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Abstract

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

How do exchanges deal with problems of potential market failure caused by informational
asymmetries and what is the role of financial innovation in this? In addressing this question,
this paper develops two themes. The first theme is linked to the trading of financial instruments.
Hedging—where risk averse traders enter the financial market in order to hedge endowment
risk—is one motive for trade. Informed speculation—where traders (not necessarily risk averse)
acquire information that can be used to earn profits—is another. These are linked in that spec-
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ulators who enter a market prey on hedgers. When the information asymmetry is large various
forms of market failure may arise. The second theme is linked to the financial innovation process
which deals with which financial markets are open for trade. This process determines, in effect,
the extent to which the trading venue can protect the hedgers from the predatory behavior of spec-
ulators. There is quite a large literature on financial innovation (sgée and Rahi, 199%nd

Allen and Gale, 1994or useful surveys) but some aspects addressed here are still unexplored.
In particular, this paper investigates how an exchange deals with the problem of market failure
while seeking to maximize its commission revenue. The exchange makes profits from targeting
both the market for hedge instruments and the market for speculative instruments, but because
the activity of speculators generally interferes with the activity of hedgers the optimization prob-
lem for the exchange is not a trivial one. This paper seeks to find a solution to this program in a
relatively simple model, but nonetheless one in which the externalities of speculation on hedge
motivated trade are clearly recognized.

The paper is motivated by stylized empirical evidence of a diversity of driving forces behind
financial innovation. We observe general assets that tend to be exchange-traded, attracting a broad
class of investors trading in large volume. We also observe special instruments, sold mainly over-
the-counter to a relatively limited market segment, and attracting a much lower trading Volume.
Speculators thrive on instruments traded in large volume and should therefore be expected to
interfere more with exchange-traded securities. If this is so, why are these markets so successful
in avoiding market failure? We address this question by analyzing a simple model in which
parameters describing the agents’ information set and risk aversion are varied to generate this
variety of optimal markets. The quality of the speculators’ information set is crucial. Several
papers (e.gMarin and Rahi, 200@ndDow, 199§ analyze the incentives to trade a new security
but fix the information structure. Others (e@rossman and Stiglitz, 198hdBhushan, 1991
endogenize the information acquisition process but take the market structure @sThisghaper
provides a link between the two, and show that information structure and market structure are
associated. When the information is sufficiently costly and precise the exchange chooses to list
hedge securities only. Otherwise, the exchange lists speculative securities.

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

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

1 Note that some very high volume derivative markets such as the FRA and swap markets are over-the-counter, so the
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 jointly and
endogenously determined (eBack, 1993andBoot and Thakor, 1993
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lem but uses a framework in which there are no informational asymmetries and, therefore, no
speculation.

Section2 outlines the basic model. SectiBranalyzes the problem of identifying the optimal
financial innovation strategy for the exchange, and Sedtiooncludes.

2. Themode€

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

u(x) = —exp(—yx) (1)

with risk aversion coefficieny > 0. The risk averse agents are infinitesimal, indexed by the
interval [0, 1], and each exposed to a perfectly correlated endowmenti#igKlhe second type

of agents is risk neutral. These agents, of which there are infinitely many, have access to private
information about certain risk factors at a cest 0 and are not infinitesimal so are able to
recognize that their own actions can affect prices. Since the information cost is strictly positive
and the gains from speculation are finite, there will be at most a finite subset of risk neutral agent
investing in information and participating in trade in any equilibrium.

Next we describe the financial system. There exists a trading venue—an exchange—in which
financial assets or securities are traded. All participating in trading (hedging or speculation) must
pay a fixed commission fee, denot&dlevied by the exchange. The exchange seeks to list the
set of securities enabling it to maximize its total commission revenue. There are four risk factors
in the economyx, y, R, ands. The first three are independent and bivarigte)—1 random
variables where the two outcomes are equally likely. These random variables determine all ex-
ogenous uncertainty in the economy. Specifically, the financial assets available to the exchange
take the form

Zi=X+ By 2
and the endowment risk of the risk-averse individuals takes the form
o = RX. 3)

The random variabl® is private knowledge to the risk-averse agents. When a risk-neutral indi-
vidual pays the information cost he receives a signalabout the random variable This signal,
which is also a bivariate-1/—1 random variable, has the precision lepet [0, 1], defined by
the relationship

