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I Introduction

The classical academic view, based on the assumption that all agents behave compet-
itively, is that stable prices are socially beneficial and profitable speculation involves
buying low and selling high. Buying when the price is low would lift the price up and
selling when price is high would push the price down, resulting in a stabilizing effect. A
speculator who buys and sells without regard to the price will introduce volatility due
to the price impact of trades thereby destabilizing prices, but such noise trading will
result in losses. This classical view is summarized by the following quote from [Fried-
man| (1953): “People who argue that speculation is generally destabilizing seldom realize
that this is largely equivalent to saying that speculators lose money since speculation can
be destabilizing in general only if speculators on the average sell when the currency is
low in price and buy when it is high.” There are a number of examples of destabilizing
speculation in the literature, clarifying the limitations of this classical Viewﬂ Notable
among them is Hart and Kreps (1986)), who provide an example where speculation is
destabilizing but profitable on average even though all agents have the same priors and
access to information and behave competitively.

However, the market for many of the commodities have a few dominant producers,
with behavior closer to an oligopoly than perfect competition. The market for crude
oil, coffee, and rare earths would be examples. In such markets, as Newbery| (1984)
argues, dominant producers will have an incentive for stable prices, which is consistent
with producers often blaming speculators as the reason for high and volatile commodity
pricesﬂ A natural question is whether profitable speculation can destabilize prices in

oligopolistic markets when all agents are rational and have access to the same infor-

1See Newbery! (1987) for a discussion of when futures markets destabilize spot prices.
2CNN Monday, 7 Dec 2011, reported OPEC Secretary-General Abdulla Salem El Badri saying
“speculators are at least partly to blame for high oil prices — not any lack of supply on world markets.”



mation, a question that continues to be of interest to policy makersﬁ We address this
question in this paper.

We model a two period commodities market with two strategic sellers, price taking
atomistic consumers, symmetric information, no uncertainties, and where all agents act
rationally. The commodity can be stored but consumers are atomistic with little storage
capacity. In the benchmark case without any speculators, prices are the same across
periods. We show that when a large speculator with access to storage enters the market,
prices becomes volatile. The speculator has no use-value for the commodity and buys
the commodity in period 1 to build up his inventory which he sells in period 2. Each
agent knows how other agents will behave. For example, each strategic seller knows
that the speculator is buying in period 1 to sell the commodity in period 2 and both
the strategic sellers are fully aware of the objective function and strategy set of the
speculator. Hence, the strategic sellers can figure out in advance the consequences of
speculator’s participation on their profits.

We show that the speculator is able to lower the market-clearing price when buying
to build an inventory in period 1, and able to raise the market-clearing price when selling
the acquired inventory in period 2. The speculator does this by changing the aggregate
demand curve that the two strategic sellers take as given through clever use of market,
limit, and stop-loss orders. This generates price volatility that the speculator profits
from it. The way the speculator chooses the limit buy price and quantity ensures that if
one strategic seller participates then the participating strategic seller is better off. But
if both strategic sellers participate, both are worse off in terms of aggregate profits that

they earn, but still they both choose to participate. Strategic sellers voluntarily supply

3The Staff Report of the United States Senate, [Senate| (2014)), mentions “Past investigations have
presented case studies on pricing gasoline; exposing a $6 billion manipulation of natural gas prices by
a hedge fund called Amaranth; closing the Enron loophole impeding energy market oversight; tracing
excessive speculation in the crude oil and wheat markets; exposing the increased role of mutual funds,
exchange-traded funds, and other financial firms in commodity speculation; and revitalizing position
limits as tools to combat market manipulation and excessive speculation.”



the inventory to the speculator in period 1, compete with the speculator in period 2, and
as a result, earn lower profits, even though they know the speculator’s strategy. Both
sellers will complain about the adverse impact on prices due to speculation.

When the speculator has the ability, in period 2, to freely dispose of parts of the
inventory that he acquired in period 1, the speculator trades using a combination of
market and stop-loss orders. The resulting market prices are more volatile. The specu-
lator earns a higher profit. Overall, consumers are better off when the two periods are
taken together but they will naturally complain about high prices due to speculation in
period 2. The speculator’s profit is lower than the combined loss of the two strategic
sellers, which would inhibit the desire of strategic sellers to engage in Speculationﬁ

Our main results remain unchanged when there are more than two strategic sellers.
However, as the number of strategic sellers become large but not too large, consumers
can also be worse offﬁ This is due to the speculator’s inventory at the beginning of
period 2 being large relative to each strategic seller’s supply, which gives the speculator
a greater implicit “bargaining” power in period 2. The resulting period 2 market-clearing
price is higher relative to the two strategic seller case. With many strategic sellers, the
benchmark market-clearing price without the speculator is already low. That limits
the speculator’s ability to lower the market-clearing price in period 1 while buying.
Therefore, when there are many strategic sellers, the decline in consumers’ welfare due
to the high period 2 market-clearing price outweighs the benefit to consumers’ welfare
due to the drop in period 1 market-clearing price.

Our results continue to hold when we allow for two speculators who compete with
each other provided the aggregate storage capacity available to the two speculators taken

together is limited. High storage costs will deter destabilizing speculation by eroding

4The speculator’s behavior, though anticompetitive, would not be considered as being manipulative
according to the definition of manipulation in |Kyle and Viswanathan| (2008a))

5As the number of strategic sellers becomes very large, profitable speculation is not feasible in our
model economy, and consumes will be better off relative to the case with two strategic sellers.



profits. An implication is that destabilizing speculation in the commodity market is more
likely when costs of borrowing are low and storage facilities are easily available. Unlike
high storage costs which deters speculation, uncertainty about consumers’ demand in pe-

riod 2 does not alter our conclusions when producers and the speculator are risk-neutral.

Related literature

Our papers makes a contribution to the literature that examines whether speculation
stabilizes or destabilizes prices.In his seminal work, Muth (1961 argues the case for
rational expectation with an illustrative example which considers the economic effects of
commodity speculation when there is storage. Newbery| (1984) explores the implications
of market power on speculative storage and its impact on price stability. He shows that
when there is production uncertainty and the demand is a linear function of price, large
strategic suppliers will prefer more stable prices and price stability increases.ﬂ We show
that the presence of a large speculator in such markets can destabilize prices.

The literature on speculation that emphasizes the role of expectations has a long
history dating back to |Smith (1776).|Z| According to him, “the operations of the specula-
tive merchant are principally employed about such commodities. He endeavours to buy
them up when he foresees that their price is likely to rise, and to sell them when it is
likely to fall.” |[Hart and Kreps (1986)) show that speculation can be profitable and at the
same time destabilizing when the speculator has access to storage and trades based on
noisy information about future demand. In their model, the speculator links prices at

two different points in time through storage. This increases current price volatility but

9Kawail (1983) using a mean-variance rational expectations framework shows that participation by
speculators can make futures prices more volatile in the presence of production and storage uncertainties.
In Kawai’s paper, when there are no supply shocks or storage, futures trading will stabilize prices, as in
Turnovsky| (1983). [Chari, Jagannathan and Jones| (1990) show that even when there are no production
uncertainties and storage, futures markets where speculators participate can increase the variance of
spot prices.

"See (Cowing| (1965) for a history of commodity speculation.



has no effect on future price volatility due to a shock that makes future demand inelas-
ticﬂ In our model, we do not have demand and supply shocks and speculation creates
endogenous price volatility. However, the speculator’s behavior in our model does not
satisfy the definition of price manipulation as in Kyle and Viswanathan (2008b), just as
Abreu and Brunnermeier| (2003)) also does not.

We also make a contribution to the literature on profitable price manipulation. [Hart
(1977) considers the case where some market participants are sophisticated while oth-
ers are not. [Chatterjea and Jarrow| (1998) show that price manipulation can occur in
the Treasury auction market if “when-issued” market dealers are able to use their in-
formation about the net order flow in market order to corner the auction and squeeze
the shorts. |Cooper and Donaldson (1998)) and Attari, Banerjee and Noe| (2006) discuss
commodity price manipulation through the use of similar corner-and-squeeze strategy.
In our framework, the ability to trade using limit and stop-loss orders helps profitable
speculation. Stop-loss orders has a destabilizing effect since they increase supply at
lower prices.

Our paper is also related to the strategic storage literature which followed Deaton
and Laroque (1996)), who empirically investigate the impact of competitive storage on
price dynamics. Basak and Pavloval (2016) show that financialization of commodities
can contribute to volatile prices| Financialization can facilitate both risk sharing and
information discovery by bringing speculators to the commodity market. However, as
Cheng and Xiong (2014)) point out, if the speculators have to unwind their long commod-
ity positions due to sudden price drops in other markets their participation will transmit
outside unrelated shocks to a commodity market increasing price volatility and having

a destabilizing effect. Our paper shows that the entry of a large speculator creates price

8Stein| (1987) show that when market participants learn from prices, entry of speculators can make
learning difficult and can destabilize prices.
9See (Cheng and Xiong| (2014) for a survey of the literature.



volatility endogenously.

In what follows, we describe the benchmark model economy with duopolistic strategic
sellers in section [[I.A] and examine the destabilizing effect of a large speculator in section
[I.B] We extend the model by allowing many strategic sellers in section [[II.A] demand
uncertainty in section [[I[. B} and more than one speculator in section [[TL.C] We conclude

in section [[V1

II The Model Economy

The economy consists of two periods. There are two dates within each period, beginning
and end. There is a single good in the economy, which we call “widgets” for convenience.
There is a market for widgets in each period. Agreement to buy and sell widgets are
entered into at the beginning of each period for delivery and settlement at the end of the
period, when consumption takes place. We assume that commodity prices are denoted
in hypothetical unit of accounts called “dollars”, and the interest rate is zero. At the
beginning of each period ¢, ¢ = 1, 2, buyers and sellers enter into forward contracts in the
market, for delivery at the end of the same period, ¢t. Consumption takes place at the
end of each period ¢, t = 1,2. A buyer of a widget enters into a forward contract at the
beginning of period ¢, t = 1, 2, to pay p; dollars to the seller upon delivery of the widget

at end of period t.There are three types of participants in the commodity market:

(a) A large number of infinitely small consumers distributed on the unity of interval,
each with a different reservation price for widgets. A given consumer will buy one
unit of the widget if the price is equal to or below her reservation price. This gives

rise to the consumers’ aggregate demand curve, which we assume is linear, as given



Period 1 Period 2 =

1B 1E 2B
1. Forward contracts for 1. Forward contracts 1. Forward contracts for 1. Forward contracts
delivery at date 1E entered at date 1B delivery at date 2E entered at date 2B
are traded for delivery at 1E are traded for delivery in 2E
2. Market clearing price are settled 2. Market clearing price are settled
is p1 2. Consumption takes is p2 2. Consumption takes
place place

Figure 1 Timeline of The Two-period Commodity Market Model

below,

(IL.1) pi(Q) =a—bQ, t={1,2},

where @); is the aggregate demand from the price-taking consumers.

