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ABSTRACT
EFFI Cl ENCY OF | NFORMATI ON | NCENTI VES OF A FI NANCI AL MARKET

The paper anal yzes the efficiency aspects of a futures
market with costly information gathering. The nodel assunes
ri sk-neutral specul ators who may choose either to becone inforned
(at a cost) or to remain uninformed. The equilibrium assunes
rati onal expectations on the part of specul ators, and consi stent
conjectures (Nash equilibriumin demand curves, assuni ng
noncol | usi ve, inperfect conpetition). Conputer sinulation of the
nodel indicates that specul ators have no incentive to becone
I nformed unless a) there are a | arge nunber of uninforned
specul ators in the market, or b) there is a substantial anmount of
noi se (at | east sone noise is necessary). The expected revenues
of informed specul ators tends to be proportional to the anmount of
noi se.

Conput er sinulation indicates considerable inefficiency of
the futures market conpared with an optinmal forecasting
institution. Mst of the deadwei ght |oss from market prediction
of future prices occurs because either too many or too few
specul ators choose to becone infornmed, rather than mainly because
noi se tradi ng makes the market price prediction |ess accurate
than it otherw se could be. Depending on the extent of noise
trading and other factors, speculators can receive either nore or
| ess than the val ue marginal product (VMP) of their contribution
to the accuracy of the futures price. Wen speculators earn nore
(less) than VMP, too many (too few) speculators are induced to
beconme informed. This, plus the pricing inaccuracy contributed
by noi se trading, causes the overall inefficiency of the futures
mar ket .

JEL CODES: Gl14 Information and Market Efficiency
D80 I nformati on and Uncertainty
D84 Expectations; Specul ations



The purpose of this paper is to anal yze a hypothesis
advanced by Sanuel son (1957) that futures nmarkets tend to
over-reward specul ators relative to the social value of the
i nformati on which they contribute to the nmarketplace. A relevant
quote from Samuel son reads as fol |l ows:

"Suppose ny reactions are not better than those
of other specul ators but rather just one second
qui cker.... Wuld anyone be foolish enough to argue
that in nmy absence the equilibriumpattern would
fail to be reestablished? By hypothesis, ny sole
contribution is to have it established one second
sooner than otherwi se. Now even a second counts:
and after crops fail, society should even in the
first second begin to reduce its consunption of
grain. The worth of this one-second's lead tine to
society is perhaps $5, and if we for the sake of the
argunment accept a C arkian naive-productivity theory
of ethical deservingness, we mght say |I truly
deserve $5. Actually, however, | get a fortune...
There is no necessary correspondence between the
i ncone effects realized by any person's actions and
the anount of neritorious substitutions that his
actions can alone bring into being." (p. 209)

Sanuel son's comment raises two issues: 1) Are financi al
markets equitable? 2) Are financial markets efficient? The
i ssue of efficency is indirectly inplied. |If speculators are
over-rewarded for their informational efforts, then too many
specul ators will enter the market and too nuch resources will be
spent collecting information. Contrariwi se, if speculators are
under-rewarded for their informational efforts, too few
specul ators will enter the market and too little resources wll
be spent collecting information. Hence, the question of whether
specul ators are overconpensated or underconpensated for their

efforts has clear efficiency inplications.



The issue of equity is raised by Sanuel son's sneer at the
al l eged naivete of J.B. Cark's ethical interpretation of
mar gi nal productivity theory. Sanuel son presents no argunent
agai nst C arkian ethical theory. Rather, Sanuel son provisionally
adopts C arkian ethical theory for the sake of argunent, to show
that financial markets are unjust. Sanuel son's unconpl eted
syllogismmght run as follows: (1) Carkian ethical theory
allows for the greatest anmount of inequality which is ethically
justifiable, but (2) financial narket rewards are even nore
unequal . Therefore, (3) financial market rewards are unjust.
Econom c¢ phil osophers can (and have) disputed the major prem se
(1), to avoid the conclusion (3).' This paper investigates the
truth of the mnor premse (2).

Sanuel son's challenge to the equity and efficiency of
financial markets rests mainly on conjecture, rather than a
formal proof based on a specific nodel of the functioning of
financial markets. Sanuelson's exanple inplicitly makes extrene
assunptions about the liquidity of financial markets. Is it
really possible to earn a "fortune" by trading |large volunes in
only one second? O would it actually take several m nutes or
even a few hours to trade the necessary volunme to earn a fortune?
If the latter is the case, it is no longer plausible to claim
that the value of the speculator's infornmation to society is only
$5.

Finally, an issue which would not be raised in 1957, but

which is normally raised today, is whether Samuel son's exanple is
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consistent with rational expectations on the part of the other
specul ators. Does the earning of a "fortune" require that the
ot her specul ators be unaware that the inforned specul ator has
superior information? Presumably, if uninfornmed speculators are
aware that informed speculators are trading in the marketpl ace,
their trading strategies mght be different from how t hey m ght
otherwise trade. It is inportant to know the conditions (if any)
under which Sanuel son's conjecture actually holds true.

Section | describes the basic nodel which this paper uses to
anal yze Sanuel son's hypothesis. Section Il provides the
mat hematical detail of this basic nodel. Section IIl, in
conjunction with Appendices A B, and C, derives the optinma
strategi es of speculators, conmputes the equilibriumequations for
any finite nunber of speculators, and al so sol ves the nodel under
the assunption of costless free entry by uninforned specul ators.
Section IV calculates the welfare |oss of a futures market
conpared with an optinmal forecasting institution. Section V
considers alternative definitions of VMP and selects two
definitions of VMP as being nost useful for analyzing Sanuel son's
inplied equity and efficiency argunents. Section VI analyzes
Sanuel son's exanple of the short-term specul ator, and shows t hat
very likely the short-term specul ator does earn rewards in excess
of VMP. Section VII presents the results of conputer
cal cul ations of welfare | osses and reward/ VMP ratios for 2,430
cases involving alternative sel ections of four key paraneter

val ues. Section VIII summarizes the key findings and suggests

3



reasons for believing that the conclusions would be valid for

alternative nodels of financial narkets.

| . Basic Mdel

| take it that Samuel son's main point is to assert that
"there is no necessary correspondence"” between a speculator's
I ncome and the VMP of the information which he provides. The
exanpl e of the quick-witted speculator is solely intended to nmake
this conjecture seemplausible. |[|f the hypothesis has universal
validity, then it should be just as true of a nodel with only one
period of speculation, as it would be of a nodel with several
peri ods of speculation. As it happens, Sanuel son's conjecture is
true for a nodel with only one period of specul ation. Therefore,
extension of the nodel to several periods is not necessary to
prove Sanuel son's basic conjecture, even though anal ysis of the
I nteresting exanple of the quick-wtted speculator m ght require
such extensi on.