Py =kl5=k1= "7 @
When p = 0 the signal is uninformative, and when= 1 the signal is perfect. Given that the
market for an asset is open the incoming orders are cleared by a market maker simkanly to
(1985) The market makers are risk-neutral agents who make zero expected profits conditional
on the information that can be inferred from the order flow. We assume that each individual
market maker is restricted to observe the order flow in his market only, i.e. that it is not possible
to observe the order flow across two or more markets before setting prices.
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The end-of-period wealth is

By =to+ ) 1yG—p)—T (5)

for the agents who are risk averse, and

ws=—6+zt§(5i—ﬁt)—T (6)

for those who are risk neutral. Herg, denotes the order by a risk-averse trader (hedger) in the
market for security; andtg denotes the corresponding order by a risk-neutral trader (speculator)
in the same market. The prige is the price set by the market maker for the market of secirity
The market maker in the market for securdgtymakes the prices; conditional on the aggregate
order flow in this market;’, where

1 =1ty + 1§ 7
where¢ is the number of the subset of the set of risk neutral agents who become informed.
All the informed agents receive the same signal, which may be correct or incorrect where the
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 first is
related to the specification of fundamental risk. The model separates risk factors into a ran-
dom variable associated with hedging endowment shocks and an independent random variable
associated with speculation. One might wonder why this choice is made, especially as the liter-
ature largely does not make this distinction. The primary reason is that we wish to investigate
the incentive for pooling speculative and hedge-related risk in a setting where assets are formed
endogenously. Using the same random variable as the basis for both hedge driven trade and spec-
ulation we exogenously impose a link between hedging and speculation that makes it difficult to
analyze the issue of interest in this paper.

Next, we model the trade commission as a fixed cost. In practice such commissions tend to
be a mixture of fixed and variable costs, e.g. a fixed trading commission and a bid—ask spread.
Allen and Gale (1994dliscuss this problem in Chapter 8 of their book and analyzes the efficiency
properties of a model in which exchanges can charge lump sum fees to cover their setup cost.
Hara (1995)in contrast, assumes that the commission has no fixed cost component. The fixed
cost assumption is made here for two key reasons. Tractability is an important factor as a fixed
cost gives us a framework in which we are able to focus on the security design issue without
the interference brought about by a proportional cost element of trading. Also—and this point is
related to the first—a fixed cost is optimal within the framework chosenAdea and Gale’s,

19949). Fixed costs lead to inefficiencies through exclusion of agents (typically, those with low
trading motive) whereas variable costs lead to inefficiencies through limiting the trading activities

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

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

3. Theoptimal asset structure

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

max (1+¢)T. (8)
(B1,82), T

The exchange seeks to list an asset structure consisting of at most twa 854 and charge

a commission per trader df such that its total revenue, i.e. the total measure of hedgers and
speculators times the commissi@h is maximized. The optimization program is subject to a
participation constraint for the hedgers

Eu(wpy) > Eu(iwo) 9)
and a non-negative expected profit constraints for the speculators
E(ws | ¢) > 0. (10)

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

pi=EX+ 1) 11)

We restrict the asset structures to two assets described by the paraipgtgss. Now, it is true
that when there are only two risk factors a third asset is redundant in a spanning sense. However,
Hara (19950emonstrates that redundant assets can play a role because span is not the only issue
here. When the commission revenue is proportional to trading volume, the commission paid by
the individual hedger becomes a function of the particular insurance portfolio held. In some cases
the exchange may find it beneficial to sell certain portfolios at a discount, which can be achieved
by listing a redundant asset. In other words, a redundant asset makes it possible to obtain a degree
of price discrimination in the market for insurance portfolios. In our model price discrimination
is never an issue because the hedgers are identical. With a fixed fee commission and a homoge-
neous group of hedgers the marginal cost of trading (conditional on the fact that it is optimal to
trade at all) is always zero such that the hedge portfolios are economically efficient even if the
exchange is a monopolist. Our model isolates, therefore, the interactive effects between hedg-
ing and speculation without including further interfering effects created by a volume-dependent
transaction cost. Within our framework, consequently, the restriction to maximally two assets
leads to no loss of generality.