(b) Two identical strategic sellers who participate in the market for widgets in period
1 and period 2. Each seller decides how much to buy in each of the two periods,
taking the aggregate demand schedule and the supply of the other strategic seller’s
supply as given, so as to maximize her aggregate profits over the two periods.

(c) A large speculator with access to storage. The speculator lacks the ability to
produce widgets. He buys widgets in the market in period 1, stores and sells it in

the market in period 2.

We assume that the demand and supply curves for the widgets are known, and there
are no uncertainties. The speculator’s buy-sell decisions are common knowledge, and
agreements to buy and sell are fulfilled with no defaults. In this environment, if a spot
market is introduced at the end of a period, the spot price would be the same as the
forward price that prevailed at the beginning of the period. The temporal evolution of
events is depicted in Figure

In what follows we first characterize the equilibirum without the speculator which

we use as the benchmark.



II.A  Duopoly Equilibrium with no Speculators

We denote the two strategic sellers as A and B. In each period ¢, t = 1, 2, each strategic
seller decides how much to produce and sell in the market. We denote the amount sold
by the two strategic sellers, A and B, in period 1 as qa1, g1 respectively. Similarly,
we denote the amount sold in period 2 as qa2, ¢g2. In each period t, t = 1,2, strategic
seller A chooses the supply ga; so as to maximize the profit in period ¢, taking ¢p,
and the demand schedule as given. Similarly, strategic seller B optimally chooses the
quantity qp;, t, t = 1,2. In equilibrium, the aggregate demand will be equal to the
aggregate supply for each period of ¢, t = 1,2. We use boldface letters to denote functions
and normal letters to denote specific values taken by the variables. For expositional
convenience, we assume that the marginal cost of production of all strategic sellers is
Zero.

In equilibrium, prices and quantities are the same in both periods 1 and 2. Further,
the equilibrium is symmetric, and both strategic sellers will supply the same amount of
goods and make the same profit. We can therefore drop the subscript i and t from the
benchmark equilibrium supplies, demands, and prices. Denote the equilibrium supply
of each strategic seller as ¢*, the market-clearing price as p*, and each strategic seller’s

profit 7" where,

a2

5

(112) q* = %7 p* — %7 and 7 =

©

The equilibrium supply is determined by solving the reaction functions of all strategic

sellers simultaneously. The equilibrium prices and supplies are the same in both periods.

Example 1:

Let the intercept, a, and slope, b, of the inverse demand function of the atomistic con-

10



sumers, be 90 and 1 respectively. The two dashed lines in Figure [2| depict the best response

functions of the strategic sellers when there is no speculator. The equilibrium is given by the

point where the two lines intersect. Equation (II.2]) implies that the equilibrium supply is
*

q" = 35 = 30, the equilibrium price is p* = 30, and the equilibrium profit of each strategic

seller is 7* = 900 in each period.

In the next subsection, we introduce the speculator whose objective is to maximize
his profit by buying in period 1 and selling in period 2 taking into account of his storage

costs.

II.B Dwuopoly Equilibrium with a Large Speculator

We now introduce speculator who has access to a storage facility with fixed capacity, gs.
The speculator buys in period 1, and stores it to sell in period 2 for a profit. As we will
show, the speculator’s actions link the prices in the two periods. First, we analyze the
case where the disposal is prohibitively expensive; i.e., the speculator does not have the
option to dispose of any portion of acquired inventory in period 2 when he submits his
supply schedule (henceforth, without disposal case). Second, we consider a case where
everything else is the same but the inventory disposal cost is zero (henceforth, with
disposal case).

In both cases, the speculator chooses the limit buy price, pg, and the limit buy
quantity, ¢s € [0, @s| to acquire inventory in period 1. When it comes to period 2, the
speculator has to sell using a market order in the without disposal case, but can sell
by using a combination of market order and stop-loss order in the with disposal case.
In either case, the speculator takes actions in period 1 knowing its impact on period 2

outcomes.

11



1I.B.1 Dwuopoly Equilibrium with a Large Speculator, without Disposal

The speculator’s buying strategy in period 1 will depend on the price he can get in
period 2. We therefore start by analyzing the equilibrium in period 2 for all possible

inventory levels of the speculator.

Period 2

We assume that the speculator starts period 2 with an inventory of ¢¢ widgets. Since
there is no disposal, he has to sell all the widgets in his inventory in the forward market
at the beginning at the period for delivery at the end of the period. E Without loss
of generality, we assume that the speculator sells using a market order in period QH
Therefore, the market-clearing price in period 2 of the equilibrium without disposal is

given by,

(I1.3) P2(Q2) = a—b(Q2+4s),

where Q2 = qa2 + ¢po is the aggregate supply of the strategic sellers in period 2, ¢g is
the supply of the speculator. Each strategic seller decides how much she should supply,
taking the aggregate demand schedule, the supply of the speculator, and the supply of
the other strategic seller as given. In equilibrium, the aggregate demand of the consumers
is equal to the aggregate supply of the strategic sellers plus the supply of the speculator,
Q2+ gs-

As the speculator’s supply, qg, is fixed, the aggregate demand schedule in period

2 with the speculator equals the aggregate demand schedule in the benchmark case

10 Although we assume zero storage losses, it is straight forward to incorporate such losses.
HT ater, we show that the speculator profit-wise cannot do any better by using limit orders to sell his
inventory in period 2 so long he is forced to liquidate the entire inventory in period 2.

12



reduced by ¢s units. The strategic sellers maximize their period 2 profit as follows:

max p(qa + qB + qs) qa,
(I1.4) o

n;axp(qA + g+ qs) ¢z,
B

where p(qa + g + qs) = a — b(qa + g + qs).The best response functions of strategic
sellers are:

a a
(IL5) dp  4s qa  4s

qA(QB) I————?7 and QB(QA):ﬁ_?_E-

The equilibrium supply of the strategic sellers as a function of the speculator’s supply

qs is given below:

a—bgs . 4qs
=q

(H-G) Q2(QS) = 30 37

where ¢g is the speculator’s supply in period 2. Compared to the benchmark supply,

each strategic seller reduces supply by % units so that reduction of both sellers taken
together, %qs, is less than the supply of the speculator, gs. Therefore, in equilibrium
the aggregate supply is higher than the benchmark supply, ¢*, and the market-clearing

price is lower than the benchmark price, p*.

a—bgs
II. e ‘
( 7) PZ(QS) 3 p 3

To ensure that the price, p2(gs), and strategic sellers’ supplies, g2(gs), are positive,
we need an upper bound of the speculator’s inventory qs < #. This is a practical
condition. This means although the speculator is quite large relatively to individual

consumer, he is still small with respect to the aggregate market size. Then each strategic

13



seller’s profit in equilibrium in period 2 is

a—bgg)?
(IL8) (qs) = % = - %5 (2a — bgs).

Compared to the benchmark equilibrium, each strategic seller supplies less as given in
equation , and the price is strictly lower as shown in equation , and hence
resulting profit of each strategic seller is lower in period 2 as shown in equation (I1.8)).
To see that the speculator cannot make higher profit by selling using a market order
when the disposal is prohibitively costly, we consider the strategy where the speculator
uses a limit order to supply his entire inventory but he chooses a limit price that is €
higher than the equilibrium period 2 price, p*— b%. For such a price to be the equilibrium
price, at least one strategic seller has to be better off by reducing her supply by § units.
This gives the deviating strategic seller a profit equal to (g2 — §)(p2 +¢€) = % (p2 — €2)
which is lower than % p3 which is the profit if she does not reduce her supply. Note
that the speculator has to supply gs units in period 2 so that he will comply with the
market-clearing price in equation ([I.7)). This argument also applies to the case where
the speculator supplies using a combination of market order and limit order since it still
requires at least one strategic seller to reduce supply to achieve the speculator’s limit

price and if she does not have the incentive to reduce supply the equilibrium clearing

price will remain unchanged.

Example 2:

Let the intercept, a, and slope, b, of the inverse demand function of the atomistic consumers,
be the same as in example 1. Suppose that the speculator sells his inventory, gg = 15, using
a market order in period 2. The two solid lines in Figure [2 depict the best response functions
of the strategic sellers in period 2 with the speculator. The equilibrium is given by the point

where the two lines cross. From equation ([I.6[), it follows that the Cournot equilibrium supply

14
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Figure 2 Best Response Functions of the Strategic Sellers in Period 2

The black and gray solid lines are the best response functions of strategic seller A and strategic
seller B respectively when the speculator has no disposal option. Parameter vaues are a = 90,
b =1, and ¢g¢ = 15. The black and gray dashed lines represent the best response functions
of strategic sellers in the benchmark case, and the gray dot (30, 30) denotes the aggregate
equilibrium supply in period 2 (without the speculator). The black dot (25, 25) denotes the
equilibrium supply in period 2 when the speculator cannot dispose of his inventory.

of each strategic seller is given by: ¢* — %S = 30 — % = 25. The equilibrium aggregate
supply, market-clearing price and profit of each strategic seller are 65, 25, and 625 respectively.
Though each strategic seller produces less than the quantity in the benchmark equilibrium,
the aggregate quantity supplied including the speculator’s market order in period 2 (65 units)
is greater than the aggregate benchmark supply (60 units), resulting in a lower price in period
2.

Period 1

In period 1, the speculator uses a limit order to acquire his inventory. Specifically, we

15



assume that the speculator submits the following demand schedule

0 for p1 > ps
(IL.9) as(p1) = 1[0, gs] for py = ps
qs for p1 < ps

where p; is the market-clearing price in period 1, and gg is the quantity that the speculator
buys when the clearing price is below the limit price ps. When the clearing price is equal to
ps, the speculator accepts any partial execution. Each strategic seller maximizes the sum of
her profits in the two periods, taking as given the supply of the other strategic seller, the limit
order of the speculator, and the aggregate demand schedule of the consumers.

The equilibrium market price in period 1 of the equilibrium is a function of the aggregate
supply of both strategic sellers, which in turn depends on the prices and quantities in the

speculator’s limit order, as given below:

a—bQ1 fOTQ1<%

(I1.10) p1(Q1;4s,ps) = | pg for Q € [4P5, 5P 4 gg]

a—b(Q1—qs) for Q> “P< 4 gg.

In equilibrium, the aggregate demand of the consumers in period 1 is equal to the aggregate
supply of the strategic sellers minus the demand of the speculator. Figure [3|depicts the clearing
price in period 1 of the equilibrium. If the strategic sellers find it is optimal to produce enough
to meet the speculator’s demand in full even though, this lowers the price, the speculator’s
limit order will be executed and the equilibrium price will be pg.