Futures markets can be interpreted as nmaking inplicit
predi cti ons about future comodity prices. Since inaccurate
price predictions can |lead to m sallocation of resources,
financi al econom sts have frequently argued about whether such
mar ket predictions exhibit rational expectations.? The
"efficient markets" hypotheses of financial theory posits that
mar ket prices fully reflect all information available to market
partici pants. The ternms, "weak-formefficiency,"

"sem strong-formefficiency," and "strong-formefficiency,"”
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sinply place different restrictions on the types of information
sets which are presuned to be available to market traders, and

agai nst which they formrational expectations.

As Grossman and Stiglitz (1980) point out, this view of
mar ket "efficiency” is rather limted. |If information is costly
to collect, a rational expectations equilibriumwhich fully
revealed all information would nake it unprofitable for any
specul ator to acquire information in the first place. Their
solution to this paradox is to posit the existence of "noise"
which partly obscures the revelation of information, and thereby
enabl es speculators to profit by becom ng i nforned.

Consequently, if information is costly, theory does not permt an
I nformed market equilibriumto exhibit fully revealing rationa
expectations. Additionally, if information is costly, market
efficiency requires a proper bal ancing of social costs and
benefits of information acquisition, so that acquiring perfect

i nformation can be inefficient, if it costs too nuch.

The Grossman and Stiglitz (GS) nodel assunes perfect
conpetition (Bertrand conjectures) by speculators. As Kyle
(1989) points out, this assunption may not be valid when inforned
traders are sufficiently few and sufficiently large that their
trading activity significantly affects market price. Kyle
I nstead assunes i nperfect conpetition (consistent conjectures or
Nash equilibriumin specul ator demand curves). In the G S nodel,
as market traders becone nore risk neutral, they begin to trade

so aggressively that it is no longer profitable for specul ators
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to becone infornmed. This oddity of the G S nodel is elimnated
in the Kyle nodel

Both the Kyle nodel and the G S nodel assune that al
I nformati onal and noi se variables are nornmally distributed.
Additionally, they assune that all specul ators have negative
exponential utility functions with constant absolute risk
aversion. Risk neutrality is a special case in the limt as risk
aversi on approaches zero in these nodels. The assunption of risk
neutrality which I make in this paper sinplifies al
cal culations. Since risk-neutral speculation is inconpatible
with a perfectly conpetitive solution for market equilibrium when
information is costly, it is necessary to use the inperfectly
conpetitive solution concept.

An advantage of the GS and Kyle nodels is that optim
equi |l i brium specul ator strategies can be expressed in |inear
form In Theorem 5.1, Kyle (1989) denonstrates that a |inear
strategy by any specul ator dom nates all nonlinear strategies if
the residual supply curve facing the speculator is also |inear
and satisfies certain second-order conditions. This theoremis
useful because it allows us to posit |linear strategies right from
the start, and neans that we need only cal culate the opti nmal
paraneter values for the linear strategies. Kyle (1989) does not
prove or disprove the existence of nonlinear equilibria.

The nodel of this paper is both a sinplification and an
extension of the Kyle nodel. It sinplifies Kyle's nodel by

assum ng risk-neutral speculators, and it extends Kyle's nodel by
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assum ng that the supply of the specul ative asset is
upwar d- sl opi ng. Kyle's nodel assunes that the supply curve is
vertical, which is a special case of the extended nodel used
here. The extension to upward-sloping supply curves i s necessary
to assure that information collection has at | east sone soci al
value. |If the supply curve were vertical, |ack of infornmation
woul d create no deadwei ght | oss, and consequently any positive
anount of costly information collection would be socially
wast ef ul .

The nodel of this paper is intended to be the sinplest
possi bl e nodel consistent with investigating Sanuel son's

conj ecture.

1. Assunptions of Basic Mdel
The basi c nodel assunes two periods. |In the first period,
the interaction of farnmers and market specul ators determ nes the
predicted futures price, P;,. In the second period, the norma
I nteraction of supply and demand determ nes the future spot
price, P,.
Farnmers' supply is based on the observed futures price:
Q = A + B (1)
Future spot demand is based on the future spot price:
Q = A, - BP, + X where X is random (2)
The period 2 spot market equilibriumis therefore:
A + BP, = A, - BP, + X (3)

Equations (1)-(3) provide the fundanentals. The specul ative

7



action occurs in period 1. Speculators are risk neutral, and may
be either informed or uninforned. There is al so exogenously
speci fi ed noi se trading.

There are M uni nforned specul ators, indexed by nmel, 2,...