The first step is to analyze the trading behavior of the traders who actively trade on the ex-
change. The hedgers’ optimization program is stated as

max Eu (i) (12)
1513

subject to
Wy = Wo + 11 G1— p1) + 15 (G2 — pa). (13)

In order to obtain the optimal hedge demand functions we need to take into account price for-
mation in the market maker markets. The following lemma establishes a price formation process
consistent with the zero profit condition for the market makers. Before we proceed, however,
we need to make assumptions describing the trading strategy of the informed speculators. The
informed speculators are assumed to adgpimetric trading strategies where they are buying

as many units on good information as they are selling on bad information in all open markets.
This assumption is firstly a very natural one in an otherwise symmetric model. Secondly, it is not
really a restrictive one. We could envisage the speculators were to trade asymmetrically, e.g. buy
more aggressively on good information than they sell on bad, in which case the market maker
would expect to go short in the stock to make up for the disproportionally (in expectation) ag-
gressive speculative buying pressure. The speculative gains to the speculators and the utility of
the hedgers would, however, be exactly the same as it would be under symmetric trading. What
would change is the market maker’s price setting rule, but this change absorbs on the other hand
all the effects from asymmetric tradingemma 1gives, therefore, the price setting rule for the
symmetric case only.

Lemma 1. Suppose the speculators adopt symmetric trading strategies. If ¢ = 0 then p; = 0.
Otherwise, the price-setting rule,
‘ 0Bi if t’: >0,
pi=E[zt']=10 if 1/ =0, (14)
—pBi iftt <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 lillustrates the convenience of the chosen uncertainty structure. Prices are either
completely non-informative or fully revealing. When there are no speculators entering the mar-
ket, the prices must always be non-informative by the zero-profit condition of the market maker.
If speculators are entering the market, the price becomes very sensitive to asymmetric aggregate
demand, i.e. the market becomes very “shallow.” This is necessary as a device to discipline the
speculators’ trading activities. If the market maker allows “depth” in the market it would always
be optimal for some speculator (particularly if small) to deviate from a given strategy push the
aggregate demand away from zero. It is, therefore, only when the aggregate demand is zero in
equilibrium that the price is also set at zero and the price responds infinitely quickly to small
buying and selling pressure at this point.

Lemma 1restricts, in effect, the search of equilibria in which speculators operate to those in
which prices are non-informative if and only if the aggregate order flow is zero. The following
result, based ohemma 1 derives the optimal demand schedules for the hedgers. Here it is
assumed by convention that asset 2 is always the most speculative asset, Bg >that 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
15 (1, B2, p) and t2 (B, B2, p) satisfying the condition

(rem(a= 2552 o (e 2552 )

=1+|n<ﬂ2—ﬂ1+pﬂ1ﬁ2>#
B2 — B1— pB1B2
Thisrelationship is defined only if 82 > B1/(1 — pB1) = 0.

(15)

Proposition 1highlights the restrictions imposed on the demand functions of the hedgers
by the equilibrium conditions. It remains to identify these functions; this is the subject for the
next result. Crucial here are the issues of existence and uniquétass(1995)demonstrates
problems with existence in his framework, and it will be shown that this is also a problem in our
framework for certain parameters. Where existence can be demonstrated, however, we show that
uniqueness obtains. The optimal order flows, i.e. the functions that satisf¢ Bdogether 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

1 Bo(l— p(1+p)/2) (1 |<,32—/31+p/31f32>zly) 16

'”‘"_ﬂz(l—p(1+p>/2>—m(l—p(l—p)/z) L - (19

}t121|= - ﬂl(l—P(_l—/O)/_Z) - <l+|n(/32:,31-_kﬂ,31,32>5> 17)
B2(1— p(1+p)/2) — Br(d— p(1— p)/2) B2 — P1— pP1P2

where sign(r},) = — sign(t%). These are well defined only if p < 1, f1 < %, and finally

B1 1_'0(1_'0)/2ﬁ1>
1-pp1 1—pA+p)/2"7)

Bo > max(
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We are unable to define functions describing the hedge demand for the case where the specu-
lators have perfect information (i.e.= 1). The Sum}, + tf, equals the right-hand side ia%)
so the functional forms are ultimately defined by the relationship

,81<1— @)r}, +,32<1— @)tﬁ, =0.