The objective function of each strategic seller is to maximize her profit in period 1 while
taking into account the other strategic seller’s supply decision, the speculator’s demand in
period 1, and supply in period 2. The two strategic sellers know that the speculator will have

to dispose of in period 2, his entire inventory acquired in period 1. When this knowledge is

16
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b
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b

+4s

Q4

Figure 3 Aggregate Demand Function and the Speculator’s Limit Order in Period 1

This figure depicts the aggregate demand curve in period 1 when the speculator buys using a
limit order. Parameters a and b are the intercept and the slope of the aggregate consumers’
demand function. pg and gg are the limit buy price and limit buy-quantity in the speculator’s
limit order. The horizontal segment of the demand curve indicates that the speculator accepts
any partial execution of his limit order.

taken into account, the period 1 objective functions of the two strategic sellers become:

max wa1(qa1 + ¢B1;4s, ps) + m2(qs(P1(qa1 + ¢B1; 43, Ps)))

(IL11) 9a1

max wp1(qa1 +qp13 95, Ps) + T2(gs(P1(ga1 + 4p134s:ps))),
where
(1112) ma1(qa1 + gB13qs, ps) = P1(qa1 + 4B1; 4s, Ps) qar,

7B1(qa1 + 4B1;qs, ps) = P1(qa1 + qB1: s, Ps)4B1,

and mo(+) is given by equation . Note that each strategic seller takes as given the demand
schedule of the speculator, gg, as a function of the price, in addition to the quantity supplied
by the other strategic seller while making her optimal supply response.

The objective of the speculator is to maximize his trading profit, i.e., to maximize the

difference between the cost of acquiring the inventory in period 1 and the revenue in period

17



2 net of the storage costs. We need the following two constraints to be satisfied: first, the
participation constraint needs to hold; i.e., the trading profit of the speculator must be positive.
Second, the incentive compatibility constraints of the strategic sellers need to be satisfied, i.e.,
it is in the interest of the strategic sellers to meet the speculator’s demand. However, we do
not have to explicitly impose the speculator’s participation constraint since the speculator can
choose gg = 0 when per unit trading profit is negative. Therefore, the speculator chooses pg
and gg to maximize his profit in subjective to the incentive compatibility constraints of

the two strategic sellers given in (([1.14]).

Formally, the speculator’s objective can be written as follows:

(I1.13) max - gs (p2 (gs(p1(gar + gB134s,ps))) — P1(qa1 + 415 4s, ps) — Cs)

st wai(ga1 + gB1; 45, ps) + waz(as(P1(gar + aB1:gs. ps)))

(I114) > a1 (¢1 + qB15 45, ps) + a2 (as(P1(d4 + gB1; 45, ps)))

7B1(qa1 + ¢B1;qs, Ps) + TFBz(QS(pl(QA1 + gB1; QS;pS)))

> mp1(qa1 + A1 s, ps) + T2(as(p1(gar + ds1; 4s.ps)))-

In equation (3.14) above, the first inequality is the incentive compatibility constraint of strate-
gic seller A, and the second is the incentive compatibility constraint of seller B. The incentive
compatibility constraints restrict the choice of gg and pg in such a way that neither of the
strategic sellers, i, has an incentive to supply ¢/, instead of ¢;1, i = A, BE

To derive the equilibrium we first note that the speculator can choose the limit order price
and quantity in such a way that the incentive compatibility constraints of the strategic sellers
given in hold as equalitiesE We solve the model following the standard technique: we
propose an equilibrium and show that none of the active agents has an unilateral incentive to
deviate from the proposed equilibrium.

Given that the constraints ([1.14]) hold with strict equality and the fact that strategic sellers

120ur formulation of the problem follows the method in Kyle and Wang| (1997).
I3This is equivalent to assuming that strategic sellers will supply enough to meet the speculator’s
demand if deviating and not deviating yield the same profit, and can be relaxed..
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A and B adopt identical strategies on the equilibrium path, the speculator’s choice reduces
to choosing only one of the two choice variables: pg or gg but not both. This is because in
the symmetric equilibrium that we consider, if one sellers’ incentive compatibility constraint
is satisfied, the other seller’s constraint will also be satisfied.

The speculator searches across potential price-quantity combinations corresponding to dif-
ferent limit orders and chooses the one that is the best for him. Without loss of generality,
we use gg as the choice variable of the speculator and let pg be determined by the incentive
compatibility constraints. We denote the optimal pg for a given gg that satisfies the incen-

tive compatibility constraints as a function pg(gs).We then have the following lemma for the

ps(qs)-

Lemma 1. Let p* denote the benchmark equilibrium price as defined in equation (11.2)); gg
denote the limit buy-quantity in the limit order of the speculator; and a and b are the demand

and sensitivity parameters respectively. Then, for any given qg, there exists a limit buy price,

ps given by,

_ b
(IL.15) ps(as) =p" — =/bas (da+13bgs) + —°.

such that pg is also the market-clearing price and the speculator’s demand qs is executed in

full.

Proof: See Appendix [A]

To understand the economic intuition behind equation , first, note that the strategic
sellers’ incentive compatibility constraints have two implications for the speculator’s position:
at least one strategic seller needs the incentive to raise the supply to (“*% 4 ¢s — 3%) amount
when the other strategic seller supplies the benchmark quantity of (5%) units; second, none of
the strategic sellers has the unilateral incentive to deviate — i.e., to reduce or increase supply
when the speculator’s demand is met in full and equally supplied by the two strategic sellers,
i.e., %(% + gs). The first implication leads to equation . The second implication is

that when the speculator chooses any limit quantity gs < § and set the limit buy price equal to
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ps(gs), then the market will be cleared at price pg(gs) in period 1. Note that equation (II.15))
is not the necessary condition for the speculator’s demand to be met in full. If the speculator
sets the limit price lower than equation while the second implication is satisfied, the
speculator’s limit price can still be the clearing price even though it is not unique since the
benchmark price can also be the clearing price.

Although we allow for partial execution of the speculator’s order in the model setup, it
is also important to note that in equilibrium the speculator’s demand ¢g will always be fully
supplied. Given the speculator’s demand is flat, the gain from supplying a greater portion of
the speculator’s demand in period 1 outweighs the corresponding share of the loss caused by
additional supply in period 2 as the loss is equally shared by both strategic sellers and the

speculator.

Ezxample 3:

In this example, we provide the intuition behind Lemmall] Let the values of the parameters,
a and b, be same as in example 2. Suppose that the speculator chooses a limit quantity,
gs = 15, and a limit price, pg = 22.3. Table [1| shows the payoffs of the two strategic sellers
given their supply decisions, “supply more” or supply the “benchmark” quantity. If one of the
strategic sellers supplies 30 units, which is the same as what she supplied in the equilibrium
with no speculator (Benchmark), the other strategic seller is indifferent between supplying 30
units and “supplying more”. Together with the fact that no strategic seller would supply less
when the other strategic seller supplies more than 30 units, both {Supply More, Supply More}
and {Benchmark, Benchmark} are equilibria. However, if the speculator chooses a limit price
ps = 22.3+4 € where € > 0 and a limit quantity g¢ = 15 and one of the strategic sellers supplies
the Benchmark quantity, the other strategic seller will choose to “supply more” as the payoff
goes up. In this case, {Supply More, Supply More} becomes the unique equilibrium which is
depicted in Table [2]

Suppose strategic seller B supplies 30 units and the speculator demands 15 units at a price

of 22.3 per unit in period 1. The solid black line in the left (right) panel in Figure [4| gives the
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TABLE 1

The Strategic Sellers” Supply and Payoff when ¢¢ = 15 and pg = 22.3

Seller B

Benchmark

Supply More

Benchmark | ¢%,(=30),q5,(= 30)

qa1(=30),¢p1(= 52.7)

Seller A

Supply More | ga1(= 52.7), ¢p1(= 30)

*S *S
¢ (= 41.4), ¢V (= 41.9))

Seller B

Benchmark

Supply More

Seller A Benchmark | 7% (= 1800), 75 (= 1800)

ma(= 1294), mp(= 1800)

Supply More | 74(= 1800), 75(= 1294)

5

(= 1547), 7 (= 1547)

NOTE. — These top and bottom tables report the supplies and the payoffs of each strategic
sellers respectively when gg = 15 and pg = 22.3. Each strategic seller has two options:
producing the benchmark quantity (Benchmark) or supplying for the speculator’s limit order
(Supply More). We rule out other options in the proof of Lemma [1| by showing that all other
supply choices are inferior to these two choices. When ¢gg = 15 and pg = 22.3, each strategic
seller would be indifferent from “Benchmark” and “Supply More” when the rival sticks to

“Benchmark” and therefore there will be two equilibria.
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TABLE 2
The Strategic Sellers’ Supply and Payoff when gg = 15 and ps = 22.3 + ¢

Seller B
Benchmark Supply More
Benchmark | ¢%,(=30),q5,(= 30) qa1(= 30), ¢p1(= 52.7)
Seller A 5] 5]
Supply More | gai(=52.7),qp1(=30) | q,y; (= 41.4),q5, (= 41.4))
Seller B
Benchmark Supply More
Seller A Benchmark 7% (= 1800), 7} (= 1800) ma(=1294), (= 1800 + 0)

Supply More | ma(= 1800 + 6), p(= 1294) | x> (= 1547), 7's%) (= 1547)

NOTE. — These top and bottom tables report the supplies and the payoffs of each strategic
sellers respectively when gg = 15 and pg = 22.3 + €. Each strategic seller has two options:
producing the benchmark quantity (Benchmark) or supplying for the speculator’s limit order
(Supply More). We rule out other options in the proof of Lemma [1| by showing that all other
supply choices are inferior to these two choices. When € > 0, and therefore ¢ is greater than 0,
“Supply More” when the other seller is supplying “Benchmark” dominates the “Benchmark”.
There will be only one equilibrium in which both strategic sellers choose to “Supply More”.
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period-2 (period-1) demand curve faced by strategic seller A. The solid gray line in the left
panel is the corresponding marginal revenue curve of strategic seller A when strategic seller B
produces 25 units and the speculator supplies all 15 units of inventory using a market order.
In this case, the best response of strategic seller A is to supply 25 units and the corresponding
price is 25 denoted by the black dot in Figure [d] The dashed black and gray lines correspond
to the hypothetical case where the speculator’s limit order is not filled in period 1 and thus
has nothing to supply in period 2 and strategic seller B supplies 30. Therefore, if the strategic
seller A decides to produce more to meet the speculator’s limit order in period 1, her expected
loss in period 2 relative to supplying the Benchmark quantity is the region of A-B-G-F-D-C-A.

When the speculator’s demand is fullfilled in period 1, the increase in aggregate supply
relative to Benchmark aggregate supply comes from two sources: the speculator’s demand
through the limit order and the increase in consumers’ demand due to the price drop. This is
why the strategic seller A supplies 52.7 units, which is greater than the sum of the Benchmark
supply of 30 units and the speculator’s demand of 15 units. The strategic seller A will supply
52.7 units if she finds the period-1 gain (relative to supplying the Benchmark) of supplying
more (region D-E-H-G-D minus region A-B-C-D-A in the right panel) is greater than the
expected loss (relative to supplying the Benchmark) in period 2. Figure |5 further shows the
sum of the two-period profits of strategic seller A as a function of her first period’s response,
when strategic seller B supplies 30 in period 1, and the Cournot equilibrium we characterized
in Example 2 prevails in period 2.

