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INTRODUCTION

Section S of the Commodity Exchange Act (CEA) proscrihes manipu-
lation and requires exchanges to take extensive precautions to deter
it. Moreover, the Commodity Futures Trading C'ommission expends
considerable resources on surveillance of trading activities to ;Utempl to
identify potential manipulative situations. In addition, many restrictions
on trader activities-most notably position limits-are intended at least
in part to deter manipulation.

Ibis extensive regulation is predicated on a belief tbat futures mar-
kets are inherently vulnerable to tbe exercise of market power. This view
is expressed clearly in the Senate Report on the bill reautbori/ing tbe
CEIC in 1977. Tbis report states tbat the anti-manipulation provisions
in tbe CEA were "based on conclusions by Congress thai... (jutu res j
truHsactiotis are susceptible to manipulation und control, and may gen-
erate sudden and unreasonable price lluctuations, and . . . sucb fluctua-
tions arc a burden on interstate commerce." (Empbasis added.)

Altbougb bistorica! evidence from tbe period preceding tbe passage
of Federal commodity laws strongly suggests tbat manipulation is a
potential policy concern, such categorical assertions tbat manipula-
tion would be rife in futures markets absent regulation are largely
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tmsupported by theorv' or evidence. Cliven tbat anti-manipulation regula-
tions can demoralize legitimate trading activity, government intervention
premised on tbe view tbat corners are cbronic in unregulated markets
could impose appreciable costs on market users witbout providing a
larger benefit in return.

A more balanced evaluation of ibe vulnerability of modern futures
markets to manipulation requires a clear understanding of (a) bow
manipulation can occur in equilibrium, and (b) what determines the
severity and frequency of corners. The first issue is important because
it is by no means a trivial task to acquire market power from intelligent
traders alive to tbe possibility of a squce/e. Tbe second issue is fun-
damental to tbe determination of the potential benefits of alternative
means of deterring manipulation.

Tbe existing literature does not address these issues in a satis-
factory way. The model of Kyle (1984) derives sufficient conditions
for manipulation to occur in equilibrium, but these conditions are so
restrictive that they cannot explain how a corner or squeeze occurred
in any actual market. For example, the Kyle model seems incapable
ot explaining how traders were able to corner periodically tbe grain
and cotton markets in tbe I9tb and early 20tb centuries. In contrast,
tbe model of Jarrow (1992) suggests tbal manipulation sbould almost
always occur. His model cannot explain wby s() many markets are not
cornered. Moreover, neither model provides much insight regarding tbe
factors thai determine the degree to vvhich a market is vulnerable to
manipulation.

The third, fourth, and fifth sections of this article present a
formal model that sheds light on each of tbese issues. Tbe model
demonstrates that two conditions are sufficient for manipulation to
occur in equilibrium. First, in tbe model, the flow of orders for execution
on the trading floor is random. That is, there are "noise traders."
Second, the supply curve in tbe dehverv market is upward sloping. Given
tbesc conditions, a trader with sufficiently large capital can utilize a
randomized trading strategy to amass a position that allows him to corner
the markel witb positive probability. Tbe increasing marginal cost of
deliver) makes squeezing the market profitable if a trader holds a large
enough position, whereas the variability of tbe order flow provides the
camouflage necessary for him to acquire from time to time such a large
position at a price sufficiently low to make this strategy profitable.

Il is important to note tbat altbougb tbe mode! implies tbat tbe
probability of manipulation is positive, it does not imply tbat tbis
probability is large. A simulation analysis in tbe sixtb section of tbe
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article demonstrates tbat tbis probability depends upon tbe variance ol
the order Bow and the elasticities of supply and demand in tbe delivery
market. The probability o( manipulation is small if the not order flow
varies little and/or it supply in the deliver^' market is verv clastic. Thus,
futures markets are not unilormly vulnerable to manipulation.

It must also he recognized tbat altboLigh the formal mode! locuses
on some important features of lutures markets, it necessarily abstracts
trom otber factors tbat influence the profitability of manipulation. The
seventb section of the article sbows tbat if market makers or commercial
traders bave sotirces ot inlormation in addition to tbe order flow, or if
tbe short side of a market is sometimes concentrated, tbe profitability
of manipulation is less tban wbat tbo article's formal model predicts.

LITERATURE REVIEW

Ihe Itindamental problem confronting any would be manipulator is:
Hov\ can be induce otber traders (who arc alive to the prospect of
a potential corner) to sel! contracts to him at a price low enotigh lo
allow him to squeeze ihe market and earn a proiit in the process? Three
models have attempted to answer this question. For a variety of reasons,
however, each ot these models fails to explain some imp<jrtant stylized
facts about manipulation.

Kyle's (1984) tbeor\' represents the most rigorous attempt to date
to show how manipulation can occur in equilibrium. In Kyles model
a trader vvitli superior inlormation about tbe futures market order flow
from hedgers exploits tbis advantage by amassing a large long position
(wbicb allows him to squeeze the market at deliver)) when hedgers
sell large numbers of contracts. Hedgers and other traders, who can
only observe tbe combined bedger-informed trader order How, cannot
detect bis jjrcsence in tbe market. Ibey therefore sell at a price that on
average is below the spot price tbat prevails at expiration in the event of
a squeeze. Thus, tbe informed trader earns a profit, and manipulation
occtirs in equilibrium in Kyle's model.

Altbough the model is quite elegant, the sufficient condition for
manipulation that drives this restilt is very restrictive; a trader must
have superior information on hedger order flow. It is quite doubtful
whether this condition obtains in practice, given the great lengths lo
which traders go to conceal tbeir activities, and the large numbers

* r h r moilf i (if Vila ( i4M8) is vt'r\ simil.ir tu KUf 's . Mos t imporUiniK, V'iLi's m a n i p u l a t o r iilso

iibsfTVfs IIH* lu 'dger o rde r ll<i".
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of bedgers and speculators present in most markets. Tbus, tbis model
cannot explain bow tbe historical manipulations in tho grain and cotton
markets chronicled by Taylor (1917), Andreas (1887), and Bouilly
(197S) occurred. Moreover, tbe verv' stylized model of the costs of
deliver)' makes it diflicull to determine bow tbe susceptibility of a market
to manipulation varies witb casb market cbaracteristics.

Jarrow (1992) also presents a model in which manipulation occurs
in equilibrium. He argues tbat a large trader that acquires a long position
in a derivative security and the security deliverable against tbe derivative
tbat is larger tban tbe total deliverable supply can profitably squeeze
shorts by forcing tbem to settle tbeir positions at an arbitrarily bigb price.
Jarrow proves tbat if tbe large long can indeed specify any settlement
price he cbooscs, be can always profitably corner and squeeze tbe market
(with no risk ot a tinancial loss) regardless of the price generating process
prior to the delivery period.