At the point of perfect information, the coefficient mf), B2l — p(1+ p)/2), vanishes. The
only feasible candidate is, therefore,

Bo—p1+ pﬂlﬂz) z
B2—B1—pP1B2)

but in this case the agents trade in only one market at the same time as submitting orders which
depend partially on the non-traded asset. This is, of course, nonsense, so for this special case there
exists no optimal order flows satisfying the first-order conditions. Existence is also restricted
when the information is imprecise. One asset has an upper bound on the relative loading on the
speculative risk factor and the other asset has a lower bound on this loading. The reason these
bounds come into play is to prevent the assets becoming too similar. When that happens, the
hedgers are forced to trade in too high volume, typically by taking a large long position in one
asset and an offsetting large short position in the other in order to generate the desired hedge
effect. However, since higher volume is associated with higher adverse selection costs, there
exists no optimal hedge demand when the assets are too similar. This is also the reason why the
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 speculator
expects trading profiE (wg | ¢), which is a function of the mass of the speculatgrsThe spec-
ulators, therefore, need to make their trades conditional on the number of speculators entering
the market. It is also apparent that the more the hedgers trade (in absolute terms) the more each
speculator is able to trade since the speculators’ profit is increasing in the hedge motivated trad-
ing volume. The more the hedgers trade, therefore, the more speculators enter the market. The
expected speculative gains for each speculator can, consequently, be derived as follows:

th, =0 and tf,=1+ln<

E(iis) = ”T”(%(h%!ﬂl(l— p) + |t5|B2) + %(}rsﬂﬁl + e8] 21— p)))
+ 1_Tp (%(!té\ﬁu—l— p) + [1§] B2(-1)
+%(|f§|/31(—1)+|t§|/32(—1—p))> ~T—c (18)
= Sld1B+ 5liflpo 7 —c. (19)

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

Proposition 3. Thetrading commission T is determined (given 81 and $2) 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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by the function ¢ (T'), where

¢(T) =

BiBar(1-5) ﬂz—ﬂ1+ﬁﬁ1ﬂz>%>_

141
(T + o) (Ba(1— 23F2) — gy (1 2472))) ( " n(ﬂz — B1— pP1B2
(20)

The next step is to work out an exact expression for the trade commigsiosing the fact
that the participation constraint for the hedgers is always binding this is straightforward. Substi-
tuting the optimal market orders given Rroposition 2into the table showing state contingent
wealth (given inAppendix A), we find an expression for the expected utility in which the trade
commission? can be isolated:

E(u(@p)) = —exp(y T)E (exp(A(B1. B2. p)))- (21)

We detail inProposition 4the form of the functiord. At the point where the hedgers achieve a
perfect hedge without the interference of speculation the terrdexp 1 so the trade commis-
sion is given by the numbédr defined by

_expy) +exp(—y)
2

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

E(u(@p)) =—expyT) =

= E(u(i0))

T = % In(coshiy))

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

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

1 1 ~
r=2 In(coshy)) — ” In(E exp(A(B1, B2: v, ))) (22)
where the function A is given by
1
A =:|:In<ﬁ2 —ﬁ1+pﬁ1ﬂ2)ZV
B2 — B1— pP1B2
_ i
(1+ '”(%)”)pﬂlﬁz (1+ 2972 if signal s = 1,
,32(1— ﬂ(]-;‘ﬂ)) _ lgl(l _ 0(12*/7)) (1_ ;0(32—/0))’ if Slgnal s=—1,

where thefirst sign is positive if and only if x = 1 and the next sign is negative if and only if the
information signal of the speculatorsistrue.

(23)

We now have sufficient data to start the main part of the analysis which deals with finding the
optimal financial innovation program for the exchange. Recalling the objective function in (8),
we can now eliminate the variabl@sand¢ (T) as these are given as functions of the variables
y, p, B1, andBz. We find, moreover, that we can rewrite the objective function as a maximization
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program over the asset structyf, 82) only:

(gllaﬁ;(l +¢(T))T (24)
where¢ (T) is given byProposition 3andT is given byProposition 4 Substituting for these, we
find the explicit functional form of the objective function. A problem persists in operationalizing
the maximization program, and a particular obstacle is the tet@erp(A)) from (22). It is
useful in this respect to transform the objective function using the hyperbolic sine and cosine
functions to express this term. Some straightforward but lengthy transformations derives the
following expression from (24) which enables us to proceed.

max/iT = In( I coshty) - )
B1.82 7 2_i coshii) — psinh(i)