By considering different values for the strategic seller B’s supply, we plot the best response
function of strategic seller A in the left panel of Figure[6l The vertical axis is the best supply g4
of strategic seller A when the supply of strategic seller B is gp (on the x-axis). For ¢g € [0, 30),
the best response function of strategic seller A is ga(gp) = § — %, with a slope of —%. For
gp € [30,52.7), it is optimal for strategic seller A to supply enough to meet the speculator’s
limit demand, i.e., ga(¢g) = a + gs — ps — qB, with a slope of —1. For gp > 52.7, the best

q

response function of strategic seller A becomes qa(gp) = §+ % — %2, with a slope of —%. The

horizontal axis of the middle panel of Figure [6] gives the best supply gp of strategic seller B
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Figure 4 Best Response of strategic seller A in Periods 1 and 2

This figure depicts the best responses of seller A for a given response of seller B.

Left panel depicts Period 2: The solid black line is the demand curve faced by strategic
seller A when the strategic seller B produces 25 units, and the speculator dumps 15 units.
The solid gray line depicts the marginal revenue (MR) curve of strategic seller A (B). We
assume that the marginal cost (MC) is zero. The black dot gives the equilibrium with
speculator in period 2: A and B will produce 25 units. The dot-dashed black and gray
lines correspond to the case without the speculator. The gray dot gives the equilibrium:
A and B will produce 30 units. The gray color shaded area corresponds to the strategic
sellers’ profit when the speculator’s limit order is fulfilled in period 1, and the area with
tilted dashed lines correspond to their profit in the benchmark case. Each strategic
seller’s payoff drops and the drop is equal to the area of region A-B-G-F-D-C-A.

Right panel depicts Period 1: The solid black line is the demand curve faced by the
strategic seller A when the strategic seller B supplies 30 units the speculator submits a
limit order to buy, 15 units at a price of 22.3 per unit. The black dot gives the equilibrium
with speculator in period 1: A produces 52.7 and B produces 30. The speculator buys 15
units. Although the black dot in the right panel is not a symmetric equilibrium, period
2’s symmetric equilibrium corresponds to the black dot in the left panel where both
supply 25 units and the speculator sells 15 units. The area of D-E-H-G and A-B-C-D
correspond to the extra payoff and payoff drop of strategic seller A in period 1.

The gray dot represents the benchmark equilibrium where MR, = MC = 0 (note that the
gray dot is the equilibrium in period 1 implies that the gray dot has to be the equilibrium
in period 2). When the area of D-E-H-G-D (right panel) is weakly greater than the area
of A-B-C-D-A (right panel) and A-B-G-F-D-C-A (left panel), the strategic seller A earns
a profit weakly greater than the benchmark profit. This payoff structure eliminates the
benchmark equilibrium as a potential equilibrium in the presence of the speculator.
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Figure 5 Strategic Seller A (B)’s Payoffs

The vertical axis is the sum of the two period profits of strategic seller A as a function of
her first period response in the without disposal case, when strategic seller B supplies 30
in period 1. The gray and black dots correspond to the strategic seller A’s supply choice
in the benchmark case and in the without disposal case when the speculator demand 15
widgets using a limit order.
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Figure 6 Equilibrium in Period 1

Left panel: The vertical axis gives the best response g4 of strategic seller A, when the
supply of strategic seller B is gp (on the x-axis), and the symmetric equilibrium with
the speculator supplying his entire inventory of 15 units prevails in period 2. Middle
panel: The horizontal axis gives the best response gg of strategic seller B, when the
supply of strategic seller A is g4 (on the y-axis), and symmetric equilibrium with the
speculator supplying his entire inventory of 15 units prevails in period 2. Right panel:
The two best response curves in the left and middle panel are superimposed to arrive at
the equilibria. The two best response functions overlap on the black interval. The dark
black interval depicts all equilibria, and the black dot (g4 = 41.4, qg = 41.4) depicts the
symmetric equilibrium.
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when the supply of strategic seller A is g4 (on the y-axis). In the right panel, we superimpose
the two best response curves in the left and middle panel. The two best response functions
overlap on the black interval and the black dot (g4 = 41.4,qp = 41.4) is the only symmetric

equilibrium. As it can be seen, there are many asymmetric equilibria.

According to Lemma [1} if the speculator chooses the limit price as pg(qg) for a given gg,
the clearing price in period 1 will be pg(qs), i-e., p1(qa1 + gB1;9s,Ps(gs)) = Ps(gs), and the
speculator’s demand gg will be fully supplied, i.e., gs(p1(qa1 + gB1;9s,Ps(qs))) = qs. Then,
we can substitute out the incentive compatibility constraints of the strategic sellers in the

speculator’s optimization problem in equation ([I.13)) and represent it as follows:

(I1.16) max - gs (p2(gs) — ps(gs) — cs).

We denote the quantity which solves the maximization in ([I.16) as ¢g and summarize the

equilibrium without disposal in Proposition
Proposition 1. When the storage cost is lower than ¢g, where

_5-2V3

39 a=0.04a,

Cs
the speculator submits a limit order in period 1 where the limit price is given in Lemma
and the limit quantity is the minimum between his fized storage capacity, gs and the profit-
maximizing quantity, qg which solves the maximization problem in expression , i.e.,
qs = min{qs,qs}, and sells all of his acquired inventory in period 2 using a market order.
There exists an equilibrium where the period 1 clearing price is equal to the speculator’s limit
buy price and the period 2 clearing price is equal to p* — b% given in equation , and
the speculator makes a positive trading profit. When the storage cost is greater than cg, the

speculator does not enter the markets in any of the two periods.

Proof: See Appendix [A]
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Note that the equilibrium prices in period 1 and period 2 are different when there is a
speculator, i.e., speculation create prices volatility. In the period 2 of the equilibrium with-
out disposal, the speculator is a price-taker so that the clearing price is determined by the
competition of the two strategic sellers. In period 1, the speculator, however, submits a limit
order which gives the two strategic sellers incentive to supply the quantity he demands while
lowering the clearing price to a make a profit. In equilibrium, the period 1 price is lower than
the period 2 price, and as long as the maximum price spread the speculator can generate is
greater than his inventory cost per unit, he is able to make a positive trading profit. Note that
if the unit net price, (p2 — p1 — ¢g) is negative, the speculator will not trade, i.e., gg = 0.

The size of the speculator’s capacity also plays a critical role in price spread and the spec-
ulator’s profit. We solve for the speculator’s limit buy-quantity which maximizes the price

oA A 5v3—6 o
spread and denote it §g: 4g = ( \/3; 5 Je = 23%61)‘1. Then, we solve for the speculator’s limit

9a
(1145v61)b

Therefore, the price spread may be greater than the storage capacity is limited below gg.

9a ~
50.055 < ds-

buy-quantity which maximizes his profit and denote it ¢g: ¢g =

Example 4:

Let the parameters, a and b, be the same as in Example 3. Suppose that the speculator’s
storage cost is cg = 0.5. When cg = 0.5, the optimal inventory acquired by the speculator
in period 1 will be 15 as given in Example 3. The left (right) panel of Figure m plots the
price spread, ps — p1, (speculator’s profit, mg) as a function of the limit buy-quantity of the
speculator. The solid (dashed) line in the right panel in Figure [7|shows the speculator’s profit
when ¢g = 0.5 (¢cg = 2.0). The speculator’s profit is maximized when his limit buy-quantity is
15 (11.1) and the resulting price spread (p2 — p1) is 2.7 (3.2).

The left panel of Figure [7]shows that the price spread reaches maximum when the storage
capacity is gg = 6.1 unitSE Suppose the storage capacity is 6 units. Then it can be shown

that the speculator’s optimal limit buy-quantity will be 6 units, and the limit price will be 24.5

4 Although the price spread is maximized at 6.1 units, we assume the nearest integer value of 6 for
storage capacity for expositional simplicity.
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Figure 7 Price Volatility and the Speculator’s Profit as a Function of Limit
Buy-Quantity

The left panel of the figure depicts the relationship between price spread and the size of
the acquired inventory, qg, in the without disposal case. The right panel of the figure
depicts the relationship between the trading profit, mg, of the speculator and the size
of the acquired inventory with two different per-unit storage costs. We assume the
parameters are a = 90 and b = 1, and the per-unit storage costs are cg = 0.5 (denoted
by the solid line) and cg = 2.0 (denoted by the dashed line). The price spread, ps — py,
reaches its maximum value 3.5 if the speculator chooses s = 6.1, while the speculator
earns the highest profit g = 33.4 (13.5) dollars if he chooses g = 15 (11.1) when the
per-unit storage cost is cg = 0.5 (2.0).

(see equation ([L15)). The speculator will sell all 6 units in period 2 using a market order.
The resulting market-clearing price in period 2 will be 28, i.e., a price spread of po — p; = 3.5
and a volatility of 11.8%.

The following corollary summarizes the impact of the speculator’s storage capacity on the

price volatility and the consumer surplus.

Corollary 1. In the case without disposal, the equilibrium market-clearing prices in period 1
and period 2 are both below the benchmark equilibrium price; thus, the consumers are better off
in both periods. Both the strategic sellers are worse off. The speculator’s trading profit is less
than the aggregate loss of the strategic sellers in periods 1 and 2 taken together, even without
storage cost. The price spread is increasing at first with storage capacity, reaching its maximum
at gs units, and then strictly decreasing thereafter. The speculator’s profit is maximized at qg

which is strictly greater than the price spread mazrimizing capacity.

Proof: See Appendix [A]
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The strategic sellers are always worse off because the speculator sets his limit price in a way
such that the strategic seller who unilaterally deviates to supply more in period 1 earns just
the benchmark profit. This leaves the strategic seller who does not increase supply in period 1
a lower profit as she sticks to the benchmark quantity and the market-clearing price in period
1 is lower than the benchmark price. Together with the fact that the both the strategic sellers
earn equal profit in period 2, the strategic seller who does not to change supply is strictly
worse-off compared to her rival. Moreover, the loss of the strategic seller who does not change
supply is greater than the speculator’s trading gain. However, the lower prices in both periods

make the consumers better off.

II.B.2 Dwuopoly Equilibrium with a Large Speculator, and free Disposal

In this section, we assume that the speculator can dispose of his unsold inventory at the end
of period 2 without incurring any cost. In this case, the speculator will use a combination of
market order and stop-loss order in period 2 to sell some of his inventory of widgets acquired
using a limit order in period 1, and dispose of the rest of the widgets without selling them.
The speculator optimally chooses four values: the limit buy price in period 1, pg1, the limit
quantity in period 1, qg1, the stop-loss price in period 2, pge, and the stop-loss quantity, ggo.
In what follows, we characterize the equilibrium market-clearing prices, profits earned by the

speculator and the strategic sellers, and consumers’ welfare.

