equals−ρβi

when ỹ = −1 and 0 otherwise; and when the hedgers buy assetz̃i the price equalsρβi when

Table A.1

Prob x̃ ỹ s̃ Wealth

1+ρ
8 1 1 1 −1− T + t i

H
(1+ βi(1− ρ)) + t

j
H

(1+ βj )

1+ρ
8 1 −1 −1 −1− T + t i

H
(1− βi) + t

j
H

(1− βj (1− ρ))

1+ρ
8 −1 1 1 1− T + t i

H
(−1+ βi(1− ρ)) + t

j
H

(−1+ βj )

1+ρ
8 −1 −1 −1 1− T + t i

H
(−1− βi) + t

j
H

(−1− βj (1− ρ))

1−ρ
8 1 1 −1 −1− T + t i

H
(1+ βi) + t

j
H

(1+ βj (1− ρ))

1−ρ
8 1 −1 1 −1− T + t i

H
(1− βi(1− ρ)) + t

j
H

(1− βj )

1−ρ
8 −1 1 −1 1− T + t i

H
(−1+ βi) + t

j
H

(−1+ βj (1− ρ))

1−ρ
8 −1 −1 1 1− T + t i

H
(−1− βi(1− ρ)) + t

j
H

(−1− βj )
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ỹ = 1 and 0 otherwise. Furthermore, the table also assumes (without loss of generality) t
hedgers are exposed to a negative endowment shock—w̃0 = −x̃. Moreover, it is assumed th
they buy z̃i and sellz̃j . The case that̃w0 = x̃ implies the same conditions on the first ord
conditions for utility maximization for the hedgers given that they sellz̃i and buyz̃j . Although
not demonstrated here, it is straightforward to show that the hedgers would never buy bot
or sell both assets at the same time.

Proof of Proposition 1. Here we use the transformation that lnτ i
H = t iH , and the first orde

conditions are derived differentiation with respect toτ i
H rather thant iH . There are two first orde

conditions:

(A.4)
∂

∂τ1
H

Eu(w̃H ) = 0,

(A.5)
∂

∂τ2
H

Eu(w̃H ) = 0.

Using the table above (which assumes thatt1
H > 0 and t2

H < 0) we find that these imply th
following system

(A.6)A + (B + ρC2)β1 + ρ(C1 − C2)β1 = 0,

(A.7)A + (B + ρC2)β2 = 0,

where

(A.8)

A = exp(γ )
(
1+ x−ρyρ

)(
(1+ ρ)x + (1− ρ)y

)
− exp(−γ )

(
1+ xρy−ρ

)(
(1+ ρ)y−1 + (1− ρ)x−1),

(A.9)

B = exp(γ )
(
1− x−ρyρ

)(
(1+ ρ)x + (1− ρ)y

)
− exp(−γ )

(
1− xρy−ρ

)(
(1+ ρ)y−1 + (1− ρ)x−1),

(A.10)

C1 − C2 = − exp(γ )
(
1+ x−ρyρ

)(
(1+ ρ)x − (1− ρ)y

)
− exp(−γ )

(
1+ xρy−ρ

)(
(1+ ρ)y−1 − (1− ρ)x−1),

(A.11)

C2 = exp(γ )
(
(1+ ρ)x1−ρyρ − (1− ρ)y

)
+ exp(−γ )

(
(1+ ρ)y−1 − (1− ρ)x−1+ρy−ρ

)
,

where thex andy variables are the following transformations of the hedge demands:

(A.12)x = (
τ1
H

)−γ (1+β1(1−ρ))(
τ2
H

)−γ (1+β2),

(A.13)y = (
τ1
H

)−γ (1+β1)
(
τ2
H

)−γ (1+β2(1−ρ))
.

Using the fact that the second first order condition implies

(A.14)B + ρC2 = − A

β2
,

we can substitute the second equation into the first, and obtain the optimality condition

(A.15)A = −ρ
β1β2

β2 − β1
(C1 − C2).
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Using the definition ofA and C1 − C2 above, we find that the first order conditions can
reduced to

(A.16)exp(−2γ )x−(1−ρ)y−(1+ρ) = β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2
.

It is clear that any solution to(x, y) must be inR2++, so the left-hand side is always positive. A s
lution will never exist, therefore, if the right-hand side is negative. This implies non-existen
an optimal demand schedules for the hedgers if the right-hand side is zero or negative. H

(A.17)β2 >
β1

1− ρβ1
� 0.