Tbis tbeor)' presents some rather serious problems. Most impor-
tantly, it seems lo explain too tnucb. If a large trader can always
manipulate the market by simply buying a large position and then
cbarging an arbitrarily bigb price to ensure tbat be can liquidate tbis
position at a profit, wby doesn t manipulation occur more frequently?
Thus, the Jarrow theor)- cannot explain the relative rarity of corners,
even during tbeir beyday in tbe late 19tb century.

Tbe reason manipulations do not always occur (even in the absence
of regulatory or legal impediments to tbis practice) is clear: Jarrow's
assumption that a large long trader can force shorts to settle at an
arbitrarily high price is clearly wrong. In the context of a physical
commodity market, in almost all circumstances additional supplies can
be brought to tbe delivery market at finite cost, and tbis cost places
an upper bound upon tbe price a manipulator can extract. See Pirrong
(1993) tor a detailed analysis of the determinants of the marginal cost
of augmenting deliverable supplies. Even if a trader accumulates claims
ibat exceed tbe total supply of a commodity or security, bowever, tbe
price be can squeeze from sborts is limited by their ability to default
against their obligations to deliver. At most, tbe manipulator can extract
all bis (finite) wealth. As long as sucb an upper bound on tbe price a
manipulator can set exists, Jarrow's result no longer bolds for an arbitrary
equilibrium price process even if this upper bound is very large.

Finally, in tbe context of a structural noise trader model in tbe spirit
of Kyle (I98S), Kumar and Seppi (1992) demonstrate tbat manipulation
can occur in a cash-seltled futures contract. This theory does not specify
a model of market clearing via delivery, and therefore it cannot explain
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how squeezes and ct)rners occur in equilibrium. It does contain a key
insight, bowever, ibat can bo used to construct a model in wbicb a
delivery settled contract is manipulated. Spocitically, Kumar and Seppi
sbow tbat if order flow in ibe futures and casb markets is unpredictable,
randomized trading may allow an individual to obtain a tutures position
tbat permits him to manipulate profitability tbe cash markel al ibe
expiration date ot tbe tutures contract. Tbis sort of trading is ospeciaNy
profitable if tbe manipulator's wcallb is unpredictable, as tbis adds an
additional element of noise to ibe problem facing market makers.

Aitbough tbo Kumar-Seppi tbeorv is not directly applicable to
delivery settled markets, tbo models in ibe fourth and fiftb sections
demonstrate tbat a different sort of randomization strategy is profitable
in tbis case as well. To demonstrate ibis result, it is first necessary- to
specify models of (a) tbe price determination process dtiring tho deliver)'
period, and (b) tbe futures trading process prior to tbe delivery period.
This is tbe subject of tbe next section.

A MODEL OF FUTURES TRADING

Consider tbe following simple model of a futures market. At time /
traders can negotiate fulures contracts that oxpiro at T > (. Tho futures
contract is delivery settled. Tradors may therefore exit their positions al
T cither via delivery, or by taking an offsetting position in tbe futures
market.

As in tbe insider-trading model of Kyle (1985) botb noise tradors
and market makers participate in tbe ( period futures market. Noise
traders arc eitber hedgers or speculators, and aro uniformed and
atomistic. Tboy trade by submitting market orders Lo tbe floor of tbe
exebange at (. Tbe nel order flow from tbo noise traders equals rj,
vvboro 77 is a random variable with probability donsity (ftir)). Market
makers observe ibe order flow, aot as perfect oompetitors, and absorb
tbo net order flow at a price equal to tbe prico oxpectod to provaii at T,
wbere tho expectation is conditional upon tbe ordor flow. In addition
to tbe noise traders and markel makers, tbere is a large risk neutral
trador—trader I—wbo can buy or sell an arbitrarily largo quantily of
contracts al bis discretion.

Conditions in tbe market at / are as follows. Stocks of the cotn-
modity at the delivery point equal q^yiS), where B is a vector of
parameters that atfect supply and demand conditions. At time ( traders
do not necessarily observe B, altbougb tbey do observe tbosc parameters
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at T. Thus, at (there may bo some uncertainty about supply and demand
conditions at T.

Tbe demand curve in ibo delivery market at T is P^iq, B) wbere q
is tbe quantity of stocks on band tbore, and dP[)iq,&)/dq < 0. The
marginal cost ot increasing deliverable stocks to Q ^ quiS) equals
MC(Q,B), wbere MCiQj)) > P D ( ^ S . B ) and BMC{Q,&)/dQ > 0.

Tbe delivery markel conditions at T satisfy tbe necessary conditions
for a long manipulation derived in Pirrong (1993).^ In particular, the
increasing marginal cost ot delivery itnplies tbat if trader I acquires
a futures position of size X > qi){S) and demands delivery of Q ^
(^/j(B) contracts, atomistic shorts are willing to pay a price equal to
/VlC'(y,B) > Puiqi)'^) to liquidate tbeir remaining X — Q positions.
This is true because any sbort tbat does not liquidate musl pay tbe
marginal cost of delivery to satisfy bis contractual obligations, and is
tficreloro willing to pay any prico loss tban or equal to tbat marginal
cost to close bis position by ofT-set. Ibese consideration simply ibat tbe
large trader can foroe an artificially bigb liquidation price at contract
expiration, and may therefore be able to manipulate profitably.

It is important to note tbat X > t//j(B) is not a sufficient condition
for manipulation lo ocour due to tbe so-called "burying tbe corpse'
effect. Wben a trader takes deliver)^ of ^ > ^ D ( B ) units of the commod-
ity, stocks in the delivery market rise and post-delivery spot price (i.e.. tbe
prico at 7 + dt] in that market tails due to tbe inflation in stocks. Tbe
manipulator soils ibo tinits delivered to bim at this depressed price. Tbus,
tbo large long sells those units at a price lower than the competitive price
in tbe market, P/)(t//j,B). Unless the long liquidates enougb contracts
at tbe elevated prioe AfCfQ.B) Lbe losses be incurs when "burying
tbe corpse" oxcoed tbo profits bo realizes from tbe contracts bo sells to
sborts. Trader 1 must own, tborolorc, some minimum futures position

"Pirrong (194^) also shows rb:it shor) iiianipuliilion miiy LIISD occur in spatial tommodily markets.
In il shori manipuLilinn. n iradcr sells <i large ntimbcr of fiiiiirt's contracts, then brings excessive
supplies to the delivery point, fhis dfprts,scs ibe price there, wbich allows tbe miinipiiiator [i>
repurcbase bis futures posiiifin ;it un artificially low price,
To simplify the analysis, it is assumed that traders cannot employ such sbort manipulation strategies
111 idrce ibf delivery market price nl i he low the cumpetitive price, Poiiji)). Fouling out short
manipulations does not alter dramatically the implications of the analysis. Giving trader I more
options lo distort the market must make bim hotter oft; tbus, since tbe model shows ibat be earns
a positive profit when only long manipulations are permitted, bis protit would he even larger if
sbort mtinipulalion were possible as \\t']\. Moreover. Pirrong (i993l shows tbal the conditions
ibat increase (be prolilabilitv of long manipulation reduce tbe prolilabiliLy of sbort manipulation.
One birni (it manipulation is ibereiiire iikety to dominate in practice, ( asual empiricism strongly
suj^gcsts thai long manipulation is tar more common iban its sbort cousin, so attention is focused
on the more prevalent form ol conduct.
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> tf/)(B) to make manipulation profitable. For any suob X,
tbo rovenues from restrioting liquidations exceed .VPo(i/(), B) because
a trader can earn tbis rovonuo by liquidating bis entire position at tbe
competitive price. (Tbe simulation analysis in tho sixth section provides
a simple example of the determination of Xmin- and bow it depends upon
supply and demand conditions.)