Period 2

Suppose the speculator comes into period 2 with an inventory of gg;, which he bought in
period 1, and submits two orders to supply: a market order to supply agsi, o € [0,1], and a
stop-loss order to supply (1 — «) gs1 when the clearing price in period 2 is below pgs and zero
otherwise. We assume that the speculator can dispose of (1 — a)gs1 units of widgets without

incurring any costs when the clearing price is above or equal to pSQE Taking the two orders

I5All the results in the paper will go through when the cost of disposal is relatively small. For
example, the speculator may be able to transport it to another market and sell at a small loss.
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together, we get the following supply schedule of the speculator given below:

aqg1  for po > pgo
(I.17) qs2(p2) =

gs1  for p2 < ps2

where ps is the clearing price in period 2, pgs is the stop-loss price the speculator chooses, and
« is between 0 and 1@ The supply schedule in implies that the speculator is willing
to “sacrifice” a fraction, 1 — «, of his inventory when the clearing price in period 2 is equal to
or above the stop-loss price pgo. If the price is below pgo, the speculator supplies his entire
inventory qg1.

Taking the speculator’s supply schedule into account, the clearing price in the period 2 of

the equilibrium with free disposal is given by:

a—b(Q2+ags1) for Qy < =52 —agg
(I.18) P2(Q2; a, ps2, qs1) =

a—0(Q2+4qs1) for Q2 > 2 — ags

where QQ2 = g4, +qB, is the aggregate supply of the two strategic sellers in period 2. In equilib-
rium, the aggregate quantity supplied depends on the parameters, a and b, of the consumers’
aggregate demand function; the fraction a of the inventory that the speculator acquired in
period 1 which he supplies in period 2 using a market order; and the trigger price pgo of the
stop-loss order that the speculator chooses for selling the remaining 1 — « fraction of his in-
ventory. If the speculator chooses oo = 1, i.e., disposes off his inventory using a market order,
the clearing price in period 2 will be the same as the equilibrium price in the economy without
disposal.

The leftmost panel of Figure [8 depicts the aggregate demand function of atomistic con-
sumers as assumed in the benchmark case. The middle panel of figure 8 depicts the speculator’s

supply schedule based on a combination of stop-loss and market order. The rightmost panel

16We add subscripts 1 and 2 to gg; to differentiate the speculator’s quantity demand in period 1 and
quantity supply in period 2. We also add subscripts 1 and 2 to pg to differentiate the limit prices the
speculator chooses in period 1 and period 2.
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Figure 8 Speculator’s Supply in Period 2 with Free Disposal

The figure depicts the speculator’s period 2 supply function using a combination of
market order and stop-loss order. The speculator supplies a fraction « of his acquired
inventory in period 1, gg1, using a market order. The remaining fraction 1 — « of
his acquired inventory is supplied using a stop-loss function with a trigger price, pgo.
This figure depicts the clearing price in period 2 equilibrium with free disposal where
(22 denotes the total supply of the strategic sellers. When the aggregate supply of
the strategic sellers is greater than =2 — a gs; price drops below pg,. That kicks
an additional supply of (1 — «) g1 from the speculator causing the price to drop even
further.

of Figure [8| can be interpreted as the net demand function that the strategic sellers face while
taking their individual supply decision. We obtain the net demand function by subtracting the
speculator’s strategic supply schedule from the aggregate demand schedule of the consumers.

The strategic sellers maximize their profits in period 2 by taking into account the specu-
lator’s market and stop-loss orders, the supply of the other strategic seller, and the demand

curve, i.e.,

max qa2p2(qa, + 4B, @, D52, qs1),
(11.19) a2

max qB2P2(qa, + qBy; @, DS2,451),

The speculator’s objective is to maximize his revenue in period 2 when the incentive compati-
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bility constraints of the strategic sellers are satisfied, i.e.,

max  gs2(qs1)P2(qa, + 4B,; @, Ps2,451)
a,ps2

(11.20) s.t. qa2p2(qa, + aB,; @, ps2, qs1) > QAzpz(qu2 + qB,; @, Ps2,4s1)

qB2P2(qA, + 4By @, PS2,G51) > qa2p2(qa, + By @, Ps2, 4s1)

where ¢/y, and ¢3, denote any alternative supply strategies of the strategic seller A and strategic
seller B in period 2 respectively. We assume that the speculator chooses the limit price pgo at
the level which makes the strategic sellers just be indifferent from deviating and not deviating.
The following lemma summarizes the speculator’s strategy in period 2 of the equilibrium with

free disposal.

Lemma 2. For any given level of inventory qsi1, the speculator supplies a fraction of his
inventory using a market order and (1 — «) fraction of his inventory using a stop-loss order

when the price falls below pss. a and pgo as functions of qs1 are given below:

3a 1
11.21 = — -
(I1.21) a(gs1) Satbas 2

., 0gs
(I1.22) ps2(gs1) =p" + %

where p* = 5 is the benchmark price. The stop-loss order’s price-quantity pair,
(ps2, (1 — a(gs1)) gs1) will be such that the period 2 clearing price pa will be equal to psa and
the stop-loss order will not be executed. The speculator gains a(gsi)gsip2 and is better off

when compared to the equilibrium without disposal.

Proof: See Appendix [A]

Notice that the stop-loss order has an interesting feature: the speculator’s supply increases
when the price drops. This is the opposite of what happens in classical competitive markets
where as the price comes down supply also comes down. The stop-loss order makes the market

price crash when the strategic sellers’ combined supply is large enough to trigger the execution
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of the stop-loss order. Therefore, it is in the interest of the strategic sellers to restrict the
amount they supply to ensure that the stop-loss order will not be executed. As is evident
from equation , in equilibrium, the speculator chooses a stop-loss price which is strictly
greater than the benchmark price in the economy without speculator.

For any given « and gg1, the incentive compatibility constraints in equation impose
an upper bound on the stop-loss price pgo that the speculator can set. However, the market-
clearing price in period 2 as given in equation is a function of only qg1 because the
speculator chooses the optimal a to maximize the revenue taking into account of the functional
relation between pgo and (o, gs1).

The optimal fraction for the speculator to sell using a market order, «, is a decreasing
function of the inventory gg1. The speculator can set a higher incentive-compatible stop-loss
price when he has a larger inventory since the execution of such a stop-loss order becomes a
bigger “threat” to the strategic sellers. Even though he sells a smaller fraction of his inventory,
the total quantity he sells in higher resulting in higher revenue.

In equilibrium, the two strategic sellers together supply a smaller number of widgets in
period 2 when compared to the economy without disposal to avoid the execution of the stop-
loss order. The stop-loss order ensures that one strategic seller will profit more by reducing
supply when the other strategic seller supplies what was the equilibrium quantity in the period
2 in the economy without disposal. In equilibrium, both strategic sellers will supply less
than the quantities supplied in the economy without disposal in period 2. The corollary
summarizes the profits of the two strategic sellers and the welfare of the consumers in period

2 of the equilibrium with disposal.

Corollary 2. When free disposal is available, there is a period 2 equilibrium where both strate-
gic sellers reduce their supplies by the same amount when compared to their period 2 equilibrium

supplies in the case without disposal. The period 2 profit of each strategic seller is given by

(4a — bgsi)(a —bgs)
360 ’

Taa(or 77*32) =
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which is strictly greater than the period 2 profit in the equilibrium without disposal. There is
also an asymmetric period 2 equilibrium where one strategic seller supplies the same amount as
in the equilibrium without disposal, and the other strategic seller supplies less so as to avoid the
execution of the speculator’s stop-loss order. In this asymmetric equilibrium, the strategic seller
who supplies less earns a higher profit. In any period 2 equilibrium the market-clearing price
in period 2, pso s higher than the market-clearing price, p* in the benchmark case. Consumers

are worse off in period 2 when compared to the benchmark case without the speculator.

We will appeal to Corollary [2| when we solve for the speculator’s optimal strategy in period
1. The speculator takes into account how his combination of stop-loss and market orders affect

the equilibrium in period 2.

Example 5:

Let the parameter values, a = 90, b = 1, and ¢g1 = 15, be the same as in Example 2. The
left panel of Figure [0 depicts the period 2 clearing price when the speculator chooses an o and
a stop-loss price given by equation . As the fraction to supply through stop-loss order,
1 — « gets bigger, the clearing price in period 2 becomes higher. Recall that the benchmark
clearing price (in the economy without the speculator) is given by p* = 30, which is lower than
Pgo(gs1) when a > 0.056, and the period 2 clearing price in equilibrium without disposal is 25,
which is lower than pg,(gs1) as long as 1 —a > 0. The speculator optimally chooses to dispose
12% of his acquired inventory; i.e., 1 — o = 0.12 which results in a market-clearing price of
p2 = 32.5 and the speculator’s revenue is equal to ggo po = 429 in period 2. We show that the
incentive compatibility constraints of both the strategic sellers are satisfied. The benchmark
market-clearing price is 30 which is lower than po, implying that the consumers are worse off
in period 2.

In the equilibrium without disposal, the speculator earns 25 x 15 = 375 in period 2 by
supplying his entire inventory for sale. In the equilibrium with disposal, the speculator earns
more than 375 in period 2 as long as he disposes of less than 37% of his total acquired inventory;

ie., (1 —«) < 0.37. This is depicted on the right panel of Figure @ In one of the many
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Figure 9 Period 2 market-clearing Price and Speculator’s Profit vs Fraction Supplied
Using Market Order

This figure depicts the period 2 clearing price (on the left panel) and the period 2 profit
of the speculator (on the right panel) according to different value of a € [0.5,1.0] with
parameters a = 90, b = 1, and ¢s; = 15. Both panels include the highest limit price
that satisfies the incentive compatibility constraints and the highest limit price which
guarantees that it is the unique clearing price in period 2.

asymmetric equilibria, one of the strategic sellers will supply 19.3 units with a period 2 profit
of 625 (which is equal to the period 2 profit in the equilibrium without disposal), and the other
strategic seller supplies 25 units (the same as the equilibrium supply in period 2 when there is
no disposal) with a period 2 profit of 812.5.

In the symmetric equilibrium, both strategic sellers will reduce their supplies equally to
avoid the execution of the speculator’s stop-loss order. It can be shown that each strategic
seller will supply go = 22.12 units. This results in a period 2 profit of ggo po = 718.9 for each
strategic seller. The speculator’s stop-loss order will get filled if any one of the strategic sellers
increases her supply.