1
NP
= . ) — i [ 1
n 2 X; cost(i) —p sinh(i) 1p<1_%)x(1+lnaﬂ) (25)
coshy) v
c+ ln( 13" costi)—p sinr*(i))

X

where
5= ﬂz—ﬂ1+pﬂ1ﬁ2’ (26)
B2 — B1— pP1p2
= AT AT - =S T @0
andi =a, b, c,d, where
a=|2—;(1—'cp(l+ p(L—0)/2)) —kp(1+ p(1—p)/2), (28)
b=l;—j(l—/cp(l—p(3—p)/2))—Kp(l—p(3—p)/2), (29)
c= I;—;(—l—xp(1+ p(1=p)/2)) —kp(1+p(1—p)/2), (30)
d= I2—;(—1—I<p(1—p(3—p)/2)) —kp(L—p(B=p)/2). (31)

At the cornerg; = 0 the exchange lists a single instrument that depends on the hedgé&)risk (
only. At this corner, moreover, we find that the transformed variabkasd« take on the values

1 and 0, respectively. Substituting these values into the sy&8jn(31)fixes the profit of the
exchange to the number(oshy))¥”, which equals the trade commission levied on the unit
mass of hedgers when their participation constraint is just binding. The profit goes to zero for
y — 0, confirming the intuition that at the point at which the hedgers become risk neutral the
exchange makes no profits by opening markets for insurance instruments. The corner solution at
B1 =0 is particularly interesting as it can be shown to be optimal for a certain range of parame-
ters. For all remaining cases where a trading equilibrium exist, we find that an interior solution,
involving listing speculative securities, is optimal. The specific conditions are given below.
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Proposition 5. The corner solution § =1 and « = 0 is suboptimal provided the information cost
isnot too great, in particular,

pc < In(cosh(y)) (32)
and that the hedgers are sufficiently risk averse, in particular,
In(coshy)) (33)

In(coshiy)) — pc’
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 1 = 0 (where § = 1 and « = 0) and lists a single hedge instrument which depends on x
risk only.

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

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

In(cosh(y))
In(cosh(y)) — pc
in order that the exchange lists speculative securities (&2)). The intuition for this is also
relatively straightforward. Unless the hedgers are sufficiently risk averse, the loss of trade com-
mission necessary to maintain the hedgers participation constraint is never compensated by the
extra commission revenue generated by the influx of speculators. Risk aversion does, therefore,
play a certain role in speculative markets.

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

- 102 2
Var(pi) =2 B; > 0 (34)
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whereas the payoff variance is given by
Var(z;) = 1+ 2. (39)

Consequently, a speculative market has higher price volatilipgs/2 > 0, it has higher payoff
volatility as,/1+ ﬂl? > 1, and higher relative price-to-payoff volatility ag; /,/2(1+ ,3,.2) > 0.
The “extra” price volatility associated with speculative markets is, however, not akin to excess
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 volume in a
specialist insurance market is (by normalization) equal to 1. The trading volume in a speculative
market equals

[th| + 5] =21y (36)

and we shall demonstrate that for at least one market this is always greater than twice the trading
volume in a pure hedge market. To see this, suppo$E®) < 1, in which case

,32(1— p(l;rp)) +ﬂ1(1— p(lgp))

1 2
i | + |53 > = (37)
Bo(1- £52) - pr(1- 252
by the fact that > 1. Subtractingt121,| from both sides, we obtain the inequality
(1-p)
1 = p(1- 252
ltg|> 1+ (1—1Ins%) T T (38)
Bo(1- E52) - pr(1- 25
which is greater than 1 by assumption. Now suppo$é/[8”) > 1, which implies that
1— p+p) + 1— p(A=p)
|+ 1 52220 ) H A P g ) @)

ﬁz(l— p(lgrp)) _ ,31(1— p(lz—p))

so also in this casg} | or 2] is greater than 1.
4. Concluding remarks

This paper seeks to understand how an exchange applies financial innovation to attract the op-
timal number of speculators to its markets. The existing literature points to the fact that attracting
too many can be harmful since speculators prey on the existing uninformed traders who seek
insurance for preference shocks. The paper demonstrates that some speculation can be desirable
as it generates extra profits for the exchange and, in particular, the exchange is keen to attract
speculators who have access to cheap and imprecise private information when the hedgers are
relatively risk averse. The paper establishes, therefore, a link between the information structure
of traders and the market structure in which they trade. Where the information costs too much
and the asymmetry between the informed and uninformed traders is too big, the financial innova-
tion process separates those who trade to buy insurance and those who speculate. In the converse
case the financial innovation process brings them together in the same trading venue where they
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 ind&heng = 0