M  Each uninforned specul ator has a |linear specul ati ve demand of

the form
Qm = Au - Bupl (4)
There are N infornmed specul ators, indexed by n=1, 2,..., N

Each i nfornmed specul ator observes a different piece of
information, |, Each informed specul ator has a |inear
specul ati ve demand of the form
Q =A - BP, +GlI, (5)
Noi se trader supply is exogenously specified as:
Q = Z where Z i s random (6)
Setting farnmers' supply plus noise trader supply equal to
t he demands of M uni nfornmed specul ators and N i nforned

specul ators, we obtain the futures market equilibrium

A, + B +Z =M, - MBP, + NA - NBP, + GI;, (7)

wher e N
I, = 21, (8)

n=1

Rearranging (7) we obtain:

P, = A - Z + GI, (9)

BO
where A, = -A + MA, + NA (10)
and B, = B, + MB, + NB, (11)

Rearrangi ng (3) we obtain:






P, = Ais - BPp + X (12)

Bd
wher e A = Ay - A (13)
From (9) and (12) the equation for the price margi n becones:
(P-Py) = AytX - B[ A-Z+G1 ] (14)
By ByB,
wher e By = B, + By (15)

Al'l random variables are normally distributed with neans of
zero. X is a conposite variable which is the sumof a humanly
observabl e signal, S, and an unobservabl e random conponent, E,.
Only the infornmed specul ators make an observation of S. This
observation is clouded by an error term E,, which is
uncorrel ated across specul ators. The basic random vari abl es are

distributed as foll ows:

Z ~ N0, 5,%
S ~ N(O, 6.9 (16)
E. ~ N(O, 0.%)
E, ~ N(O, 9

The conposite random vari ables are as fol |l ows:
X =S+ E,
|, =S+ E, (17)
I, = NS + E
lin = (N1)S + E,
wher e N

E = = E, ~ NO NGa?)
n=1
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E,.=E - E, ~ NGO, (N1)(5?%)

[11. Speculative Equilibrium

Each specul ator is assuned to incur sonme cost (possibly
zero) of entering the market and of collecting information.
However, once the cost of entry or information collection has
been incurred, the cost is a sunk cost and has no direct
I nfl uence on short-term specul ati ve behavior. Since costs are
sunk, short-term profit-nmaxi m zing behavior is equivalent to
maxi m zi ng revenues. Since speculators are risk neutral, each
specul ator nmaxi m zes expected revenue. W assune a Nash
equilibriumin which each specul ator (whether infornmed or
uni nfornmed) maxi m zes revenue (after costs are sunk), given the
assuned behavi or (demand functions) of all other specul ators.

Since all uninfornmed speculators are identical, it seens
reasonabl e to assune a symmetric equilibriumin which al
uni nfornmed specul ators behave identically. Since all infornmed
specul ators are essentially identical (though they may possess
different information), it is |ikew se reasonable to assune a
symretric equilibriumin which all inforned specul ators behave
identically (except for informational differences). The first-
order conditions for specul ator revenue maxin zation are given in
Appendi x A

The only requirenent of the second-order conditions is that
the residual supply curve facing each specul at or nust sl ope

upwards (B,>0 and B,>0). OQherwse, it would be possible to buy
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futures at infinitely low prices, or to sell futures at
infinitely high prices. Thinking in terns of |ong run
equilibrium this suggests that the residual supply curve facing
any potential entrant nust also slope upward (B,>0), |est there
be an infinite tenptation for new speculators to enter the

mar ket .

We conpute the symmetric market equilibrium by assum ng that
the optimally derived paraneters for the individual specul ators
are identical to the assuned paraneter values for all other
specul ators. This is done by appropriate substitution of
variables into the first-order conditions. The resulting
equati ons do not appear to be solvable analytically, but they can
be solved nunerically using a conputer. Using Newton's nethod,

It is usually possible to obtain a convergence to an econom cally
sensi ble equilibriumby starting with initial values of B;=100
and B,=0. (See Appendix B for the equations for a symmetric
specul ative equilibrium)

Hol ding N constant, an increase in Mcauses R, and R, to
decrease, while R/R, increases. In the limt, as M approaches
infinity, R, approaches zero while R, approaches a finite
positive value, which is proportional to the amount of noise. As
M approaches infinity, A, and B, decline in inverse proportion to
M while R, declines in inverse proportion to the square of M
As M approaches infinity, each of the uninformed specul ators
becones an infinitismal player in the market. The assunption

that M=~ is consistent with assum ng C,=R=0. (See Appendix C
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for the equilibriumequations with zero-cost entry by uninforned
specul ators.)

When there are only a finite nunber of uninforned
specul ators, the market price is biased downward. However, in
the nodel with an infinite nunber of uninfornmed speculators, the
average price which occurs in the nmarketplace is unbiased
conpared with the average price which solves the fundanental s
equation (3) for P;,=P, when X=0. The nodel with zero-cost entry
by uni nformed specul ators is sinpler and provides an ideal case

agai nst which to judge the efficiency of financial markets.

V. Welfare Losses
Let L(P,, P,) be the deadwei ght | oss to society from
m sprediction of the future price of the coomodity. Wen the
future price is underpredicted (P,<P,), farnmers underproduce the
commodity. Wen the future price is overpredicted (P, >P,),
farnmers overproduce the coimmodity. Only when price is perfectly
predi cted does deadwei ght | oss equal zero. The formula for
deadwei ght | oss is:
L(Py, P,) = (P,-P,)%(B;By) (18)
2B,
Substituting for P, from (12) into (18) we obtain:
L(Py) = P,’(BByy) - Pi(AyBs) - PX(B) (19)
- 2B, By By
+ X3 By ) + X(AiB)) + (AL°BY)

2Bstd Bstd 2Bstd
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Suppose no information at all is known about X In that
case the best ex ante prediction of price is P,=P,, where
Py=As/ Byg- Substituting into (19) and taking expectations, the

deadwei ght | oss is:

Lx = L( I:)1:F)O) = (052+Oa2)( Bs ) (20)
- 2B,Bg
Suppose instead that the signal S is perfectly observed. In

t hat case the best predicted price is P,=P,, where P;=(A,+S)/ By,
Substituting into (19) and taking expectations, the deadwei ght
| oss i s:

Ly = L(P=P) = (a.)( By ) (21)

Suppose that the signal Sis not perfectly observed, but

that the conbined information of N speculators is perfectly
known. In that case the optinmal prediction of price is P,=P,,
wher e

P, = A/ By + (o)1, (22)

( 0.°+5,% N) B,4N
Substituting into (19) and taking expectations, the deadwei ght
| oss is: (23)
L, = L(P=P) = [ o’6? + o[ B |

( 032) N+( o 2) 2ByB,q
Suppose instead that the market price (P, is the price
actual ly used, where P, is derived fromthe nodel in Section V.