Period 1

In period 1, the speculator maximizes his profit by choosing the price pg; and quantity
gs1 for his limit order taking into account how it will affect the equilibrium in period 2. The
demand schedule is given in equation in the equilibrium without disposal where gg and
ps should be replaced by gg1 and pgp respectively. Applying the argument we used in the case

without disposal, we get the following relation between pg1 as a function of ¢g1:

1 b
(IL.23) psi(gs1) =p* — 6\/b gs1 (4a+13bgs1) + 351'
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The above relationship between pg; and ¢g1 ensures that the incentive compatibility con-
straints given in are satisfied. This is because the lowest profit a strategic seller earns
when the two periods are taken together is the same as the equilibrium profit in the economy
without disposal which as we already showed satisfies the incentive compatibility constraints.
In equilibrium, the speculator has to choose only the optimal ¢g; to maximize his trading profit

taking into account the storage cost which is given by:

(I1.24) max  gsi (a(QSl)pQ(QSI) —psi(gst) — Cs)-

qs1
The equilibrium is summarized by the following proposition.

Proposition 2. There is an equilibrium where the per unit storage cost is less than the per

unit profit of the speculator, i.e.,

(I1.25) cs < a(ds)p2(ds) — Psi1(ds)-

The speculator will buy in period 1 using a limit order where the limit quantity is his mazimum
storage capacity, qs, and the limit price is given by equation ([1.23). He will sell in period 2
using the combination of stop-loss and market orders where the stop-loss price and quantity
are given in Lemmald. The period 1 market clearing price is equal to the speculator’s limit buy

price and the period 2 market clearing price is equal to the speculator’s stop-loss order price.

Proof: See Appendix [A]
The speculator’s trading profit is gs1(apsa — ps1) which can be thought of as quantity

times a weighted price spread as he disposes of the (1 —«) fraction of his inventory in period 2.

bgsi
12 >

While the weighted period 2 price, apgs = p* — decreases with ¢g1, the period 1 price pg;
decreases faster. This makes the speculator always fully utilize his capacity constraint when
free disposal is available.

As the period 2 market clearing price, pgs, is an increasing function of gg; and period

1 market clearing price, pgi, is a decreasing function of qg1, the price spread will increase
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when the speculator demands more. Let w* = %(a — p*)? denote the consumer surplus and

w*s

= i(a—pl)Q + i(a—pg)2 denote the sum of the consumer surpluses in period 1 and period
2 in the equilibrium with the speculator. It can be verified that consumers are better off when
both period 1 and period 2 are taken together, while they can be worse off in period 2. Since
consumers are myopic and price takers in our model, they will complain about high prices due
to speculation in period 2. In the next section we generalize the model to an economy with

more than two strategic sellers and show that consumers can be worse off even when the two

periods are taken together.

Ezxample 6:

Let a = 90, b = 1, and storage cost cg = 0.5 as in the earlier examples. Recall that
we showed in Example 5 that the equilibrium clearing price in period 2 in the economy with
free disposal will be greater than the equilibrium price in the benchmark economy with no
speculator. We now assume that the speculator’s maximum storage capacity, ¢s, is 15 units
and derive the speculator’s optimal limit order in period 1. In equilibrium, in period 1, the
speculator will buy using a limit order with a limit price of pg; = 22.3 and a limit quantity of
gs1 = 15. In equilibrium, in period 2, the speculator will sell his inventory using two types of
orders: (1) a market order to sell «gg; = 0.88 x 15 = 13.2 units, and (2) a stop-loss order to sell
(1 —a)gs1 = 0.12 x 15 = 1.8 when the price drops strictly below pgo = 32.5. In equilibrium,
the stop-loss order will not be executed and the market clearing price will be pgo = 32.5. The
speculator will be left with « fraction of his unsold inventory which he will dispose of at no
cost. The speculator’s profit in the economy with disposal will be « gg1p2 = 429, which is

greater than the profit of 375 in the economy without disposal.

Corollary 3. The following properties hold in any equilibrium:
i. The speculator’s profit and the spread between the prices in the two periods are increasing
functions of the speculator’s storage capacity qs.

1. Consumers are worse off in period 2 when compared to the equilibrium in the benchmark
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economy without the speculator. However, they are better off when the two periods are
taken together.
ii. The strategic sellers are better off when compared to the equilibrium in the benchmark

economy without the speculator.

In the economies we considered, profitable destabilizing speculation requires the presence
of strategic sellers. Speculation will not be profitable if the sellers as well as the consumers
are price takers. A natural question that arises is whether speculative profit will decline as the

number of strategic sellers increases. We examine this question in the next section.

III Model Extensions

III.A Oligopolistic Sellers and the Welfare of Consumers

In this section, we extend the analysis to an economy with one large speculator and many
oligopolistic/strategic sellers. Since the analysis closely follows the analysis in the equilibrium
with two strategic sellers, we provide the equations characterizing the equilibrium in Appendix
Bl By making use of the equations, we show that consumers can be worse off in equilibrium
relative to the equilibrium in the benchmark economy without the speculator, in the numerical

example below.

Example 7:

Suppose that there are m = 15 strategic sellers and the parameters be the same as in
earlier examples. It can be verified that in the benchmark economy without the speculator,
the market clearing price is 5.6. Each strategic seller will supply 5.6, i.e., the aggregate supply
is 15 x 5.6 = 84, and earn a profit of 31.4 consistent with equation in the Appendix B.
As in the duopoly case, the speculator will fully utilize his storage capacity to maximize his
trading profit, and accumulate an inventory gg; = 15 units in period 1. In the economy without

disposal, the speculator will sell all his inventory using a market order and each strategic seller
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will supply 4.7 units in period 2. The equilibrium period 2 market clearing price will be 4.7.
Each strategic seller will earn a profit of 22 when the two periods are taken together. When
there is free disposal, the speculator optimally chooses to supply 0.69 of his inventory through
a market order and the rest through a stop-loss order with a price of 12.2. To prevent the
execution of the stop-loss order, each individual strategic seller will reduce her supply to 1.8
units resulting in a profit of 22. Note that the speculator’s revenue in period 2 is 70.3 when he
sells using a market order and is 126.6 when he sells using the combination of a market order
and a stop-loss order.

In the equilibrium with free disposal, the period 1 clearing price is 1.7 and the period 2
clearing price is 12.2 which leads to a consumer surplus of 3900 in period 1 and 3027 in period
2 which is lower than the benchmark equilibrium in which the consumer surplus is 3560 in both
periods. We use the same parameters that we used in this example and solve it for a range of
m € [2,20]. Figure plots the consumer surplus of the two periods, and the clearing price
in the benchmark equilibrium and the period 1 and period 2 clearing prices in the equilibrium
with free disposal.

From the left panel of Figure we can see that the consumers will be worse off when
m > 9 and there is free disposal when compared to the benchmark equilibrium. The right
panel of Figure explains why speculation lowers consumer surplus when there are more
strategic sellers. The equilibrium prices in all the economies decrease as m increases. As the
number of strategic sellers increases, the difference between period 1 price with free disposal
and benchmark price in the economy without the speculator decreases, which is good for
the consumers. However, the difference between period 2 price with free disposal and the
benchmark price in the economy without the speculator increases faster. Since consumers
surplus is given by w*® = %(a —p1)? + %(a — p2)?, speculation can make consumers worse off
when there are more strategic sellers.

In Figure the consumers are better off in the equilibrium with free disposal than in
the benchmark equilibrium when either m or ¢g is small. This is because when either m or

ds is small, the “bargaining” power of the speculator relative to an individual strategic seller
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Figure 10 Consumers’ Surplus and the Market-Clearing Price with More-than-Two
Sellers

This figure depicts the consumer surplus (on the left panel) and the clearing prices (on
the right panel) according to a range of m € [2,20] with parameters a = 90, b = 1, and
gs = 15. W* and Wy denote the consumer surplus in the benchmark equilibrium and the
equilibrium with free disposal respectively, and p*, ps1, and pgo denote the clearing price
in the benchmark equilibrium and period 1 price and period 2 price in the equilibrium
with free disposal respectively.

is small in period 2 so that the period 2 clearing price is not high enough to outweigh the
benefit of the low clearing price in period 1. When either m or gg increases, however, the
speculator’s inventory becomes a bigger “threat” to any individual strategic seller. In other
words, the highest stop-loss price which satisfies the incentive compatibility constraints is
higher when the size of an individual strategic seller becomes smaller or the speculator carries
more inventory into period 2.

Equation (B.8)) in the Appendix [B| gives the maximum per-unit profit of the speculator,
apsga —ps1, when there are m strategic sellers. As the speculator always acquires the maximum
inventory he can take in period 1, the maximum per-unit profit determines whether the spec-
ulator’s participation constraint is satisfied. According to equation , the per-unit profit
is a function of the number of the strategic sellers in the market, m. Even though m is an
exogenous parameter in our model, we are interested in how the competitiveness of the market
affects speculation. In Figure we plot the maximum per-unit profit, apse — pg1, for a range
of m when a =90, b =1, and gg = 15.

The per unit profit of the speculator is a hump shape function of the number of the strategic
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Figure 11 Impact of the Number of Sellers, m, and the Speculator’s Storage Capacity,
gs, on Consumers’ Surplus

This figure plots the region where the consumer surplus is greater (less) in the equilibrium
with free disposal than in the benchmark equilibrium for m € [2,30] and gs € [0, 30]
with a = 90 and b = 1. The dark gray (light gray) shaded area represents the parameter
space where the consumers are better (worse) off in the equilibrium with free disposal
than in the benchmark equilibrium, i.e., Wg > W* (Wg > W*).

Per-Unit Profit

é 1I0 1I5 20 m
Figure 12 The Relationship Between the Maximum Per-Unit Profit of the Speculator
and the Number of Strategic Sellers.

This figure plots the maximum per-unit profit of the speculator, a psa—ps1, for a function
of the number of strategic sellers, m € [2,20] in the marketplace — a measure of ex-ante
degree of competitiveness. We assume demand parameters, a = 90 and b = 1, and the
storage capacity of the speculator, gs = 15.
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sellers, m. It first increases with m, and reaches maximum when m = 4 and m = 5, and then
decreases with m. Speculation can never occur in two extreme cases we do not consider in this
numerical example. First, if there is a monopolistic seller in the market, the speculator cannot
move the clearing price since the monopolist is fully aware of the strategy of the speculator.
Second, if the market is fully competitive, the speculator cannot affect the price and make
a profit. Thus, speculation can only happen in an oligopolistic market with not too many

strategic sellers.

So far, in the economies we considered we assumed that there are no exogenous uncertain-

ties. In the next section, we extend the analysis to an economy with demand shocksm

III.B An Economy with Demand Uncertainty

We assume that the intercept term in the period 2 aggregate inverse demand function of
consumers is given by: a2 = a + € > 0, where € is a zero-mean random variable and a is the
intercept term in the period 1 aggregate inverse demand function. The value of ¢ is revealed
to all agents at the beginning of period 2. As before, we assumed strategic sellers and the
speculator are risk neutral. Further, we assume that, P(az > bgs) = 1, i.e., the lowest realized
as is above b times the speculator’s maximum storage capacity. Since as is known to all agents
when they trade in period 2, the strategic sellers will adjust their supplies according to the
realization of ¢, and that will affect the market clearing price in period 2.