Formally, whon trador 1 buys X futures contracts at (, at T be
obooses Q to ma.vimize:

) ^ (X - Q ) ; V I C ( Q , B ) + y P / ) ( Q , B ) < X M C ( Q , B ) (1)

Tbo first term on the right-band sido equals tbo long's revonuos from
liquidating X — Q contracts. Tbo second term oquals tbo long's receipts
from sale of tbe Q units delivered to him. The inequality holds because
MC{Q, B) > Pi)iQ, B) duo to tbo burying the corpso offocl. Maximiza-
tion of this expression defines an implicit function Q(X,B), vvbore
Q(X,B) > t/*j(B) for all X > X,,,in(B). and Q(X,B) = 0 otberuiso.
Tbis function reports the number of deliveries lbe manipulator acoopts
to maximize bis profit, given tbe size of bis position.

lbe foregoing implies tbat tbe delivery markot prico at contract
expiration — and bonce tbe futures price al T—oquals P/j(t//j(B), B)
if trader t bas acquired less tban Xmin(B) units of tbo commodity.
Conversely, if be purcbases X > Xmin(B) tinits at (, tho price at 7 equals
M C { Q ( X , ' B ) , B ) = MC(X,B) > P;>(^r)(B)-B).

Rocall that at (, traders may not know B. Thus, at this time thoy
mtist make decisions on ihe basis of expectations about tbese supply and
demand parameters. Define ,^i(J^(X) ^ Ei:)MC{X,^) conditional on
information available at (, Similarly, R*(X) = EnHiX, B). and P,)(X) ^
Ef)Pl)iX. B). Both oxpoctations arc conditional on information available
at (, For simplicity, assume tbat all parlies bavo acooss lo the same
information about B as ot /.

Sinco tbe prioe at 7 varies witb tbo sizo of Irader I s position, tbe
price at t must depend upon tbo markot makers' information concerning
the si/e of trader Ts order. Tbo ordor flow mav communioato some

' it may be lbe case tbal tbe manipulator does nut know (-) at 7, In tbis case, he maximizes
bis c\pettt'd revenue, cundilional upon bis informatitm .ihiiiil tbe supply and demand paramelers,
Lncertiiinty about ("> at f can explain a pbenomenon sometimes observed in actual corner attempts,
namely the collapse of a manipulatian caused h\ an unexpected avalanche ol deliveries. 11 the large
long under-estimates the elasticity of supply in tbe delivery market and demands too higb a priee
lo JKjuidale, sborts may deliver far more tban be expects, 1 his can impose ruinous liis.ses upon the
long, Ihe spectacular failure of a wheat corner attempted in 1872 may represent one pmniinent
e.\aniplf of tbis pbenomenon. jSee Taylor ( I')l7l. vol, 2,| The results cifthe models derived in tho
liflii and sixth sections slilt bold even in [be e.ise uhere trader ! dties not know B lor certain at J,



20 Pirrong

information about bis trading activity, and sinco market makers observe
tbe order flow, tbey cbarge a price equal to Lbo expected prico at T
conditional upon tbo realization of tbis variable. Tho following sections
sbow tbat if tbe ordor flow varios randomly, market makers are unable
to dotoct reliably tho prosonoc of a large trador. Therefore, an agent
employing a randomized trading strategy may bo able to acquire a large
position and earn a positive expected profit by squeezing tbe markot.

A SIMULTANEOUS MOVE
MANIPULATION MODEL

It is clear tbat it trador I choosos a puro trading strategy, he oarns
a negative profit with certainty. To see wby, assumo bo purcbasos
X > \niin(B|) contracts witb probability 1 by entering market orders
wbere B] is somo valuo of B ibal is realizod witb positive probability
at r. Altbougb markot makors cannot identify his particular order, if
it is known tbat be is fbliowing this strategy, tbe equilibrium futures
prico oquals MC (X ). Tbis is true because market makers know witb
certainty tbat tbis is tho price that will provaii at T. Tho cost of buying
X* contracts iboroforo equals X*MC*(X*) > R*(X*). Tbo inequality
follows from taking oxpcclations over B on botb sides of (I). Tbereforo,
trador I ex-pects to lose monoy if be employs a pure strategy of buying
oontracts; he can do hoUor by staying out of tho market altogether.

Sinoe pure stratogios are unprofitable, any manipulator must use
mixed stratogies. This section and the one following shows tbat under
certain conditions, such mixed strategies aro profitable on average, and
result in corners witb positive probability.

Tbo modol in tbis seotion assumes that trader 1 and tho market
makers cbooso tboir strategies simultaneously. Tbe primary difference
botvvoon tbis simultaneous-move model and tbe sequential model dis-
cussed in tbo next section is tbat in tbe latter, trader 1 recognizes
bow tho market makers' prioo function responds to bis cboico of trad-
ing probabilities, and incorporates tbis response into bis maximization
problem. In tbe simultanoous-niovo modol, Irader 1 takes lbe market
makors' price function as given, Thtis, lbe essential distinction between
simultaneous and sequential models is tbo information possessed by tbe
markot makers; tbe labeling of lbe models is standard terminology from
game tbeory. Tho models are complenienlary in that some results are
easier to demonstrate within tho context of ihe simultaneous model,
while others aro best sbown in tbe sequential model.
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In tbe simultaneous model, Irader I chooses a function hix) wbich
gives the probability tbal be will trade x contracts at t, vvilb h{x) ^ 0
for all X and fl^hix)dx = I. Tbe trader can sell contracts; x < 0
represents sucb a sale. SimulLanoously witb trador I s cboico of hi.),
market makers cb()t>se a pricing function P ( r ) wbich gives the price
they charge as a function ot tbo not order tlow at (.

lbe functions h (x) and P (y) aro Nash equilibrium stratogios if
and only it:

1. Given P iy),h (x) is tbo choico of h{x} tbat maximizos trader l's
oxpocLed profit, wbicb is given by lbe function:

hix}dx

and

2. Ciivon h (.v), P (}) satisfies:

wbere by Bayes' rule tbe probability of x condilional on y oquals:

Condition 1 states that given tbe pricing function tho market
makors cbuoso, trader I choosos his probability function to maximizo
expectod profit. Condition 2 states tbal givon trador l's oboioo of/i'^(x),
competition among markot makers ensures tbal the futures price equals
tbe expected spot prico at o.vpiration, wboro tho o.vpoctation is condi-
tional on tho ordor flow and on iho intormation about B available
at t.

rbe following propositions domonslrato that manipulation occurs
with positive probability in tbe simultaneous move model, and tbat
the manipulator earns a positive expected profit by employing a
mixed strategy.