the order flow is always non-informative so the price must be zero. Congided. The spec-
ulators make their orders contingent on their information and it is straightforward to narrow the
optimal strategy down to the one in which they buy the asset given one signal and sell it given
the other. The amount traded by the hedgers is a nurtaeor —a by the symmetry of the
model. The amount traded by the speculatorsbg or —b, (depending on their signal), where

a, b1, by > 0. The aggregate order flow is, therefore, a number

te{—a—+ ¢b1,a+ ¢b1,a — pbr, —a — ¢pby}. (A1)

This number is fully revealing if the values are distinct, but in this case speculation is inconsistent
with equilibrium. Obviouslya + ¢b1 > 0 and—a — ¢b2 < 0 can never be equal so we are left
with the possibility that

—a+ ¢b1=a — ¢bs. (A.2)
Since the speculators trade the same number of units in both directions,
—a+¢br=a—¢by=0 (A.3)

which proves the lemma. D

The following showing the state-contingent wealth for the hedgers is useful for the proofs that
follow. Table A.lis derived usind.emma 1

The table assumes > 0 and that the price formation depends on the direction of the hedge-
motivated demand: when the hedgers sell ags@therei equals 1 or 2) the price equalsos;
wheny = —1 and 0 otherwise; and when the hedgers buy &gstkte price equalgs; when

Table A.1

Prob ¥ y s Wealth

| 1 1 —1—T+1,(+ (L= p) +1h,(1+B))
e 1 -1 -1 -THd,A-p)+1,A-B;A—p)
e 1 1 1T 4, (~14 81— p) +1],(~1+8))
e 1 21 -1 1- T4~ B+l (—1—B;(L—p))
e 1 -1 —1-T+i,A+ )+t A+ 81— p)
1z 1 -1 1 1T Hd,A—gid—p)+1d,1—B))
e | 1 =1 1-T4a(~14 B+ (—1+8;1— p)

1 -1 1 1T (1B o) +if (1))
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y =1 and 0 otherwise. Furthermore, the table also assumes (without loss of generality) that the
hedgers are exposed to a negative endowment shagk=—7x. Moreover, it is assumed that

they buyz; and sellz;. The case thaiip = x implies the same conditions on the first order
conditions for utility maximization for the hedgers given that they etind buyz;. Although

not demonstrated here, it is straightforward to show that the hedgers would never buy both assets
or sell both assets at the same time.

Proof of Proposition 1. Here we use the transformation thatrjp= ri,, and the first order
conditions are derived differentiation with respectfprather than,. There are two first order
conditions:

0
—g Eu(wn) =0, (A.4)
oty

0 ~
oty

Using the table above (which assumes ﬂ”};ib 0 andt,zi < 0) we find that these imply the
following system

A+ (B+pC2)p1+ p(C1—C2)p1=0, (A.6)
A+ (B+ pC2)B2 =0, (A.7)
where
A=expy)(1+x"y")(A+p)x + (1 —p)y)
—exp(—y) (1+x2y ) (A +p)y t + (L — p)x~h), (A.8)
B=exp(y)(1—x""y")((A+p)x + 1 —p)y)
—exp(—y)(L—x"y ) (L4 o)yt + L —p)x7Y), (A.9)
C1—Ca= —expy)(1+x7"y")((A+ p)x — (1—p)y)
—exp—) (L+x"y ") (A +p)y = Q- p)x7), (A.10)
C2 = exp(y)((L+ p)x'"y” — (1 - p)y)
+exp—y)(L+p)y t— L= px Py, (A.11)
where thex andy variables are the following transformations of the hedge demands:
¥ = (T%I)—V(l-i-ﬁl(l—ﬂ)) (_L_le)—}/(l-i-ﬁz)’ (A.12)
y= (.C%I)*V(Hﬂl) (tlzi)*y(lﬂ?z(l*p)). (A.13)

Using the fact that the second first order condition implies
A
B+pCo=——, (A.14)
B2

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

B1B2
Bo— P

A=—p (C1—C9). (A.15)
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Using the definition ofA and C1 — C» above, we find that the first order conditions can be
reduced to