In the economy without the speculator, there is no connection between period 1 and period

2. The equilibrium outcomes in period 2 are given by:

2

* a2 * a2 * as
1.1 _ @ I
( ) q 35’ D 3 and 7 b

The equilibrium outcomes in period 1 will be the same as in the equilibrium without demand

I7Tf we assume that the future demand is uncertain and the speculator is risk-averse, then the spec-
ulator needs a premium to undertake risky speculation. This will make profitable speculation less
likely.
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uncertainty and no speculator. Each strategic seller will earn a profit of ‘9‘—2 in period 1 and an
expected profit of E [7*] in period 2.

When there is a speculator and disposal is not available, the speculator will have to sell all
his inventory in period 2 using a market order. Therefore, when disposal is not available, the

market clearing price in period 2 is given by:

—-b
(I11.2) N = %
Each strategic seller’ profit is given by:

- bC]Sl)2
I1L, iy _ (a2 bas1)”
(I11.3) T2 9%

When free disposal is available, the speculator will optimally choose a combination of market
and stop loss orders as given below.Following the arguments in the proof of Lemma [2| it can

shown the equilibrium market clearing price in period 2 is given by:

_ 2a3+ bqgs1

(I11.4) v .

Suppose that the speculator submits his demand in the form of (II.9)) in period 1, the
strategic sellers will evaluate the benefit and cost of increasing supply to fill the speculator’s

limit order. The condition ensures the execution of the limit order:

2

a_pS]_ a *N a
. - — > —
(I11.5) < ) 3 +q51) ps1+E[m"] > o

+ E[73].

In the above equation, the LHS is the expected profit of the strategic seller who unilaterally
increases supply and the RHS is the expected profit if she supplies the same quantity as in the
equilibrium of the economy with no disposal. It follows that the uncertainty of the period 2
demand does not change equilibrium clearing price in period 1 and thus the optimal demand

of the risk-neutral speculator remains unchanged. When the speculator is risk averse, the
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demand uncertainty deters speculation by making the speculator’s profit risky.

II1.C Equilibrium with Two Speculators

In this section, we examine the economy with two speculators, X and Y, and two strategic
sellers, A and B, and show that the results in the earlier sections continue to hold with two
speculators when the aggregate storage capacity is limited.

We first consider the case in which the speculators do not have access to disposal. Suppose
speculators X and Y enter period 2 with inventories ¢, and ¢,. Each speculator maximizes his
period 2 profit by taking the other speculator’s strategy as given. The period 2 equilibrium
supply and the market clearing price will be as given earlier in equation and , with
the aggregate inventory of the speculators replacing the inventory of the single speculator.
Notice that the aggregate inventory will be g, + ¢, or ¢, or g, or 0 depending on the period 1
clearing price and the prices and quantities specified in the two speculators’ limit orders.

In period 1, speculators X and Y will choose prices p, and p,, and quantities ¢, and g, for
their respective limit orders. Similar to the economy with a single speculator, each speculator
ensures that the strategic sellers will supply the amount they demand using limit orders. In
addition, each speculator will take into account the limit order of the other speculator as well
when submitting his limit order.

Let @, and g, denote the maximum storage capacity of the two speculators X and Y
respectively; ps(-) denotes the period 1 best limit price choice for a single speculator defined
in equation ; and a and b are demand and sensitivity parameters as defined in equation
(I1.3). The following proposition summarizes an equilibrium in which the generated price
spread with two speculators is the same as if there is a monopolistic speculator with the same

aggregate storage capacity.

s . L 5v/3—6
Proposition 3. When the aggregate mazimum storage capacity, @z + gy < (\é;ib)“; the spec-

ulators X and Y will set the limit buy-quantity as @, and G, respectively and set the limit buy

price as ps(qz +qy). The price will be lower in period 1 when the speculators buy and higher in
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period 2 when the speculators sell. The price spread between period 1 and period 2 is maximized
when the aggregate storage capacity is equal to (5\/3%7;%. The speculators will participate when

the anticipated price spread is greater than the per unit storage cost.

Proof: See Appendix [A]

The results in proposition [3| show that the magnitude of the price spread between the two
periods is independent of the number of speculators when the aggregate storage capacity is
limited. When the aggregate capacity is relatively low, the two speculators will not compete
with each other on the limit buy price. This is because each speculator’s objective is to
maximize the spread for a given limit buy-quantity after taking the rival’s limit order as given.
The price spread is an increasing function when the aggregate limit buy-quantity is less than
(5\/3‘5;7_1)6)(1. Moreover, each speculator will choose the maximum storage capacity available to
him as the limit buy-quantity to maximize their own trading profits.

Proposition [3]does not imply that the equilibrium price spread is always independent of the
number of speculators. Specifically, when the two speculators may compete on price, resulting
in a smaller price spread, when their aggregate inventory capacity exceeds the threshold men-

tioned in proposition [3| but less than —2%—— which is the profit-maximizing inventory of

(11+5v61) b
the single speculator as shown in Section [[I.B.1] We do not provide detailed proof for the case
when the aggregate inventory capacity is large but conjecture that the generated price spread
in such case will be equal to the speculators’ storage cost.

Next, we consider the economy with disposal. In this economy, the speculators have more
choice variables: period 1 limit price and quantity and period 2 stop-loss price and quantity.
To simplify the analysis, we limit the maximum quantity that the speculator can dispose of
in period 2. Let 1 — « denote the fraction of the acquired inventory that can dispose without
cost. We further assume that each speculator disposes 1 — « fraction or not to dispose of at
all.

Let ¢, and g, denote the storage capacity of the two speculators X and Y respectively; ps(-)

and pga(a, gs1) respectively denote the period 1 best limit price and period 2 best stop-loss

price chosen by the speculator in the economy with only one speculator, given by equation
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(I1.15) and (A.6) in the appendix. We assume b = 1 for expositional convenience. Hence, the

aggregate demand function becomes pi(Q;) = a — Qy, for t, t = 1, 2.
The following proposition characterizes the equilibrium in which the equilibrium price

spread with two speculators is the same as in the economy with only one speculator.

Proposition 4. If the aggregate storage capacity, qs = @ + Gy, 5 below (5\/37;6)“ and the

speculators have to choose between no disposal and disposing of a (1—a) fraction of the acquired

inventory, where o = ;;2%95 , speculators X and Y will both supply a fraction of their respective

inventories using a market orders, and the remaining 1 — « fraction using stop-loss orders with
the same stop-loss price psa (o, Gs) in period 2, and limit buy-quantities @, and G, with the
same limit buy price ps(qx + @y) in period 1. Ceteris paribus, the equilibrium price spread in
the with-disposal economy is greater than the equilibrium price spread in the without-disposal

economy.

Proof: See Appendix [A]

Suppose that both speculators supply « fraction of their inventories using market orders
and the remaining (1— ) fraction using stop-loss orders with a stop-loss price of pgs (e, Gs). In
this case, each speculator makes a per-unit profit of a pss (o, §s) which is higher than per-unit
profit of pga (1, gs) when the speculators supply only using market orders in period 2. Fur-
ther, since the other speculator’s stop-loss order will be triggered once one speculator chooses
to supply the entire inventory using a market order, neither speculator will choose to give up

the use of disposal technology. The following example illustrates this intuition.

IV Conclusion

We consider a two-period model economy with two strategic sellers and many atomistic
consumers. In this model economy, there are no demand or supply uncertainties and the market
clearing price is the same in both periods. We examine the consequences of a large speculator

with access to the storage facility entering the market, specifically, the effect of speculative
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activities on the market-clearing prices and the welfare of all agents. The speculator has
no independent supply. Hence the speculator buys in period 1 to supply in period 2. The
speculator’s strategies are known to all other agents. We show that the speculator lowers the
market price while buying in period 1 and raises the market price while selling in period 2
through clever use of limit, market, and stop-loss orders. The speculator’s use of limit buy
order in period 1 changes the shapes of the aggregate demand curves in both periods that the
strategic sellers face. That induces the strategic sellers to supply more in period 1 to meet
the speculator’s demand and reduce their supply to account for the dumping of speculator’s
inventory in period 2, creating volatility that destabilizes the market in the sense that it reduces
the profits of both strategic sellers. In period 2, if the speculator cannot dispose of any part of
the inventory acquired in period 1 without selling, the speculator’s activities make consumers
better off in both periods. However, if the speculator can freely dispose of some of the inventory
acquired in period 1 and sell only the rest in period 2, consumers are worse off in period 2, but
better off overall when the two periods are taken together.

Our main results do not change if we introduce demand uncertainty when the speculator
is risk-neutral, or introduce an additional speculator, but we do need additional restrictions
on the storage capacity available to the speculators. We find that when there are multiple
strategic sellers resulting in increased (but not perfect) competition among them, consumers
can be made worse off overall as well. Their welfare gains in period 1 can be more than offset
by their welfare losses in period 2. Our results suggest that destabilizing speculation that make
strategic suppliers and consumers worse off can occur even when all agents are rational and

there is no asymmetric information among agents.
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Appendix

A Proofs

Proof of Lemma

To make the limit buy price satisfy the incentive compatibility constraints, one of the
two strategic sellers has to find it profitable to supply more to meet the speculator’s demand
relative to the benchmark case without the speculator.. Suppose that the speculator chooses
the limit price as pg for a given qg and the two strategic sellers supply the benchmark quantity,
g*. If strategic seller A supplies more to meet the speculator’s demand in full and reach the
limit price, she has to supply % — ¢* + gg. This gives her a profit of (% —q + qs) pg in
period 1. If the strategic seller can have a higher profit when taken the two periods together,

she will supply more to meet the speculator’s demand, i.e.,

— —bge)?
(A1) <a bps —q*+qs> ps+(agfs) > 27,

where LHS is the unilateral deviating profit of the deviating strategic seller and RHS is her
benchmark profit. The speculator chooses the lowest clearing price which satisfies condition
to minimize his inventory acquiring cost. When equation holds as equality, we
get the lowest limit price which is given by in Lemma This limit price makes the
strategic sellers be indifferent from supplying the benchmark quantity and supplying more to
meet the speculator’s demand.

To show the strategic sellers will not supply more than (% —q + qs) when the spec-
ulator chooses a limit buy price pg for a given qg, we first note that any further increase in
supply does not affect the strategic sellers’ profit in period 2 when the speculator’s limit order

is fulfilled in period 1. The best response functions of strategic seller A in period 1 is thus

given by:

(A.2) qai(gm) = o — 181 L 95



By substituting g1 with ¢* in the above equation, we get the optimal quantity for the devi-
ating strategic seller to supply, however, this quantity is smaller than the unilateral deviating
quantity (% —q"+ qs). So that the deviating strategic seller does not have incentive to
increase her supply further.