Proposition 1. Assume that the distribution oj rj is continuous with
infinite support. In equilibrium, b (x) > Oforsomex > Xmin((-)\), where
B = B | at 1 with positive probability.
Proof. Tbe proof is by contradiction. Assumo ibat h (x) ^ 0 for all
X > Xmin(B) for al! roalizations of B. Civen sucb an h (.) tunction, by
(4), P*(>) ^ PD(O) for ally, wbere P/*(0) is tbe expected price at Tif no
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manipulation occurs. Givon such a choice of P iy), however, trader 1
chooses an arbitrarily largo A > Xmi,i(Bj) with probability I. Ibis is
truo because be can purchase as mucb as be wants at lbo oxpected
competitive prico, and still profitably squeeze tbe market witb positive
probability. Tbus, by contradiction, /i*(x) == 0 for all x > Xi,iin(B) for
all B cannot be an equilibrium. Q.E.D.

Tbo foregoing result demonstrates that manipulation must occur
in equilibrium of the simultaneous move gamo. That is, h (x) > 0 for
somo X > XmJii(B|) is a necessary condition ot an equilihrium. Thus,
corners and squeezes must oocur witb positive probability in equilibrium.
Ibe following proposition demonstrates, moreover, tbat trader 1 earns
a striotly positive ex'pecled proiit in tbis equilibrium.
Proposition 2. In equilibrium, Edl) = k > 0.
Proof. In a mixod strategy oquilibrium trador I oarns tbo same profit
tor any x sucb that h (A) > 0. tbat is, for all sucb A, trador t earns a
profit oqual to k. Tbus,

k = R*(x) - X f P*(x •+-
J ~ y.

lor all sucb x. For any x" such tbat h {x") ^ 0,

k > ifix") - X I P*(x" + 77)^(77)^77

Thus, if 7r(x) equals tbo largo long's profit vvbon bo oboosos x. k > 7r(x)
for ali X.

Noto tbat for somo x' < 0, k > 77(x') and K*(x') = x'P,*(O) < 0,
Moreover, sinco by Proposition I h*{x) > 0 lor somo x > X|,iin((-)|),
P*iy) > Po(0) for all y. Tboroforo, P = T - ^ P ^ x ' + T))<f>ir}) drj >
P/)(0). Consequently,

k ^ H*(x') - A' / P*(A ' + T))M-n)d-n = x'(Prj(O) - P) > 0

for x' < 0. Since tbe manipulator earns this profit for all x sucb tbat
h (x) > 0, bis oxpeotod profit equals k and is, tbereforo, positive. Q.E.D.

Togetber these propositions domonstrato that mixed matiipulative
trading is profitable on average, and corners and squeezes occur in
equilibrium. Tbis doos not imply tbat trador 1 earns a positive profit
regardloss of tbo value of 77. If 77 is a largo positive number, H'̂ (x) may be
smaller ibat xP (x + 77). For suob a realization of 77, wbicb occurs viitb
positive probability, tbe largo long loses money. Similarly, for a given 77,
trader I may experience an unfavorable draw of B at T. Given sucb an



Manipulation 23

unfavorable draw, R(x,B) < xP*(x + 77). The manipulator, however,
does earn a positive profit on average; tbus, tbe profitable manipulative
episodes more tban off-sel tho unprofitable ones.

It sbould be nolod that Proposition 1 continues to hold even if
tbere are several largo Lradors acting stratogioally. That is, tbo validity
of those propositions is not limited to the case where there is a single
manipulator. This can bo domonstratod easily by using the logic of tho
proof of Proposition 1. Spocifically, if thero arc several largo tradors,
it cannot bo an oquilibrium for all of thom to choose h{x) — 0 for
X > X,nin(H), for all possible B, as a profit opportunity would bo present
in Lbis oaso. Tbus, altbougb entry of largo traders may dissipate tbe
profits oarnod by manipulators, this doos not imply that ontry oliminatos
oornors altogether.

Sovoral rosults flow from this basic model. Tbe first rosult charac-
terizes tbe manipulator's trading activities. Spocifically:
Result 1. Trador I sells contracts witb positive probability in oquilib-
rium.

l o prove tbis rosult by contradiction, assumo for ail x > 0 such
that ^(x) > 0,

k = R*ix) - A / P*(x + -n)4>{v)dri

wbilo lor all x' < 0. h{x') - 0. Tborofore, tor sucb x',

k > R*(x') x' / * ') - x'

Assumo tbat A is tbe smallest x sucb that hix) > 0. Tboroloro, in
oquilibrium, P*(y) > /VK:*(A) > P,*(0) for all y, witb P*( >) > A'IC*(x)
for some y. Ciivon such a P ( y), bowovor, trader I can oarn an oxpected
profit greater tban k by selling x, contracts, i.o.. by cboosing A ^ —x
< 0. To soo wby, tioto tbat by doing so ho oarns a profit equal to

- X

Thus, hi — x) ^ 0 cannot bo an oquilibrium stratogy. By conlradiction,
ibis implios tbat in oquilibrium tbe trador 1 must sell contracts witb
positive probability.

Tbe foregoing rosult implios tbat manipulators sbould botb buy and
sol! fulures contracts, and do so in an unpredictable fasbion. Historical
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descriptions of tbe activities of famous manipulators (sucb as Tbomas
"Old Fiutcb" Hutcbinson at tbo Chicago Board of Trade and Artbur
Patten on tbat excbango and tbe New York Cotton Exobange) are
consistent with the behavior predicted by the model. In particular, as
Taylor (1917) and Kolb and Spiller (1990) note, these men traded
erratically and unpredictably. Sometimes tbey bought contracts, and
sometimes tbey sold ibom. Other tradors tried to ascertain the activities
of these "plungers," hut their ability to trade actively and secretly in tbe
tumult ot the grain and cotton pits allowed tbem to change direction
and manipulate successfully with some frequency.

The other two results pertain to the effects of mixod manipulative
strategies on tbe depth of the futures market and tbe informativeness
of futures prices.
Result 2. Mixed manipulative strategies reduce markot deptb.