~tp) _ B2 = Brt pBaf2
B2 — B1— pP1B2
Itis clear that any solution tor, y) must be inRJ2r+, so the left-hand side is always positive. A so-

lution will never exist, therefore, if the right-hand side is negative. This implies non-existence of
an optimal demand schedules for the hedgers if the right-hand side is zero or negative. Hence

B1
> >0. A.17
1-pp1 (A7)
Returning to the problem of identifying the optimal hedge demands, we subg#tii2) and
(A.13) into (A.16) to derive the relationship

exp(—2y)x~ =Py (A.16)

B2

112y (14+B1(1—2452))) 22y (1+p2(1-2952))) B2 — P1+ pP1B2
T +(z =exp2y)——~ (A.18)
(vi) (vi) B2 — B1— pP1B2
which implies, taking logarithms on both sides, Etp). O
Proof of Proposition 2. We need to show that rFH i =1, 2 satisfy the set of first order con-

ditions then no other solution exists. Any other solutjphand £2 can, however, be written as
=t} +g*and f2 =12 + g for suitable functiong® andg?. Substitutingf* and /2 into
the first order conditions for utility maximization and defining

x/ — exdfl)_y(l"‘ﬂl(l_p)) exqu)_y(l'f‘ﬁZ) (Alg)
and
y/ — exqfl)_y(l"l‘ﬂl) exp(fZ)—V(l-i-ﬂz(l—ﬂ)) (AZO)

we find that the functiong® andg? must also satisfy the conditions

X_’ _x 1\vrh1 2\reB2) _ X 2
=S exp(g!)"" exp(g?) " = (A21)
y ooy y

and

x’y’ —xy exp(g1)72y(1+/31)+yp/31 exp(g2)72y(1+ﬂz)+ypﬁz — xy. (A.22)

Clearly, the only functions that satisfy these constraintgare g2 =0. O

Proof of Proposition 3. For the second part we recognize tfh%ﬂ(b = |t;,| fori =12 (by
Lemma J so the equilibrium condition becomes

pligly . pliGl
2 ¢ 1T 279
and rearranging this equation yiel(®0). For the first part we need to show thHatwill always
be chosen such that the participation constraint is binding. Assume that it is not binding, and as
a result, the exchange makes a préfitt ¢)T'. If the exchange keepE constant at the same
time as making the hedgers slightly worse off and the speculators slightly better off, the result
is an increase i and, consequently, an increase in the profits of the exchange. We need to

Bo—T —c=0 (A.23)
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inspect the feasibility of such a strategy. Consider first strategies described by the directions
dB2 = (1 — pp1)~2dBs since these ensure that the constr@int B1/(1 — pB1) is not violated.
We find
d¢ d¢ dp 99 -2
dp=—d —dg=—+—@1 d A.24

P TH ﬂl+aﬂ2 B2 (8ﬂ1+8ﬂ2( + oB1) ) p1 (A.24)
and it suffices to demonstrate that the expression inside the bracket is not zero. Working out the
partials we find (using the transformation of variables defing@&)and(27))

1
a_¢=p(1—§)x<1+|n3% Jr(l—@)x(lJrlnﬁ)Jr pB1B2 + B3 )

1 T+c B1 B1B2 2y8(B2 — B1— pP1B2)?
(A.25)
and
1
%_p(l—%)x(l—i—lﬂ&é _(1—@)K(1+|n85)_ pﬁ1ﬂ2+pﬂf >
2  T+c B B1B2 2y8(2— B1— pB1B2)? )’
(A.26)
Clearly, both are non-zero and
¢ , 9¢ 2
— % —(1-ppp*
op # 25 pB1
We can do a similar analysis for the constraint that
1-p(l—-p)/2
2= 1o pe™
which yields the same result. The proposition followsi
Proof of Proposition 4. The relationship defining the optimal commission feés
Eu(wg) = Eu(wy) (A.27)

wherewg is a+1/ — 1 bivariate random variable andy is given by the table above. The left-
hand side equals coshy) and the right-hand side equalsexp(y T) E exp(A). The functionA

is obtained by multiplying the state-contingent wealth in the table above (ignoring thetEym

by —y. The optimal commission fee is, therefore, obtained by taking logs on both sides in the
above relationship, i.e.