In addition, the strategic sellers will supply the speculator’s demand in full rather than
supplying only a fraction of the speculator’s demand when the speculator’s limit buy price is pg
and the demand is gg. To see this, let’s first consider that the speculator demands two different

quantities qg) and qg), where qg) < qu2)

pg(qgl)) and pg(qgg)) for the two quantities. Since the pg(gg) is a decreasing function of gg, we

have pS(qg)) > ps(q(SQ)). Recall that the speculator chooses the limit price which makes the

, and the speculator chooses two different limit prices

strategic sellers be indifferent between supplying more and supplying the benchmark quantity.

If the speculator chooses to demand q(S2) at price pg(q(sz)), the deviating strategic seller will

be worse off by only supplying qg) of the speculator’s demand. Thus, the deviating strategic

seller will always fully supply the speculator’s order. This completes the proof. O

Proof of Proposition

According to Lemma [}, the speculator’s limit price will be the clearing price in period 1
if the speculator demands gs and chooses pg(qg) as the limit price. The period 2 price pa,
which is given by equation , depends on how many units of widgets that the speculator

acquired. Hence the spread between the period 2 and period 1 clearing prices is given by:

(43) palas) — ps(as) = 5 (Voastia+ 13bgs) — 5bas)

The price spread reaches its maximum % ~ 0.04a when qg = (5\/59;6)‘1 R 0'%7“. Since

the speculator’s participation constraint will be satisfied if his per unit profit p2(gs) — ps(qs)

is greater than the per unit storage cost cs, the speculator will enter the market and affect the

clearing prices in both periods when cg < % which completes the proof. O
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Proof of Corollary
When there is no storage cost, the speculator’s profit is the product of the inventory and

the price difference between period 1 and period 2,

(A.4) qs(ps(as) — ps(gs))

Given that speculator’s order has to make the deviating strategic seller indifferent to supplying
more, the aggregate loss comes from the strategic seller who does not deviate. Hence, the

aggregate loss is given by:

(A.5) 21" — q"ps(gs) — m2(qs)

where * and ¢* are the single-period benchmark profit and supply of any strategic seller derived
in , m2(qg) is the period 2 profit of any strategic seller when the speculator liquidates gg
with a market order derived in , and pg(gs) is the lowest limit price that the speculator
can achieve in period 1 with a limit quantity of qg in . With the conditions that a > 0,
b > 0, and gg > 0, we can verify that is always greater than which completes the

proof. O

Proof of Lemma 2

Entering the period 2, the speculator has an inventory of gg; units and chooses to use a
combination of a stop-loss order and a market order to sell his inventory. He will maximize
his revenue by optimally choosing the price and the quantity on his stop-loss order. For the
stop-loss order not to be executed, one strategic seller has to reduce her supply to “=52 —

afg% — aqg1 so that the clearing price is equal to pge when the other strategic seller supplies

% which is the period 2 supply in the equilibrium without disposal. The price-quantity

combination of the speculator’s stop-loss order has to guarantee that the strategic seller who
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unilaterally reduces supply satisfies the following condition:

a—ps2 a—bgs1 _ (a—bgs1)?
where on the LHS is the deviating strategic seller’s period 2 profit when she reduces supply
unilaterally and on the RHS is the period 2 profit in the equilibrium without disposal. This
gives the maximum stop-loss price that satisfies the strategic sellers’ incentive compatibility

constraints for any given «,

. b 1—3a)+ /30 1—«)(d4a—0b 1+ 3«
(A6)  psalangs) = pt + LB LZ30HV gs1(1 = a)(da ~ by (1 +3a))

Since the speculator’s revenue can be written as aqggipse where pgo is a function of a and
gs1, the speculator will choose an optimal « to maximize his revenue. This gives the optimal
« as a function of gg1: «a = %fﬁ — % Note that gs1 € [0, §] is a sufficient condition for

€ (0,1]. Substituting o into pgs gives equation (I1.22)).

For pgo to be the equilibrium price, we need to show that the strategic sellers do not have
incentive to increase supply when the clearing price is pgo. To see this, note that any increase

in supply will trigger the execution of the stop-loss order, i.e., the speculator sells all of his

inventory which is what happens in the without disposal case. This completes the proof. [

Proof of Proposition [2
Given that the clearing price in period 1 is given by (I1.23)) and the stop-loss price and

the derived optimal « are given in Lemma [2], we can write the speculator’s per unit profit,

aps2 — Psi1, as

1 7bqs1
- 4 1 — .
6\/5%*1( a+13bgsy) 1

Its derivative with respect to ggs1 is always positive for gs1 € (0, %] Therefore, the speculator
will always fully utilize his storage capacity, gs. To ensure that the speculator will participate

in the game, his per unit storage cost cannot be higher than the maximum apgs — pg1 which
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occurs when gg1 = gg. This completes the proof. O

Proof of Corollary (3

By substituting the limit buy price in and the stop-loss price in Lemma [2[ into the
price spread pgo — ps1, it is easy to verify that its derivative is always positive when gg is
between 0 and 7. Thus, the price spread will increase as g increases. Similarly, substituting
the pg1 and pgo into the consumer surplus function, which is w* = %(a— p*)? for the benchmark
equilibrium and and w** = %b(a —p1)?+ %b(a — p2)? for the equilibrium with free disposal, we

can verify that the consumers are always better off when the two periods are taken together

for any given limit quantity chosen by the speculator in period 1. This completes the proof. [J

Proof of Proposition [3

Without loss of generality, we assume that ¢, < ¢,. Since pg(-) is a decreasing function,
Ps(qz+qy) < ps(qy) < Ps(gz). We prove the proposition by first showing that both speculators
will choose ps(q. + gy) as their limit price when their aggregate storage capacity is below

(5‘/3%;6)“ R 0'%7‘1 and then showing that each of them will choose their maximum storage

capacity as the limit buy-quantity.

The objective of speculator Y in period 1 to maximize the trading profit. For a given
quantity g, < gy, the speculator Y’s objective becomes choosing a limit buy price to maximize
the price spread between the two periods subject to the incentive compatibility constraints.
When the speculator X chooses ¢, < ¢, and p, = ps(gx + ¢y), the minimum limit buy price
that satisfies the incentive compatibility constraints is ps(q. + ¢gy). If the speculator Y chooses
any limit buy price p, < ps(¢z + ¢y), the limit orders of the speculator X and Y will not be
executed. If the speculator Y chooses any limit buy price ps(g. + ¢y) < py < ps(qy), the
clearing price will be equal to ps(g; + ¢,), which leads to a price spread of pa(qy) — Ps(qy). If
the speculator Y chooses any limit buy price p, > ps(qy), the clearing price will be equal to

py since the deviating strategic seller is better off filling speculator Y’s order in full. Moreover,
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the minimum period 1 price the speculator Y can get within the range p, > ps(qy) is Ps(qy),
which leads to a price spread of pa(qy) — Ps(qy)-

Note that the price spread, p2(¢s) — ps(gs), is an increasing function for gg < (5\/§T—b6)a,
therefore, the speculator Y is better off choosing the limit buy price ps(g» + gy) relative to
Ps(qy). The argument also applies to the speculator X. Hence, the period 1 clearing price
is equal to ps(¢. + gy) when the speculator X and Y choose limit buy-quantity ¢, and g,
respectively. Moreover, each speculator will choose their maximum storage capacity as the

limit buy-quantity as each speculator’s trading trading profit is an increasing function of their

own limit buy-quantity. O

Proof of Proposition [J}

In period 2, the speculators X and Y choose either to supply the entire inventory using
market orders, which yield profits of ¢,p2(q. + ¢y) and gyp2(gz + gy) respectively, or supply
a fraction of their inventory using market orders and the rest (1 — a)g, and (1 — a)g, using
stop-loss orders, with a certain stop-loss price.

When one speculator sets the stop-loss price at pga(a, gz + ¢y), derived in the proof of

Lemma [2] the other speculator will set the same stop-loss price when apga(a, qs) > p2(qs)

which yields o € [ ;_:zqqss, }

In period 1, proposition |3[shows that both speculators will demand their storage capacities,

¢» and @y, using limit orders in period 1 when the maximum aggregate storage capacity is

below 0'%7‘1. Together with the fact that apsa(a, gs) — ps(gs) > p2(¢s) — ps(gs), we obtain

the existence of the with-disposal equilibrium. ]
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B Outcomes in the Oligopoly Equilibrium

We assume that the demand function is given in equation (II.1)) and there are m identi-
cal strategic sellers. When there is no speculator in the market, the benchmark equilibrium

outcomes are

a a
B.1 e d p*= .
(B.1) T !

When a speculator with no access to disposal enters the market, the equilibrium clearing

price and the supply of each strategic seller in period 2 is

_a—bgs1 _a—bgsy
(B.2) QQ—(m+1)b7 and po = o

The speculator submits a limit order to acquire inventory in period 1, and the optimal limit

buy price that the speculator chooses is

1 4da(m — 1) 4
B.3 =p*+=b - 2 2
( ) bsi p + 9 (%‘1 \/b(m + 1)2 gs1+ (m + 1)2(151 + qSl) ’

a
m+1

where p* = is the benchmark clearing price. As the square root term is greater than gg1,
we have pg; always lower than p*. In equilibrium, pg; is the clearing price in period 1.
When a speculator with access to free disposal enters the market, the speculator uses a

combination of market order and stop-loss order to sell in period 2. The highest stop-loss he

can choose for any given « and gg is

b(m + 1)\/(a—l)QSl(bQSzgfn-iJ-r({X)—l)m'H’*)—‘la) +2a—bgsi(a+ (@ —1)m+1)
2(m+1) ’

(B4) pPs2 =

where gg1 is the inventory he acquired in period 1 and « is the fraction of inventory he sells

using market order in period 2. To maximize his profit in period 2, the optimal « for the

o4



speculator is

o 4a 4+ b(m — 3)qs1
 4a+2b(m —1)gs1

(B.5)

Substituting the optimal « into equation (B.4]), we have

_ 2a+b(m—1)gs

bgsi—a

The derivative of pgo with respect to m and ¢g; are )2

and % respectively. In

equilibrium, the clearing price in period 2 is equal to pge. Similar to the equilibrium without

disposal, the speculator with access to free disposal submits a limit order in period 1 and

chooses the same pgy in equation (B.3) to acquire inventory.

In equilibrium, the strategic

sellers increase supply to meet the speculator’s demand in period 1 and the clearing price is

psi-

The price spread between the two periods in the equilibrium with free disposal is

Vbgsi(4a(m — 1) +b(m(m +2) +5)gs1) — 2bgs

B.7 — —
(B.7) PS2 — PS1 2m 1)

)

and the per unit profit, apgs — pg1, of the speculator when free disposal is available is given

by

B.8 — —
(B.8) apsa — ps1 T D)

%)

2\/[) qs1 (4a(m — 1) + b(m(m + 2) + 5)q51) — b(m + 5)qS1 ‘
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