Substituting P,=P, where P,is derived from(9) and (C6) to
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(C10), the expected deadwei ght | oss is:

Lm = L( Plzpn*) = ( C552( 1+T8) +Oa2) ( Bs ) ( 24)
2B,B,,
wher e Te = (k-1)[ - N°k*+5Nk- 6N*- 2Nkt - 2Nk ® (25)

+8NKt +4NK- 6Nt - t k ?+t k]

(k-2) [ NK+k- 2N+2Kkt - 2t ] 2
In the special case where t=1, Tg,=-N (N+1)?

The above calculations of L,and L, inplicitly assune that
there is zero resource cost for a speculator to becone inforned.
More realistically, assune C >0, where C is the cost for a
specul ator to becone infornmed. |In that case, the total welfare
| oss fromthe futures market institution is:

W, = L(N=N) + NG, (26)
where N, is the nunber of informed speculators in the market.
The total welfare loss froman optinmal forecasting institution
| S:

W, = L(N=N,) + NG, (27)
where N, i s the optiml nunber of informed forecasters. For
pur poses of this paper, we do not ask whether this optinal
forecasting institution is actually feasible.® It is nerely a
basis for conpari son.

In the optimal forecasting institution, the optinmal nunber
of forecasters, N, is easily determ ned by taking derivatives of
(27) with respect to N,. This yields the follow ng quadratic
equation in N

N02( 0_54) + 2No( O_52) ( O 2) + O_i4 - ( 0_54) ( O 2) Bs =0 (28)
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2B B..C,
Only the positive root of this equation is economcally relevant.
W may simlarly conpute the optiml nunber of inforned
specul ators in the market by taking the derivative of (26) with
respect to N, This yields a conplex expression which is not

reproduced here.

V. Additional Welfare Losses

The previous section computed wel fare | osses under the
assunption that price forecasting is the only function perforned
by the futures market. 1In reality, the futures market also
provi des incone insurance to risk-averse farners who wish to
hedge their supply deci sions against price uncertainty.
Performance of this insurance function is presumably necessary
for the existence of a futures market, since it is only hedgers
who rationally accept the | osses which all ow speculators to earn
the positive revenues needed to defray their costs of information

col |l ection.

The basic nodel in Section Il specified an exogenous anobunt
of noise trading, having nean zero and variance o,°. In the
nodel, if there is no noise trading, speculators are unable to

earn any positive revenues which can defray their costs. Noise
trading is necessary for the existence of the market.
The source of this noise trading was not explained. If we

i mgi ne the existence of a separate class of traders, called
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"noi se traders," who trade quantities conpletely at random

W thout regard to price, this would be one possible

I nterpretation of the nodel. Under this interpretation, noise
trading is conpletely irrational, since the noise traders
necessarily incur | osses on average.

However, other explanations of noise trading, nore
consistent with notions of economic rationality and rati onal
expectations, are possible. One explanation is that the noise is
caused by uncertainty regarding the nunbers of infornmed and
uni nfornmed specul ators operating in the market. The basic nodel
assunes that these nunbers are known and fixed, but in reality
t hese nunbers vary and are not precisely known. Since
specul ators are assuned to earn zero econonmic profits in
equilibrium it should be a matter of indifference to individual
specul ators either to enter the market or to stay out. Hence, it
I's neither rational nor irrational for individual speculators to
exhi bit random behavior with respect to entry and exit deci sions.

O her possi bl e explanations include inconpl ete know edge
anong specul ators about the optinal strategies to pursue. This
may |lead to different speculators pursuing different strategies,
whi ch add anot her el enent of randommess. Specul ators may al so
have imted wealth, and may choose to divide their investnents
anong activities in several markets. Changes in perceived profit
opportunities in alternative nmarkets will affect the anmount of
wealth invested in a particular market, and may do so in a manner

that is not easily predicted by market participants. Total farm
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supply and the amount of hedging desired by farnmers may al so be
subject to uncertainty, and thereby create noise in the market.

Regar dl ess of the source of the noise, those who create
noi se by tradi ng randomy necessarily incur |osses, unless those
| osses are sonehow transferred to other market participants.
Even if specul ators thensel ves are the source of the noise,
rational speculators will not rationally accept the | osses which
result fromnoise trade. |If, by hypothesis, such | osses were to
be incurred, we woul d expect speculators either to exit the
mar ket until | osses were no longer incurred or, if remaining in
the market, to reduce their offered prices to purchase futures.
Either way, the prices obtained by farnmers who sell futures is
reduced.

Farners, being hedgers, rationally accept such | osses on the
futures price relative to the expected future spot price. It is
only because hedgers accept such |osses that speculators can find
it rational to engage in costly speculation. This should not be
interpreted as a statenent that there are no irrational
specul ators. Enpirically speaking, there may be irrationality,
per haps even a great deal of irrationality. However, it is not
theoretically necessary to assune irrationality as a necessary
cause of noise trading and consequent source of specul ator
I ncones.

Adopting the hypothesis that specul ators do not suffer
chronic | osses, but instead shift those | osses onto hedgers, we

can proceed with further application of the basic nodel. The

18



vari ance of noise is specified as an exogenous paraneter of the
nodel. There is no necessary relationship between the anount of
tradi ng noi se and the deadwei ght | oss; nor is there any necessary
rel ati onship between the anount of trading noise and the | evel of
ri sk aversion of the hedgers. If we rule out repeat tradi ng of
futures contracts, then the anount of noise should be | ess than
the volunme of spot trade. Beyond this, one cannot state
theoretically how nmuch noise there will be.