Returning to the problem of identifying the optimal hedge demands, we substitute(A.12) and
(A.13) into (A.16) to derive the relationship

(A.18)
(
τ1
H

)2γ
(
1+β1

(
1− ρ(1−ρ)

2
))

+ (
τ2
H

)2γ
(
1+β2

(
1− ρ(1+ρ)

2
))

= exp(2γ )
β2 − β1 + ρβ1β2

β2 − β1 − ρβ1β2

which implies, taking logarithms on both sides, Eq.(15). �
Proof of Proposition 2. We need to show that ift iH , i = 1,2 satisfy the set of first order con
ditions then no other solution exists. Any other solutionf 1 andf 2 can, however, be written a
f 1 = t1

H + g1 andf 2 = t2
H + g2 for suitable functionsg1 andg2. Substitutingf 1 andf 2 into

the first order conditions for utility maximization and defining

(A.19)x′ = exp
(
f 1)−γ (1+β1(1−ρ)) exp

(
f 2)−γ (1+β2)

and

(A.20)y′ = exp
(
f 1)−γ (1+β1) exp

(
f 2)−γ (1+β2(1−ρ))

we find that the functionsg1 andg2 must also satisfy the conditions

(A.21)
x′

y′ = x

y
exp

(
g1)γρβ1 exp

(
g2)γρβ2) = x

y

and

(A.22)x′y′ = xy exp
(
g1)−2γ (1+β1)+γρβ1 exp

(
g2)−2γ (1+β2)+γρβ2 = xy.

Clearly, the only functions that satisfy these constraints areg1 = g2 = 0. �
Proof of Proposition 3. For the second part we recognize that|t iS |φ = |t iH | for i = 1,2 (by
Lemma 1) so the equilibrium condition becomes

(A.23)
ρ

2

|t1
H |
φ

β1 + ρ

2

|t2
H |
φ

β2 − T − c = 0

and rearranging this equation yields(20). For the first part we need to show thatT will always
be chosen such that the participation constraint is binding. Assume that it is not binding,
a result, the exchange makes a profit(1 + φ)T . If the exchange keepsT constant at the sam
time as making the hedgers slightly worse off and the speculators slightly better off, the
is an increase inφ and, consequently, an increase in the profits of the exchange. We n
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inspect the feasibility of such a strategy. Consider first strategies described by the dir
dβ2 = (1− ρβ1)

−2 dβ1 since these ensure that the constraintβ2 > β1/(1− ρβ1) is not violated.
We find

(A.24)dφ = ∂φ

∂β1
dβ1 + ∂φ

∂β2
dβ2 =

(
∂φ

∂β1
+ ∂φ

∂β2
(1+ ρβ1)

−2
)

dβ1

and it suffices to demonstrate that the expression inside the bracket is not zero. Working
partials we find (using the transformation of variables defined in(26)and(27))

(A.25)

∂φ

∂β1
= ρ

(
1− ρ

2

)
κ

T + c

(
1+ ln δ

1
2γ

β1
+

(
1− ρ(1−ρ)

2

)
κ
(
1+ ln δ

1
2γ

)
β1β2

+ ρβ1β2 + ρβ2
2

2γ δ(β2 − β1 − ρβ1β2)2

)

and

(A.26)

∂φ

∂β2
= ρ

(
1− ρ

2

)
κ

T + c

(
1+ ln δ

1
2γ

β1
−

(
1− ρ(1−ρ)

2

)
κ
(
1+ ln δ

1
2γ

)
β1β2

− ρβ1β2 + ρβ2
1

2γ δ(β2 − β1 − ρβ1β2)2

)
.

Clearly, both are non-zero and

∂φ

∂β1
�= ∂φ

∂β2
(1− ρβ1)

2.

We can do a similar analysis for the constraint that

β2 >
1− ρ(1− ρ)/2

1− ρ(1+ ρ)/2
β1

which yields the same result. The proposition follows.�
Proof of Proposition 4. The relationship defining the optimal commission feeT is

(A.27)Eu(w̃0) = Eu(w̃H )

wherew̃0 is a+1/ − 1 bivariate random variable and̃wH is given by the table above. The le
hand side equals−cosh(γ ) and the right-hand side equals−exp(γ T )E exp(Ã). The functionÃ
is obtained by multiplying the state-contingent wealth in the table above (ignoring the term−T )
by −γ . The optimal commission fee is, therefore, obtained by taking logs on both sides
above relationship, i.e.

(A.28)T = 1

γ
ln cosh(γ ) − 1

γ
lnE exp

(
Ã

)
and the proof is complete.�
Proof of Proposition 5. Let Π denote the objective function in(25), and denote byC the ratio

(A.29)C =
ln

(
cosh(γ )

1
4

∑
i cosh(i)−ρ sinh(i)

) 1
γ

c + ln
(

cosh(γ )
1
4

∑
i cosh(i)−ρ sinh(i)

) 1
γ

.
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30)

lem
The partials∂Π/∂δ and∂Π/∂κ are given by

∂Π

∂δ
= Cρ

(
1− ρ

2

)
κ

2γ δ

(A.30)−
∑

i (sinh(i) − ρ cosh(i)) ∂i
∂δ

γ
∑

i cosh(i) − ρ sinh(i)

(
1+ ρ

(
1− ρ

2

)(
1+ ln δ

1
2γ

)
cκ

γ
(
c + ln

( cosh(γ )
1
4

∑
i cosh(i)−ρ sinh(i)

) 1
γ

)2

)

and

∂Π

∂κ
= Cρ

(
1− ρ

2

)(
1+ ln δ

1
2γ

)
(A.31)−

∑
i (sinh(i) − ρ cosh(i)) ∂i

∂κ

γ
∑

i cosh(i) − ρ sinh(i)

(
1+ ρ

(
1− ρ

2

)(
1+ ln δ

1
2γ

)
cκ

γ
(
c + ln

( cosh(γ )
1
4

∑
i cosh(i)−ρ sinh(i)

) 1
γ

)2

)
.