In the absence of manipulation and asymmetrically informed tra-
ding in tbe model, tbe futures market is infinitely deep. Tbat is, tbe price
in tbe futures market does not depend upon tbo size of tbo order flow.
If traders oan employ mixed manipulative stratogies, bowever, tbis is no
longer true. To soo why, tako the derivative of the first order condition

k = R*(A) - X / P*(x + 77)0(77)̂ /77

with respect to x. Tbis produces:

dx

This equation holds because tbo envelope theorem applied to (I) implies
^Ax, 0 ) = MC(x, 0 ) for all realizations of 0 . Tbus for all x

P*(x + 77)0(77)^77

Tako X > 0. (A similar argtiment holds for x < 0,) The right-hand
side of this expression is striotly positive because xMC*{x) > R*(x) =
k + xEPir) + x) > 0. Thus, the loft-hand sido is positive as well. For
positive A, this implies:

dP*ix + 77) , , ,
^ 0 ( 7 7 ) i > O (3)dx

This must be true tor ail x. Expression (3) oan be rewritten as

P ( v )
• • 0(y - x)^r > 0 (4)

d\
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Sinco 0( y - x) > 0 for all y and v, (4) slates thai the expected cbange
in tbo futures prico at ( tbat results from a small, positive idy) increase
in tbe observed order flow is positive for al! x. Sinoe noiso traders and
tbo manipulator do not know wbat lbo actual ordor flow will be when
tbey submit tbeir orders for execution at t, tbis means tbat tbey pay
a higbor prico on average, tho largor tho not ordor flow. Thus, buyers
anticipate tbat they will lose if ordor flow is an unusually large positive
number, vviiile soUors anticipate ibat they vsill lose it order tlow is
an unusually large nogalivo number. Put anotbor way, lbe market is
nt) longer infinitely doep when a trador employs a mixed manipula-
tion strategy.
Resuli 3. Mixod manipulativo stratogios roduoo tbo intormativonoss of
tbo futuros prico.

In lbo absonoo ot manipulation, tbe fuluros prioo al t equals
E H P D ( 0 ) - Tbus, uninformed individuals can infor information about 0
(i.e., about ftindamental supply and demand conditions) by observing the
futures prico. Whon manipulatioTi oan occur, however, tho futures price
equals He,jj,A['"*/j(B) + e(B,77,X)], where e(.,.,.) is the manipulativo
prico premium at t. Sinco 77 and X aro random variablos, the distribution
of B conditional on E^) ^^ ^[P[){S} + e(0,77,x)] and E(.)Pi)iS) does not
depend upon E(̂  ,, ^.[Po(0) + e (0 , 77,x)], Tbat is, tbo manipulabie fu-
luros prico is noisior than tbe non-manipulablo tuturos prico. Iberefore,
tbo ftitures prioe is a less informative signal of B wben manipulation
can ooour ihan wben it cannot.

A SEQUENTIAL MOVE
MANIPULATION MODEL

Tbis section demonstrates that mixod manipulativo strategies aro pro-
fitable even if market makers cbooso their pricing strategies after ob-
serving trador Ts trading stratogy as long as they do not ohserve his
actual trade. Ihis altornativo mode! is useful for two reasons. First, it
demonstrates that mixed manipulative oquilihria are robust to assump-
tions about tbe information possessed by markot makors. Second, givon
some simplifying assumptions, it is possible to simtiiato tbe optimal
strategy in tho soquential modol, whereas this is not feasible in tbe
simultaneous movo sot-up. This permits an atialysis of tho comparative
statics results. This exercise is carried out in the following section.

In this model, trader l's stratogy spocifies a function fix), where
ho purchases x contracts at ( with probability fix). As before, x < 0
represents a sale of contracts. Since fix) is a probability function.
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fix) ^ 0 for all X, and ['!-,_ fix) dx = 1. in tbe sequential model,
trader 1 chooses fix) first. Competitive Bayosian market makers know
this function, and observe a not order flow of y. Given this information,
tbey oboose a price equal to:

Priy) = K,(/VIC*(A)|y ^ A + 77) -

vvbero, by Bayes' rule,

. , . -^(v - x)fix)

0(y - X)/(A) + j <t>{y - z)fiz)dz

Given this response by market makers, trader 1 earns tho following
expected profit wbon be selects strategy fix):

V))]fix)dx

The first term insido the brackots oquals trader I s revenues al T, given
that be acquires x contracts at (. Tbe second torm gives the cost be
oxpoots to pay for those x positions. This cost is uncertain because by
(S) tbe price markot makors actually charge depends upon tbe realization
of 1), wbicb occurs after trader ! submits bis markot order.

An examination of (S) reveals that it is possible tbat the markot
makors may underestimate the true probability of a manipulation and
cbargo trader 1 a prico bolow MCiQiX)) wben be purchases X con-
tracts. Proposition 3 proves that this allows him to squeeze the market
profitably.

Proposition 3. Asstmie the distribution of 77 is continuous with infinite
support. Then there exists a function f (.), where trader 1 purchases x
contracts with probability f(\), such that (a) he manipulates at T with
positive probability (i.e., f-^ ,f:)|f(x)dx > 0 for some value o / B | that
is realized with positive probability), and (b) he earns a positixe expected
profit ii.e., Edl) > 0).

Proof. Assume tbat trader I submits a market order equal to X* >
Xmin(B|) witb probability p and submits no order witb probability 1 — p.
Tbus, /(X*) = p wbilo fix) ^ 0 for x =̂  X*. If tbe noise trader order
flow oquals 77, tbe prico trader I pays when he trades x contracts equals
tbe expected price at T, conditional on y = X -I- 77. Given tbis fix)
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and y, tho ftitures price equals:

,VIC*(X*)p0(y - X*)

- X*) + (! - p ) f 0 ( y

P0(> - X*:

p0(y - X*) + i\
(6)

Given this extremely naive strategy, trador I s expected profit
oquals:

* ) ) ( i ) 0 + f [ R * ( X * ) X * P ( 7 7 ^ X *£(ri(X*,p)) ^ (i - p) • 0 + p f [R*(X*) - X*PF(77 ^ X*)]
J •(.

• 0(77) ci 77

Consider tiie bracketed term [i?(X*) - X*P) (7; + X*)]. In the soquen-

tial gamo. trader 1 rocogni/os that bis cboico of p affects tbo Pf-i.)

function. Note tbal Pf ( i ) is continuous and increasing in p, and tbal

givon tbe restrictions on tbe order flow

Iim P r ( y ) - P,*(0)
,.—0

Moreover, H*(X*) > Pr)(O)X* since X* > X,.H,,(B) witb positive prob-
ability. Thus, for a!! 77 thoro exists a p > 0 suoh that R (X ) —
X*Pf (77 + X*) > 0. This implies tbal thoro exists a p > 0 sucb ibat
E(tl(X , p)) > 0. Ibis strategy dominates any trading plan in wbich
X "^ X,,ii,,(B) for all possible roalizations of ("), as tho latlor stratogy
generates zero profits. This implies that tbere exists al least one mixed
strategy suoh that manipulation occurs in oquilibrium. Q.E.D.

A SIMULATION ANALYSIS OF
COMPARATIVE STATICS

Tbo comparativo statics ot tbo mixed stratogy manipulation modol aro
of considerable importance, because tbey identify tbo factors whiob
dotermine a contracts susooptibiiity to corners. Untortunate!y, because
of tbe comp!oxity of tbe prob!om, it is intractable to determine tbese
rosults in closed form. Ilowever, givon somo simplifying assumptions,
a simttlation analysis ot tbo soquential choice modoi sbows how the
profitability and frequonoy of manipulation dopond upon underlying
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structural parameters. These include the variance of the net order flow
and the elasticities of supply and demand at the delivery point.