If the | osses caused by noise trading are too | arge, hedgers
may choose not to sell futures. Such action would elimnate the
profit for infornmed specul ation, and render the particul ar
futures market infeasible. Despite this fact, there is no
mechani sm whi ch woul d cause traders to trade |less noisily.

Hence, for particul ar paraneter values, there may be no futures
mar ket. For other paraneter val ues, the market m ght be thinly
t raded.

The strategy for applying the basic nodel is to assune a set
of paraneters for the market, conpute the anmount of | osses from
noi se tradi ng (which equal specul ator inconmes), inpose those
| osses on hedgers in the formof reduced prices for purchasing
futures, and then cal culate the anount (if any) which hedgers are

wlling to sell. Such a nodel is worked out in Appendix D.

VI. Val ue Marginal Products
Sanuel son's remarks, discussed earlier, suggest both equity

and efficiency concerns with respect to the question of whether
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mar ket specul ators are paid | ess than or nore than their Val ue
Mar gi nal Product (VMP). There are several different ways of
defining VMP, only sonme of which are rel evant here.

VMP can be calculated with respect to the extensive margin
(how many specul ators becone inforned), the intensive margin (how
much time, noney, or effort is spent by each specul ator to becone
i nfornmed), and, in the case of information, a utilization margin
(how wel | does the market utilize the information). Since this
paper does not analyze variations in effort or information
preci sion of particular speculators, except for the discontinuous
decision to becone infornmed, | wll only calculate VMP's with
respect to the extensive margin. VM on the extensive margin
tells us whether too many or too few specul ators enter the
mar ket .

VMP on the extensive margin can be neasured in a nunber of
ways. First we can ask whether the neasure should be short run,
mediumrun, or long run. A short-run neasure would tell us what
happens if the nunber of informed specul ators changes fromits
| ong-run equilibriumval ue, but other specul ators are unaware of
t he change, and consequently do not alter their strategies in
response. A nediumrun neasure would tell us what happens if the
nunber of informed specul ators changes fromits | ong-run
equi l i brium other specul ators becone aware of the change, and
consequently adjust their strategies (but not their nunbers) in
response. A long-run neasure would tell us what happens if the

nunber of informed specul ators deviates fromits |ong-run
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equilibrium tinme is permtted for further adjustnents in the
nunber of informed specul ators, and consequently a new | ong-run
equilibriumis established.

Finally, we can ask whether the VMP neasure should be based
on a unit change in the nunber of informed specul ators, or
whet her the nmeasure should be based on an infinitesimal change in
the nunber of speculators. |[If a unit change is used, we nust ask
whet her we conpare a situation of N speculators with a situation
of N-1 specul ators, or whether we conpare N speculators with N+1
specul ators. No matter which choice of neasure is used, we
conmpute VMP's by ascertaining the change in deadwei ght | oss which
occurs when we change the nunber of infornmed specul at ors.

For purposes of studying Samuel son's conjecture, the best
nmeasure of VMP on the extensive margin conpares the situation
with N informed speculators with N1 infornmed speculators. |If
t he reduction in deadweight loss (L, or L,) in noving fromN1to
N i nformed specul ators exceeds the cost of an inforned specul ator
(CG), then society should allow or cause the Nth speculator to
enter the market. Contrariwise, if the cost of the specul ator
exceeds the reduction in deadwei ght | oss, then society should not
hire the Nth specul ator.

Define VMP, as the nediumterm VWP of a specul ator worki ng
within the futures market institution:

VWP, = LA{N=N,;1) - L {N=N,) (29)
If R=VWMP, this is an indication of market efficiency on the

extensive margin, but is not necessarily an indicator of overal
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efficiency. If R differs VMP, one could argue for a tax or
subsi dy on specul ator earnings, for both equity and efficiency
reasons, to elimnate the differenti al

If the main concern is equity, VMP can be viewed as a
nmeasure of a person's econom c contribution to society, according
to which a person ought to be paid. A natural question to ask
is, "If the person did not exist, by how nuch woul d total output
decline?" The nmediumrun VMP tells us the marginal val ue of
out put which the Nth speculator currently contributes to the
forecasting task.

In the long run, if the Nth speculator did not exist, the
I ncentives of the market-place would attract replacenent
specul ators. If all speculators face identical costs of
obtaining information, then the cost of replacenent is C,. The
| ong-run market equilibriumis identical to what it was before,
but resources in the anount of C, have been attracted away from
ot her productive activities. Hence, social output is reduced by
C, and the long-run VWP of the speculator is C,.

G ven free entry of speculators into the market, we expect
specul ators to enter the market until R,=C. The only reason for
R to exceed C is if a) entry is sonehow bl ockaded, or b) there
are integer constraints which prevent R, fromexactly equalling
C, because R=C requires a fractional nunber of speculators. *
The problem posed by b) is unlikely to be very serious, unless
the equilibriumhas only a small N. The problem posed by a) is

unlikely to occur, so long as there is "equal opportunity”
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specul ation. Note that |ack of "equal opportunity” in

specul ati on woul d have both efficiency and equity inplictions.

VII. Conputations of VMP's and Wl fare Losses

This section reports results of a conputer simulation to
conput e possible ratios of deadwei ght |oss and VMP. No
particul ar assunption is made about the relative | engths of
period 1 and period 2 and no effort is nade to nake period 1
arbitrarily short. Since the tested paraneters are not based on
known enpirical values, the simulation should only be taken to
suggest a range of theoretical possibilities for the extent of
cost-inefficiency of futures nmarkets.

I nspection of (20), (21), (23), and (24) indicates that

deadwei ght | osses are unaffected by the paraneters A,, A, and o,.
The paraneters B, and B, affect the deadwei ght | osses in obvious
ways which require no conputer sinulation to determ ne.
I nspection of (Cl1) indicates that R, is unaffected by A, A, and
B,. The paraneters B, and o, affect R in obvious ways which
require no conputer sinmulation to determne. The paraneter o,
has a constant effect on the deadwei ght | osses and no effect on
R. W can without |oss of generality set o,=0. |If speculators
had been nodel ed as risk averse, rather than risk neutral, o,
m ght well have had sone influence on nmarket outcones.