1 1 -
T = =Incoshy) — = In Eexp(A) (A.28)
14 14
and the proof is complete.O

Proof of Proposition 5. Let IT denote the objective function {25), and denote by the ratio

1
|n< coshy) ) y
>, coshi)—p sinh(i)

T
cosh(y) 2
¢+ In( iy, cosr(i)—psinh(i))

C =

(A.29)
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The partial)17/9§ anddll/d« are given by

oIl P\ K
— —Col1=-L8 ) =—
96 p( 2)2y5
. 1
>, (sin(i) — p coshi)) &% p(1—5)(1+INs% )k

' W)as (1, A.30
y Y, coshi) — p sinh(i) ( (c +In( coshy) )3)2) ( )
4 % >, coshi)—p sinh(i)

and

ar1 Jo 1
" =Cp(1— E)(1+In82v)

B >, (sinh(i) — p coshi)) 2L ( p(1-5)(1+ |n8%)6‘l(
7

—— . (A3l
y >, coshi) — psinh(i) ¢ +1n( costy) )%>2) (A.31)
13", coshi)—psinh(i)

At the corner poin$ = 1 and«x = 0 it can easily be confirmed that the second term in (A.30)
vanishes, so

oIl

— =0

93
since x = 0. Similarly, it can also be confirmed that the second term(Am31) equals
—(p/v)p(L—p/2),s0

o))

This expression is positive if and only if

(A.32)

Incosh(y) In(cosh(y))
c<——= and y> ———.
o In(cosh(y)) — pc

It suffices (since the feasibility space is open) to demonstrate existence by evajdaiidgand
(A.31) at the upper bound, which is either at the limit whé&re- co or wherex — oo (note that

the partials9s/08; anddx /dB; are both non-zero everywhere in the interior). The main problem
evaluating these expressions is linked to the terms

>, (sinhi) — p cosr(i))g—j.
y >_;coshi) — psinh(i)
wherej = §, . We can, however, rewrite these terms in the following way:

>, (sinh(i) — p coshi)) 2%
y »_; coshi) — p sinh(i)

_s et 2 -1 pd—p)\71 _ pB=p)\y2
_ (A=) KD+ (14877 k(L4 252) L1+ (1- 252)L7) (A.34)

28y2(1+ 5‘%)(1(1 +KH+(1- 5‘%)(L1 +L?)

and
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>, (sinh(i) —pcosf(i))%
y Y, coshii) — psinh(i)
3 5% (1+ 5’%)(1+ Inﬁ)p((lJr PP + (1 2521

7 1 (A.35)
253/2(14_57?)([(1—}_[(2)4‘(1—577)(L1+L2)
where
g1 Lrexp(-2ap(l+ 2LD) (14 Ins7))
- 2
4 LS 20(14 252 14 ins %)
2 9
_ 1 —2kp(14 2A2) (1 4 InsZ
K2=eXp<—pra+|n8%)>< +exp( /0( +2 5 )( +In y))
4 L OB 200 (L4 252 (14 ns7))
2 :
P Vi PA0))(14 Ins7 )
- 2
+p1+eXp(—2"P(1+&2"’))(1+|n3%))
2 ,
— 1— exp(—2cp(1+ 23=0) (1 4+ InsZ
L2=eXp(—Kp&2p)(1+ln8%)>( exp(—2ip( +2 =0} (1+1n57%))

1
1+ exp(—2cp(1+ 2520 (14 In6%))
+p > .

The limits of these terms are, therefore, dim., K1, L* = 1/2 and limy , . K2, L? = 0.
Using this information in evaluatingA.30) and(A.31) we find

11
lim an =0 (A.36)
§—o00 08
and
17 ; 1
lim 3 _ { —oo ify <3, (A.37)
=00 0K 0 otherwise
for the bound defined b§ — oo, and
oIl oIl
im —, — =-o0 (A.38)

k=00 38 Ok
for the bound defined by — oco. Ignoring the case whene < 1/2, since in this case the corner
solution is optimal, we can use the following argument to demonstrate existence. It is easy to
confirm that the boundary point describeddig in effect only if

0
Yy
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(using the rule that
max( P1 ’l—p(l—p)/Z): 1
1—pB1 1-pA+p)/2 1-ppa

However, along the boundary points the exchange is indifferent for all choicgs afid 35,
including those for which

N
1-p(1—p)/2’
in which case the exchange always prefers an interior point.

B1 <
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