For simplicity it is assumed in this simulation that there is no
uncertainty at I; all traders know 0 at that time. Moreover, the marginal
cost ot delivery and demand functions aro assumed linear. Formally,

MCiQ) = e + 8Q

and

Givon ihoso functions, tho optimal competitive quantity in the delivery
market equates the marginal cost of delivery to tho marginal value of
the commodity. Thus. £//j solves

This implies:

The marginal cost and demand parameters also dotermine the
potential manipulator's optimal strategy at time T. Assumo tbat this
trador has amassed X long futures contracts. Applying (1) at T he choosos
Q to maximize

[0 - 8Q][X - Q] + Q[a - /3Q]

Solving the relevant first order conditions implies:

= 8^ ^ '^ - (^
2(^ + 8)

For manipulation to be profitable, it must be tbe case tbat Q ^ q^.
If the largo trader accepts fewer than qi) deliveries, be cannot elevate
tbe price above tho competitive level Poiqo)- Sinoe (7) implies that Q
is increasing in X, profitable manipulation at T tborefore requires

8X + g - <9 ^ a - e
2(/3 + 5) ~ /3 + S *^'

The smallest X ibat satisfies this condition is X^in. Solving (8) implies
tbat
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Tbus, X'niin inoroases relative to q^ it demand at tho delivery point
heoomes less elastic (i.e., as ^ increases), or if the marginal cost of de-
livery hooomos more olastic (i.e., as 8 docreasos). In the simulations,
thoso parametors aro varied to detormino bow tbo protitabilily and fro-
quoncy of manipulation depend upon tbe supply and demand conditions
in lbe delivery market.

It is assumed tbat tbo net noise trador order flow is normal, Tbe
standard deviation of the distribtUion equals IT. Ibis parameter is varied
in lbe simulations lo determine bow tbe profitability and frequency of
manipulation depends upon tho variability of tbo ordor flow\

Tbe most important simplifying assumption in the simulation analy-
sis is tbat al ( tbe manipulator can trado n differont quantitios of
contracts X;, where n is finite. That is, in contrast to tho theorotical
analysis of ihe preceding sections, vvbore tbe manipulator has an infinite
number of possible oboicos at t, in tbis soction it is assumed tbat tbo
number of possible Irados is finilo. Tbis assumption is nocessary to make
simulation feasible. Simulations are e.xecuted for values of n ranging
bolwcen 6 and 20; tbo upper bound is dictated by computational oosts.
The oomparalive statics results reported bero are robust to cbangos
in n.

Formally, at t trador ! obooses {pJJ.-^" lo maximize bis expected
profit, wbore p, is lbo probability tbat bo trades Xj contracts at (,
and vvbero X"^ i p; ^ 1 • Tho X, are both positive and negative, and aro
distributed at oqual intorvals along a line sogmont [M, /]. I be parameters
i( and / aro dotorminod by oxporimontation so ibat tbe sitiiulated
profit maximizing strategy puts zoro weight on tboso extreme points
for all values ot a used. This is intended to ensure that tho range ot
foasib!o oboicos a\ailab!o to tho sitnulatod manipu!ation is not artifi-
cially bounded.

Given lbe cboioos ot u,l, tr, a,/3, 0, 8, and lbo X ,̂ tbo non-linoar
programming sottwaro MINOS 5.0 and a SUN v\orkstation aro used lo
solve for tbe {pi}I=" tbat maximizes

_ ,[R(X,) - E^Pp(X, + 77)] (9)

vvboro

" .MC(X,)pj0(Xi + 77 - X,)
PfiXi + T?) " 2 - " i -i- 77 — Xj) + y .pk<i>iX; + 7} -

(10)
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and lbe expectation in (10) is taken over tbe normal donsity 0(7/),
where 77 is ot mean zero and variance a~. Fifteen point Gauss-Logondre
quadrature is used to calculalo tbo oxpoolation integral.

Given a FORTRAN program lo estimate £ ( 0 ) and its gradients, and
initial values for tbe probabilities, MINOS uses quasi-Newlon, reduced-
gradient, and projected Lagrangian motbods to dotormino tho solution
to constrained non-linear optimization probletns. To ensure that the
program is locating global optima, rather tban local ones, tbe simulations
are started from a variety of initial values of {piYiZ" for oacb set of
parameters. In each case, tbe optimal solution provided by MINOS is
tbo same regardless of tbese starling probability values. Tbus, it appears
tbat the reported solutions are globally optimal.

Tbo basolino caso in tbo simulation analysis is a == 20, /3 ^ S,
0 = 10, (T = \. In this case, tjo "̂  0.667, Poiqf)) "^ 16.667, and
Xmin "̂  1 00. Tbo offoots of obangos in 8, f3, and a are simulated. Wben
varying tbe slopes ot tbo supply and demand curvos, tbo intorcopts are
varied as well to keep tbe competitive prico and fyjj unobanged. This
is nooossary to avoid oonftising tho offeots of ohanging slopos upoti tho
profitability of manipulation per se, with iheir effect on the value of long
positions under competitive conditions. Formally, when 8 is changed, S
is also changed according to the following formula:

0 - Piiiqn) ~ ^^D ^ lf'-<''7 - 0.6675

The supply curve intercept therotoro falls as ils slope increases. Simi-
larly, whon 13 is changed, a is determined as tt)ll(>ws:

(^ = Poiq*)) + /3ql = 16.67 + 0.667^

Given these adjustments, iho simulations estimate the effects of rotating
the supply and demand curves around tbe original equilibrium point,
fhis is oquivalont to cbanging tbo olasticitios of tboso curvos witbout
cbanging tbe compolitive equilibrium price or quantity.

Table I presents tbo simulated values of £(11) for a varioty of
oboioes oi c and 8, and for n = 20. Reading across any row of tbo
table sbows bow oxpoctod manipulativo profit increases as 8 increases,
i.e., as tbe delivery markot supply curve bocomos loss olastic. Tbese
rosults show tbal reducing supply elasticity increases manipulative profit,
Reading down any column ot tho table sbows how manipulativo profit
increases as (r increases, i.e., as tbo nel order flow becomes more
variable. The results demonstrate oloarly tbat the manipulator's expected
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TABLE I

Mani|)ulator's Profits

10 12 14 16 IH

1,0
1,5
2,0
2,5
3,0

0,0148
00722
0,2084
0,4500
0,8192

0,0202
0,1014
0,3030
0,6112
1 0992

0,0267
0,1334
0,3881
0,7812
1 3909

0,0333
0 1664
04797
0,9867
1.6917

0,0406
0,2010
0,5747
1,1727
1,9991

proiit increases as tbe nol order tlovv booomos more volatilo. Part of these
profits is attributable to short selling. In tbo simulations, the manipulator
sbort sells froquenlly (S0% of lbo time or bottor) al a price tbat exoeeds
tbo compotitive prioo.

labio II illustrates how tho frequonoy and sovority of manipulation
cbangos witb 8 and a. Tbis lablo reporLs tbo average prico at T as a
lunctiftn of tbese parametors. Tbis avorage equals X,"-I PiMCiXj). Tbe
average prioe at 7' increases as tbe manipulator cbooses large, positive
\ , witb greater frequency. Tbus, this num!>er measures lbo average
price distortion attributab!e to manipu!ati<>n. Ibe tab!o sbows tbat tbo
oxpoctod price at T is increasing in both a and 8. The sovority and
Iroquency of maniptilation ihorofore increase as tho ordor flow beoomes
more volatilo, and as tbe elasticity of supply to tho delivery market
doolines.

lablos III and IV depict tho off'cct of changes in /3 on £(17) and
iho oxpectod price at T. Tbe simulations show thai given tho levels of a
and 8, manipulation becomes moro profitable, tiiore tVequonl, and more
sovore, as ^ declines. Tbal is, lbo manipulator benefits from an increase
in tbo elasticity of demand at iho dolivory point.