In the conmputer nodel, | normalize B,=o0,=1 and nornalize

A=A,=0,=0. | allow ¢;*> and o, to vary independently through the
range of values: .0001, .001, .01, .1, 1, 10, 100, 1000, 10000.
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| also allow N, to vary through the range of values: 3, 10, 30,
100, 300, 1000. | allow Bs to vary through the range of val ues:
.04, .2, 1, 5, 25. This neans that 9x9x6x5 = 2,430 cases were
tested. Because of the integer constraint, we nust assune that
C lies somewhere between R (N=N,) and R(N=N+1). In ny
calculations | assuned that C =R (N=N+.5).

G ven the exogenous paraneters, the nodel conputes the
endogenous behavi oral paraneters, B;, B,, G, A, and A, and

conputes the various outcones, R,, L, W, VMP, etc. The node

al so conputes the optinmal nunber of forecasters, N, in the

optimal forecasting institution. |If this nunber is greater than
2, | ignore integer constraints and sinply use whatever
fractional nunber is conmputed. |If the conputed N, is |ess than
2, | specifically determ ne whether the optinmal nunber of

forecasters is 0, 1, or 2. Frequently, the optiml nunber is
zero.

In order to conpute the efficiency of the futures market, it
I S necessary to have sone neasure of "efficiency.” One such
nmeasure is:

RL, = (W, - W) (30)

(W, - L)
This ratio tells us the lost welfare of the futures market as a
multiple of the lost welfare of the optinmal forecasting
institution. This ratio of |osses can never be |less than zero,
which inplies perfect efficiency. 1In the range of paraneters

sanpled, RL; varied from.00017 to 1799, with a nean of 39.87.
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The nedi an was 3.601, and the interquartile range was .8152 to
22.98. Depending on what sets of paraneter values are
enpirically likely, the financial nmarkets m ght be either fairly
efficient, or grossly inefficient.
Another loss ratio of possible interest is the follow ng:
RL, = (W, - L,) (31)
(Lo - Ly

This ratio of losses tells us the welfare | oss of the futures

mar ket relative to the difference in deadweight |oss (L,-L,)

bet ween having no information and having perfect know edge of the
signal S. This ratio can never be |ess than negative one. |If
the ratio is greater than zero, this neans that the futures

mar ket has made society worse off than if society had spent no
resources at all in collecting information. This could occur,

for instance, if the futures market encouraged too nuch expensive
I nformation gathering relative to the value of that information
to society. |If the ratio is less than zero, then society is
better off with a futures narket.

For the range of paraneters sanpled, RL, ranged from-1 to
1799. The nedian was -.007152 and the interquartile range was
-.9331 to 3.078. In nearly half (49% of the cases RL, was
greater than zero, indicating that having a futures market is
worse than collecting no information at all. The 10th percentile
was 30.77 and the 5th percentile was 89.70. The nean val ue of
RL, in the sanple was 23.42. In other words, having a futures

market is, on average in this sanple, at |east twenty tinmes worse
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than having no futures market at all.

The denom nator of RL,, (L,-L), varies in the sanple only
when B, varies. The nean value of RL, rises as B, falls. This
mean value is 2.797 when B,=25, 3.328 when B,=5, 5.985 when B.=1,
19. 27 when B,=.2, and 85.71 when B,=.04. As B, approaches zero
(B,=0 inplies vertical supply curve), RL, approaches infinity,
since the social value of information approaches zero, yet the
futures market spends costly resources to acquire it.

Anot her factor which significantly influences the val ue of
RL, is 0,° As o, rises, the calculated value of RL, also rises.
Wien o,=.01 the nmean value of RL, in the sanple is -.6432. \When
0,=1 the nmean value of RL, is 0.824, and when o,=100 t he nean
value of RL, is 147.5. CQbviously, enpirical work is needed to
determ ne what ranges of paraneter values are realistic. Theory
al one can not offer sanguine concl usions about the informtional
cost efficiency of financial nmarkets.

It may be useful to consider the possible sources of welfare
loss. If we switch fromthe futures market to the opti mal
forecasting institution, keeping constant for the nunber of
forecasters, we can define a new |l oss ratio:

RL, = [LA{N=N,) - L,(N=N)] (32)

[V, - VL]
The nedian value of RL; is .0081, the interquartile range is
.0005 to .13, and the full range is .000000065 to .9999. Since
RL, is usually small, this inplies that nost of the welfare | oss

usually comes fromattracting the wong nunber of inforned
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specul ators into the market. Generally speaking, the "wong
nunber” turned out to be too high rather than too low. In over
85% of the cases sanpled, informed speculators were paid nore
than their nmediumrun VMP. The ratio R,/VMP, ranged from.O0115
to 7,693,000, with a nedian value of 69.9 and an interquartile
range of 4.02 to 1, 041.

RL, consists of two conponents, the | oss due to noise (the
variation in Z) and the | oss due to suboptimal values of G,
Both | osses result frominefficient utilization of information
relative to what was available to the market. The proportion of
| oss contributed by noise ranged from50%to 100% of RL,, and
conversely, the proportion contributed by bias in G, ranged from
0%to 50% In a nodel with finite M downward bias in average

price would be an additional source of deadwei ght | oss.

VIIl. Summary and Concl usi ons

In a nodel with risk-neutral specul ators and noncol | usive
| nperfect conpetition wth consistent conjectures and rational
expectations, it was shown a) that there is no incentive to
gather costly information unless the nmarket has exogenous noi se,
b) that the ratio of speculators' conpensation to their VW
I ncreases with the anmount of noise, c) that the ratio of
specul ators' conpensation to their VMP increases as the tine
I nterval during which private information is held is reduced, and
d) that financial markets are inefficient wwth respect to the

costs incurred in gathering information. Conclusions (a) and (b)
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are unsurprising, given the nodels and reasoning in Gossnman and
Stiglitz (1980) and Kyle (1989). Conclusions (c) and (d) are
specific to this paper and tend to support Sanuel son's

conj ecture.