At the corner pointδ = 1 andκ = 0 it can easily be confirmed that the second term in (A.
vanishes, so

(A.32)
∂Π

∂δ
= 0

since κ = 0. Similarly, it can also be confirmed that the second term in(A.31) equals
−(ρ/γ )ρ(1− ρ/2), so

(A.33)
∂Π

∂κ
= ρ

(
1− ρ

2

)(
C − ρ

γ

)
.

This expression is positive if and only if

c <
ln cosh(γ )

ρ
and γ >

ln(cosh(γ ))

ln(cosh(γ )) − ρc
.

It suffices (since the feasibility space is open) to demonstrate existence by evaluating(A.30) and
(A.31) at the upper bound, which is either at the limit whereδ → ∞ or whereκ → ∞ (note that
the partials∂δ/∂βi and∂κ/∂βi are both non-zero everywhere in the interior). The main prob
evaluating these expressions is linked to the terms∑

i (sinh(i) − ρ cosh(i)) ∂i
∂j

γ
∑

i cosh(i) − ρ sinh(i)
,

wherej = δ, κ . We can, however, rewrite these terms in the following way:∑
i (sinh(i) − ρ cosh(i)) ∂i

∂δ

γ
∑

i cosh(i) − ρ sinh(i)

(A.34)=
(
1− δ

− 1
γ
)
(K1 + K2) + (

1+ δ
− 1

γ
)
κρ

((
1+ ρ(1−ρ)

2

)
L1 + (

1− ρ(3−ρ)
2

)
L2

)
2δγ 2

(
1+ δ

− 1
γ
)
(K1 + K2) + (

1− δ
− 1

γ
)
(L1 + L2)

and
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∑
i (sinh(i) − ρ cosh(i)) ∂i

∂κ

γ
∑

i cosh(i) − ρ sinh(i)

(A.35)= δ
1

2γ
(
1+ δ

− 1
γ
)(

1+ ln δ
1

2γ
)
ρ
((

1+ ρ(1−ρ)
2

)
L1 + (

1− ρ(3−ρ)
2

)
L2

)
2δγ 2

(
1+ δ

− 1
γ
)
(K1 + K2) + (

1− δ
− 1

γ
)
(L1 + L2)

,

where

K1 = 1+ exp
(−2κρ

(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

+ ρ
1− exp

(−2κρ
(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

,

K2 = exp

(
−κρ

4ρ(1− ρ)

2

(
1+ ln δ

1
2γ

))(
1+ exp

(−2κρ
(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

+ ρ
1− exp

(−2κρ
(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

)
,

L1 = 1− exp
(−2κρ

(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

+ ρ
1+ exp

(−2κρ
(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

,

L2 = exp

(
−κρ

4ρ(1− ρ)

2

(
1+ ln δ

1
2γ

))(
1− exp

(−2κρ
(
1+ ρ(1−ρ)

2

)(
1+ ln δ

1
2γ

))
2

+ ρ
1+ exp(−2κρ(1+ ρ(1−ρ)

2 )(1+ ln δ
1

2γ ))

2

)
.

The limits of these terms are, therefore, limδ,κ→∞ K1,L1 = 1/2 and limδ,κ→∞ K2,L2 = 0.
Using this information in evaluating(A.30) and(A.31) we find

(A.36)lim
δ→∞

∂Π

∂δ
= 0

and

(A.37)lim
δ→∞

∂Π

∂κ
=

{
−∞ if γ � 1

2,

0 otherwise

for the bound defined byδ → ∞, and

(A.38)lim
κ→∞

∂Π

∂δ
,
∂Π

∂κ
= −∞

for the bound defined byκ → ∞. Ignoring the case whereγ � 1/2, since in this case the corn
solution is optimal, we can use the following argument to demonstrate existence. It is e
confirm that the boundary point described byδ is in effect only if

β1 >
ρ

1− ρ(1− ρ)/2
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eory 65,

r. Econ.
(using the rule that

max

(
β1

1− ρβ1
,

1− ρ(1− ρ)/2

1− ρ(1+ ρ)/2

)
= 1

1− ρβ1
).

However, along the boundary points the exchange is indifferent for all choices ofβ1 andβ2,
including those for which

β1 � ρ

1− ρ(1− ρ)/2
,

in which case the exchange always prefers an interior point.�
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