TABLE II

Average Price at 7 (C'ompetitive Price -̂  16,67)

( / •

1,0
1,5
2.0
2,5
3,0

10

16,70
1683
16.99
17,26
17,31

12

16,73
16,90
17.14
17 38
1778

6
14

16,75
19,97
17.28
17,69
18,07

16

16,77
17.05
17.42
17,83
18,37

iH

16,79
17.13
17,57
18,05
18,66
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TABLE iii
Manipulator's Profits

1,0
1,5
2,0
2.5
3.0

0,0401
0,1607
0,4456
0.8795
1,4480

2

0,0311
0.1330
0,3682
0,7432
1,2439

' .,

0,0239
0,1081
0,3076
0.6336
1.0769

4

0.0187
0,08856
0,2584
0,5407
0,9377

5

0,0148
0.0722
0,2084
0,4500
0,8192

Tbose various rosults are intuitive, and related. First consider tbe
offoct of an increase in cr. Wbon tbe varianco of tbe ordor flow increases,
market makers havo less ro!iab!e information about tbo activities of the
wou!d-be manipulator. As a rosult of this reduced precision, they are less
likely lo attribute a largo, positive order flow to an attempt by trader 1
to acoumu!ate a position !arger than Xmin- Tberefore, be can buy !arge
numbers of contracts at a lower average price wben tbe variability of the
order flow is largo tban wbon it is small. Tbis increases bis profit, and
induces him to trade more aggressively.

Next consider tbo effect of an increase in 8. Cetoris paribus, for
any givon X;, as 8 rises, botb tbo revenues at T and the price paid al (
increase; tboso effects have opposing effects on E(ll). Wbal is decisive,
howover, is that the increase in 8 causes Xmm to decline. This creates
now manipulative opportunities for tho large trador. Thus, for any given
ir, market makors cannot roliahly detect levels of trading that would not
allow irader I to manipulate prior to the cbange in supply elasticity, but
wbich are now profitable givon the decline in 8.

Put another way, whon supply to tho delivery market is very elastic,
trader I musl buy a buge quantity of contracts to manipulate tbe market.
Market makors are almost certain to detect sucb large purcbasos and

TABLE IV
Average Price at T

(T

1,0
1,5
2,0
2.5
3,0

16,78
17,04
17 35
17,69
18,11

2

16.76
16,97
17,24
17.54
17,91

16.73
16.90
17,14
17,41
17,75

4

16.71
16,86
17,07
17,31
17,62

5

16,70
16,83
16,99
17,26
17.31
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cbarge tbo would-be manipulator a price tbat is quite ctoso to tbo
realized marginal oust of dolivorv at T. Ibis induces trader 1 to buy
and sell cautiously, and manipulate only infroquontly. Wbon supply is
inelastic, bowcvor, trador I can manipulato oven if bo accumulates a
rolalively small number of contracts. Sucb relatively small purcbasos aro
more readily camouflaged in tbo normal variations of the nol order tlow.
rbis allows tbo trador to cscapo undctcclod vvilb greater froquency. As
a rosult, bo trades more aggrossivoly. and manipulates moro froquontly
givon tbose circumstances.

The intuition bobind tbo relation between p and lbe profitability
and intensity of manipulation is similar. As dotiiand in tbo deliver)
market becomes moro olastic, Xn,i,, dociinos. This allows trador ! to
manipulato vvilb a smallor position. Sinco stnallor trados are moro
difficult lo detoot, trador I can increase tho frequency and intensity
of bis manipulations without greatly increasing tbo cost of acquiring
positions. Tbis makos manipulation more atttaotive and, ibereforo, be
does so moro frequently and more intonsivoly.

rbis simulation analysis implios tbat catogorioai statements to
lbe otfoot ibal fuluros markots "aro suscepliblo to manipulation and
control" are inappropriato. Tbe dogree of vulnerability of a markot to
manipulation is contingent upon tbo obaractoristios of order flow and
doliverv markel supply and demand elasticities. A fulures contrad witb
vorv stablo net ordor flow and vcrv olastic doliverv markot supply can
bo maniptilalod only very inlrequontiy. In contrast, a contract witb
cxlromoly volati!e ordor flow and vor\ ino!aslic supp!y may be very
vLilnorable to oorncrs.

Tbo analysis also implies that tho susceptibility of a contract to
manipulation can vary ovor timo as ordor How variability changos, or
as do!ivery market supp!y and domand conditions change. In ibis voin,
ono potentially important conolusion is ihat improvod transportalion
etticionoy (o.g., the dorogulation of rail transport or tbo oroatinn of unit
trains) should reduce tho froquonoy and intensity of manipulation. Tbus,
ootoris paribus, al present manipulation sbould be a loss sorious conoern
iban was lbo caso in oras past (e.g., lbo 1880s in tho grain markot) wbon
transportation systems woro far loss officionl than is currontly the case.

Givon this result, tho prototypical example of a manipulablo oon-
tract may be lbo New York C'otlon t:,,\changf contract in tbo lato-19th
and oarly-20tb conturios. Sooular changes in consumption patlorns
oausod tho stock of cotton bold at tho oontrad s dolivory point (\ow
York) to fall from ovor 9.9'f of U.S. production in !87O-I88O lo
under !.3^f of U.S. production in !9O()-I9O7 |U.S. Commissioner of
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Corporations (1908), pt. 2 p. 50|. This decline in stocks in New York
reflected a change in cotton shipping patterns away from Northern
ports and towards Southern ones. The models of Pirrong (1993 and
1994) imply that such a change in shipping patterns would have made
cotton supply in New York less elastic because it made it necessar\- to
reverse the natural direction of commodity Hows to attract additional
supplies to New York. At the same time, improvements in telegraphic
communication and a growth in the world wide trade of cotton led
to substantial growth in bedging and speculative trading activity. This
plausibly increased the variahility of order flow. The model predicts that
these developments should have led to an increase in the frequency
and intensity of manipulation, and tbe historical record suggests that
this was indeed the case. [See Houilly ( 1975) for a detailed account of
cotton manipulations in this period.]