G ven that speculators are frequently paid either nore or
| ess than their nmediumrun VMP, and there appears to be no
mechani sm whi ch assures equality, it is not surprising that
subopti mal nunbers of inforned speculators are the main cause of
mar ket i nefficiency. Another cause of inefficiency, which runs a
di stant second, is the randommess of price which is caused by
mar ket noise. A third source of inefficiency is the inefficient
utilization of the information which is available to inforned
specul ators. A fourth source of inefficiency, the magnitude of
whi ch was not neasured in this paper, is the dowmward bi as of
average market price, whenever there are only a finite nunber of
uni nfornmed specul ators in the market.

One possi bl e drawback of the present nodel is that "noise
tradi ng" is exogenously specified as an i ndependent paraneter of
the nodel. An increase in noise trading increases the profits to
I nformed specul ators, but it also increases the | osses to noise
traders. At sone point, the potential |osses fromnoise trading
nmust i npose sonme constraint on the anobunt of noise trading which
may occur. This in turn would |imt the size of the "fortunes”
whi ch m ght be earned frominfornmed speculation. An enpirica
exam nation of the extent of noise trading and ot her paraneters

I's necessary to fully answer the questions raised by Samuel son's
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conj ecture.
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Appendi x A.  Behavi or of Specul ators
The revenue of the uninformed speculator is given by:
R, = Q{(P,-P) (A1)
Assume that all other specul ators behave according to (4)
and (5), but that one particul ar specul ator behaves according to:
Qn = An - BiP: (A2)
The val ues of P, and (P,-P,) are obtained from equations (9)

and (14), provided we substitute:

Ao = A+ A,

B, = B, + B, (A3)
wher e

A = -A + (M)A, + NA

B, = B, + (M1)B, + NB

Maki ng all appropriate substitutions and taking expectations, we

obt ai n:
R, = AAL/ By - ABAY (ByBy) - BLAA (ByBy) (A4)
- B,GNo.% (B,B,) + B.B.;A% (B,’B,)
+ BBl 0 / (By°By)
wher e Oy = 0,°+G*No,*+G *No, ? ( A5)

The uni nfornmed specul ator nust choose A, and B, to nmaxi m ze
R,in (A4). The first-order conditions are:
(dR/ dA,) = A,/ B, - B, A/ (B,By) ( AB)
- AB. (BBy) - B, A/ (ByBy)
+ 2B,B,sA/ (By,’By) = 0
(dR{ dB,) = AB.A/ (ByBy) (A7)
+ B (By"Bg) - AgsAy/ (BoBy)
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- GN(6.2)/(ByB,) + BGN 5.2/ (B,B,)
+ B,gA’ (By’By) - 2B,BisA (By°By)
+ B[ o]/ (By°By) - 2BB. o]/ (BB) =0
If we multiply (A6) by (B,°B,) and sinplify, we obtain:
0 = AL(B;+B,) B, + B,,(AB,; AB,;-2AB,)) (A8)
I[f we nultiply (A6) by A,/ B, and add to (A7), multiply the
result by (B,°By), and sinplify, we obtain:
0 = -GN(0,%) (B,+B) B, + B[ o] (B,-B) (29)
The revenue of the informed speculator is given by:
R, = Q(P,-P) ( A10)
Assume that all other specul ators behave according to (4)
and (5), but that one inforned specul ator behaves according to:
Q =A - BP, +GJI, (A11)
The val ues of P, and (P,-P,) are obtained from equations (9)
and (14), provided we substitute:
Ao = A + A
B, = B, + B, (Al2)
Gl = Glj, + GI,
wher e A, = -A + VA, + (NDA
B, = B, + MB, + (N-1)B,
Maki ng all appropriate substitutions and taking expectations, we
obt ai n:
R, = AA/ By + G(05) /By - BAA/ (ByBy) (AL3)
- B[ (N1)G+G] (05°)/ (BeBy) - ABA/ (ByBy)
- GBy[ (05%) ((N-1) G+G) +( ;) Gl / (B,By)
+ B,B,,A/ (By’By) + BByl 0,]/ (B,°By)
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wher e op = 0,7 *+ (0°) [ G*(N 1) *+2G G+G/] (A14)
+ (6 [G*(N1)+G]
The first-order conditions for the inforned specul ator are:
(dR/dA) = A,/ By - B, A/ (ByBy) (A15)
- B A/ (BB, - A.Byy/ (ByBy)
+ 2B,B,;A/ (By,’By) = 0
(dR/dB,) = - AiA/ (ByBy) + B,Ai A/ (ByBy) (A16)
- [(N1)G+G] (0,%) / (ByBy)
+ B (N-1) G+G] (0,%) / ( By’By)
+ ABy A/ (By?By) + BAg?l (ByBy)
- 2B,B, A’ (By’By)
+ GBy[ ((N1) G+G) (0,°) +G,(6,%) 1/ (By’By)
+ Byl 0,] / (By?By) - 2B,By[ o]/ (B,°B;) = 0
(dR/dG) = (o.%)/ B, - (o) By (ByBy) (AL7)
- BgGil 05°+0,%] / ( B,By)
- Byl (N-1) G+G] (0,%) +G,( ;%) / (B,By)
+ 2B,By{ [ (N-1) G+G] (0,%) +G(6;°) }/ (By’By) = 0
If we multiply (A15) by (B,B,) and sinplify, we obtain:
0 = AL(B,*+B,) B, + B, (AB,- A,B,-2AB,) (A18)
If we multiply (A15) by A,/ B, and add to (A16), nmultiply the
result by (By,’B,), and sinplify, we obtain:
0 = -[(N1)G+G] (5. (B,+B,) B, (AL19)
+ BoG{[ (N1) G+G] (6,°) +G( %) } (B,+B,)
+ Byl o] (B,-B,)
If we multiply (A17) by (B,°By) and sinplify, we obtain:
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0 = ( C552) ( BZ+Bn) BZ - BsdGh( BZ+Bn) [ C552-{-0_i 2] (AZO)
B.u( By~ B) { [ (N-1) G+G] (%) +G,( %) }