These conditions are by no means the rule in futures markets, how-
ever. Thus, althougb the formal model implies that absent regulation,
corners sbould occur witb positive probability in all futures markets,
it does not imply that manipulation should be a ehronic problem in
all markets. Instead, the vulnerability of a contract to manipulation
is highly dependent upon the market environment. This conclusion
is strengthened when one examines some practical considerations not
explicitly incorporated into the formal model. The next section discusses
these considerations.

OTHER FACTORS THAT INFLUENCE THE
iVlANIPULABILITV OF A FUTURES CONTRACT

1 he foregoing has presented a simple theoretical model of manipulation
in delivery settled futures markets. The model's results are potentially
important, inasmuch as they reveal (a) that randomized manipulative
trading is profitable when anonymity provides some camouflage to
traders that desire to create large positions, and (b) the susceptibility
of a market to manipulation depends upon the variability ot order flow
and supply and demand elasticities. In the interest of enhancing the
practical contribution of this article, however, it is worthwhile to discuss
other features of futures markets which may affect their susceptibility
to tbe type of trading modeled here.

First, it is necessary to note that since a lack of information by
market makers is the source of manipulative profit in this model, any
information (in addition to that embodied in the net order flow) that
allows market makers and other market participants to better detect
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impending manipulations will reduce the profitability and frequency of
corners and squeezes.

In general, although a manipulator may attempt to conceal his ac-
tivity by using many brokers (or other means), experienced local traders
may be able to identify and detect trading patterns that distinguish the
manipulator's buy and sell orders from those entered by noise traders.
Locals may not he able to identify eacb of the manipulator's orders with
certainty. However, to the extent that market makers have sufficient
information so that their priors concerning the source of any order are
not dilluse, they can raise the manipulator's costs by trading at a high
(low) price when their information leads them to believe the manipulator
is buying (selling). This increase in tbe manipulator's costs reduces
tbe Irequency and intensity of manipulation. Ihus, experienced and
observant locals can deter manipulation to some degree. It is important
to note, however, that tbe model implies that they cannot eliminate it
altogether unless they can identify a manipulative order with certainty.

Information can be valuable even if it is obtained after a would-be
manipulator has acquired a large, long futures position, (iiven suffieient
warning of an impending manipulation, commercial firms can make
arrangements to ship additional supplies to the deliver)' market. Since
supply curves are more elastic in the long run, the more warning
time commercials ha\e to make such shipments, the more elastic the
delivery market supply curve becomes. Recall tbat the profitability and
intensity of manipulation var\ inversely with supply elasticity. Thus,
if commercials learn through their myriad sources of an impending
manipulation well before the deliverv period, the would-be manipulator
may face a very elastic supply curve at deliver). I bis makes cornering
far less profitable than would be the case if commercials were ignorant
of his activities.

Commercial traders in grains, metals, petroleum produets, and
otber goods potentially vulnerable to manipulation bave very well devel-
oped commercial intelligence systems. Ihus, even tbougb tbey may not
be able to detect a would-be manipulator's trading when it occurs, they
may learn ol it in time to make arrangements that increase delivery mar-
ket supply elasticity. This reduces the profitability of mixed manipulative
strategies, and therefore deters manipulation to some degree.

Second, tbe formal model assumes tbat shorts are atomistic. In
reality, some shorts may be large traders who may be able to exert market
power themselves. In this case, the large long faces a classical bargaining
problem. His profits in this situation are smaller tban when all shorts
are atomistic. Indeed, if there is a single sbort pitted against the single
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long, it is possible that tbe large long trader could lose money. This
reduction in the profitability of manipuiation attributable to tbe bilateral
bargaining problem tends to deter manipulation.

Tbis possibility is especially important if large shorts plan to parti-
cipate in tbe futures market for a considerable time to come, and thus
have a vested interest in deterring future manipulations. This plausibly
characterizes large commercial hedgers. In this case, a large short may
be willing to incur a loss today to undermine a manipulation attempt
in the ex])eetation that this action will serve to reduce the frequency of
manipulation in the future. That is. a large short may be willing to incur
costs in the short term to gain a reputation for crushing manipulators,
in the expectation that this will deter would-be cornerers.

Tbe heroic actions of P. D. Armour in getting wheat to market
in 1897 to ruin Alfred Leiter during the latter's attempt to corner
the CBT' wheat contract may represent an example of such reputation
building. Armour used specially converted ships to transport wheat from
Dulutb to Chicago through the ice of the frozen Great Lakes. It is
quite possible that Armour could have settled with Leiter at a lower cost
than he incurred t() complete this mammoth undertaking. Nonetheless,
the salutar) effect of his actions on the calculations of other potential
manipulators may have justified this additional cost.

It should be noted that the various considerations just discussed
serve to reduce the frequency and intensity of manipulation. They do
not necessarily eliminate it altogether. I hus. as long as market makers
cannot always identify manipulative trades, or commercial traders cannot
always make delivery market supply infinitely elastic, or the short side of
the market is not always concentrated, mixed manipulation strategies will
still be profitable. To the extent that hetter information and short side
concentration serve to reduce the profitability of manipulation, however,
it will be a less severe problem than the formal mode! suggests.

It also deserved mention, however, that efforts to collect infor-
mation and create re|)utations are costly. These expenditures must be
included in any evaluation of the costs of manipulation, They must also
be included in the calculation of tbe benefits of alternative forms of
manipulation deterrence, including self-policing measures by exchanges,
and market oversight by government agencies.

SUMMARY AND CONCLUSIONS

Ibis article constructs a model that explains two stylized facts about
corners and squeezes in unregulated futures markets. 1 irst. corners
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sometimes occur in futures markets. Second, not all markets are eor-
nered all the time. The models presented in this article show that corners
and squeezes may occur with a probability strictly between 0 and I in
markets where (a) noise traders cause unpredictable variations in order
flow, and (b) the supply curve in the deliver)' market is less than perfectly
elastic. Since these are quite plausible conditions in physical commodity
futures markets settled by delivery (e.g., grains and industrial metals),
the model suggests that absent exchange or government intervention,
some manipulation will occur in delivery settled futures markets. (This
statement should not be taken to imply that regulation necessarily
eliminates corners, or that tbe benefits of anti-manipulation regulations
exceed tbeir costs.)

The article also shows that the frequency and severity of corners
that occur in a particular market depend upon the magnitude of order
flow variability, and the elasticities of supply and demand in the deliver)'
market. Markets with very volatile order flows, ver)' inelastic delivery
market supply curves, and/or elastic deliver) market demand curves may
be acutely vulnerable to corners; wbereas, other markets with stable
order flows, elastic supplies, and inelastic demands should experience
ver) little manipuiation.

Existing models of market manipulation cannot credibly explain
each ol the two stylized facts concerning manipulation. Moreover, they
do not specify the factors that determine a market's vulnerability to
manipulations. Thus, this article sheds some new light on a subject
that has vexed market participants and policy makers since the birth of
futures trading in tbe United States.
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