Appendi x B. Symmetric Specul ator Equilibrium
In order to conpute the symretric market equilibrium we
| npose symmetry by substituting A=A, B,=B, A=A, B=B, and
G=G into equations (A8), (A9), (A18), (A19), and (A20), and |et
R=R, and R=R,. Inspection of equations (A8) and (A18) indicate
that A, and A, are conputable as linear functions, given
know edge of B,, B, and the basic paraneters. These equations
can be rearranged to produce the linear system
A MBy+B,- 2VB,] + A [ NB,- 2NB,] (B1)
= (A./ B,) By(B,-B,) + A.(B,-2B,)
A MB,-2MB.] + A [ NB,+By- 2NB ] (B2)
= (A./ B,) By(B,-B) + A/(B,-2B)
Simlarly, inspection of (A20) indicates that G, is also
conput abl e as a sinple function, given know edge of B, B, and
the basic paraneters. This equation can be rearranged as:

G = (Bo-Bi) By (B3)

B.,[ (NB,+B,- 2NB,) +2( B,- B) ( ,%/ 6,2 ]
This | eaves B, and B, as crucial behavioral paraneters which
must be conputed fromthe basic paraneters. Substituting for G;
from(B3) into (A9) and (A19), and sinplifying, we obtain:
- (0 ) N(By-B)) [ By+(N-1) B,- NB ] (B4)
-(6;)N(B,-B) (B,-B) + (B,-2B)Z, =0
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-(6,2) (N1)(B,-B)(By-B) + (By-2B)Z, = 0 (B5)
wher e Z.=(0,%) B.,’[ (NB,+B,- 2NB,) +2(B,- B) (0,4 5.%) 1% (B,®)
If we solve for Z, from (B4) and (B5) and equate, we obtain
the follow ng additional relationship:
( %) N( By+(N-1) B,- NB,) ( B,- 2B,) (B6)
+ (0,%) (B,+2(N-1) B,-2NB,) (B,-B)) = 0

Appendi x C. Zero-Cost Entry by Uni nformed Specul ators
Define aggregate variables, A, and B,, as follows:
A, = MA, and B, = MB, (1)
Equations (Bl), (B2), (B4), and (B6) becone:

Al Bo] + ANB] (C2)
= (Ags! Bsa) Bo(By) + A(By)
Al By-2B] + A[NBy+By- 2NB ] gec)

= (Ag/ Byy) Bo(By-B;) + A(B, 2B)
- (6,°) N(By- By) [ By- NB;] (C4)
-(6,>)N(By-B))(By,-B) + (By)Z, =0
(05%) N(By- NB,) ( B,- 2B)) (C5)
+ (0,°)(By-2NB,) (B,-B) =0
Equations (B3) and (B5) remain the sane.
Define k=B, B,. Substituting B,=kB, into (C5) and dividing
by B? we obtain a quadratic equation in k. Define t=c7% o/
The solution for k is:

6
k = N#2 + (N#L)t + SOR[[(N-2) (N#t) +(N-1)t] 2+8(N—1)t(l£l+t))}

2 2(N+t) 2(N+t)

By substituting By,=kB, into (B5), we can show
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B, = 0,B,Y (C7)

O
where Y = (Nk+k- 2N+2kt - 2t ) SQR(k- 2) (C8)
(k-1) kSQR(k(N-1))
From (B3) we can then show
G = B, SQR( k- 2) (C9)
B,Y SQR(k(N-1))

From (C2), (C3), and (A3) we can deri ve:

Aa = (Ads/ Bsd) ( k- N) Bi + As (ClO)
Ai = (Ads/ Bsd) Bi
AO = (Ads/ Bsd) kBI

From (Al13) we can deri ve:

R = o.%0,[ K3( N+1+2t) +k?( - N2- 6N- 2Nt - 2- 7t

) (C11)
+k( SN2+8N+8Nt +5t ) +( - 6N 6Nt ) ]

B.k®Yo, (N-1) (k- 1)
It is noteworthy that B,, G, A, B,, A, and R are al
proportional to o,. For the special case where t=1 (o,=0,), it

can be shown:

B, = 0,B,,SQR(N+1) (C12)
o N

B, = (N+1) B, (C13)

G = NB, (Cl14)
Byy(N+1)

A = (A./ BB (C15)

A, = (N+1) (A./ By B, (Cl6)

From (9) we can (by setting Z=0 and | ;,=0) determ ne the
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average price which occurs in the marketplace. This price is
A/ By, which equals A,/By, in the nodel here. On average, this
price i s unbiased conpared with the average price (P,) which

sol ves the fundanental s equation (3) for P,=P, when X=0.
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FOOTNOTES
1. See, for exanple, Silver (1989, p. 75) and Kirzner (1978).

2. Citics of the efficiency of financial markets include:
Shiller (1981) who clains that financial markets are subject to
excess volatility, DeBondt and Thal er (1985) who claimthat

mar ket s overreact to new information, De Long, et al (1989) who
estimate substantial reductions in the stock of equity capital
due to noise trading (p. 695), and Shleifer and Vishny (1990) who
claimthat traders concentrate too nmuch attention on predicting
short-term price changes rather than | ong-term fundanental s.

St ock market crashes al so suggest a rejection of any extrene form
of rational expectations nodel. This paper nmakes a separate and
i ndependent criticismwth respect to the cost efficiency of

I nformati on acqui sition.

3. See Lundgren (1994) for a description of forecasting
I ncentives based on VMP.

4. |If effort per speculator is elastic (unlike in the present

nodel ), it may well be that even small N would not result in
signi ficant speculator rents, absent coll usion.
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