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This paper provides a new rationale for hedging that is based, in part, on non-competitive
behavior in product markets. We identify a set of conditions which imply that a firm may want to
hedge. Empirically, these conditions are not inconsistent with what is observed in the market
place. The conditions are: (i) firms have some market power in their product market, (ii) firms
have limited liability, and (iii) firms can contract to sell their output at a specified price before all
factors which can affect their profitability are known. For some parameter specifications,
however, our model predicts that firms will not want to hedge. This result is important as our
hedging results since, in practice, although a large fraction of firms do hedge their cash flows, a
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1 Introduction

Risk management has become an integral part of the financial management of companies. Accord-
ing to a survey of large US non-financial firms (Smithson [1996]), 65% of the responding firms
have used derivatives to manage risk. A similar Canadian study (reported in Smithson [1996])
found that 80% of large firms used derivatives to manage risk. Why do these firms hedge?

In order to provide a rationale for the hedging behavior of firms, existing theories have relied
upon the existence of taxes (Smith and Stulz (1985) and Graham and Smith (1996)), asymmetric
information, (DeMarzo and Duffie (1991), Ljungqgvist (1994), Breeden and Viswanathan (1996)
and Degeorge, Moselle and Zeckhauser (1996)), risk-aversion (Stulz (1990) and DeMarzo and
Duffie (1995)) and costly external capital (Froot, Scharfstein and Stein (1994)). All these papers
take the firm as the basic ‘unit of analysis’. That is, cash flows under alternative hedging scenarios
are exogenously specified and the firm’s problem is to choose that hedging strategy which maxi-
mizes its expected payoff. Following the seminal contributions of Brander and Lewis (1986) and
Maksimovic (1986)—which point out that there is an intimate relationship between product market
competition and a firm’s choice of capital structure—we provide a new explanation for hedging
that is based on non-competitive product market competiidhe general flavour of the Brander
and Lewis (1986) and Maksimovic (1986) results carries over to a model where the firm’s financial
decision is not one of choosing an appropriate debt/equity mix but instead deals with the amount of
futures contracts it should buy or sell. In particular, the firm may be able to act more aggressively

in the product market and, as a result, may be able to attain a higher payoff when it hedges it cash

IMaksimovic (1995) provides a nice summary of the financial structure and product market competition literature.
Our paper is somewhat related to papers by Allaz (1992) and Allaz and Villa (1993). These papers examine pricing
and output policies of imperfectly competitive firms that can buy and sell forward contracts on their output. Firms,
however, do not buy or sell futures contracts.



flows. Hence, just as debt can be viewed as a device that commits the firm to act more aggressively
in the product market in the models of Brander and Lewis (1986) and Maksimovic (1986), futures
contracts can be viewed as providing the firm with the same kind of commitment in our model.

The intuition that underlies our model of corporate hedging is as follows. Firms compete in a
non-cooperate manner in the product market. A firm may be able to achieve a ‘first-mover advan-
tage’ over rival firms and does so by selling its output contractually at a predetermined (delivery)
price, instead of waiting to compete directly in the spot market. If the firm does sell its output
contractually at a predetermined price, then it subjects itself to default risk since it agrees to sell
its output at a fixed price before all factors affecting its productivity are known. For examele, if
postinput prices turn out to be ‘high’, the firm may default on its contractual obligations to deliver
output owing to insufficient resources. Consumers are, of course, rational. The fact that the firm
may default in some states of the world will Bx ante impounded into the delivery price. If the
firm could somehow commit to delivery in all states of the world, consumers would bid up the
delivery price. The firm wouldike to commit to delivery if the expected profit associated with de-
livery in all states is greater than the expected profit associated with default in some states. In such
circumstances, the fireancommit to delivery in all states of the world by purchasing futures con-
tracts whose underlying asset is sufficiently correlated with its input prices. The futures contracts
will ‘pay off’ precisely at the time when the firm’s resources are strained. Hence, futures contracts
have value because they prevent the firm from defaulting on a contractual obligation when ‘not
defaulting’ is €x ant@ important.

It is not the case, however, that firms who sell their output contractually will want to hedge

their cash flows in order to prevent default. (Surprisingly, it may not even be the case that a firm



would want to exercise its first mover advantage!) For some firms, hedging cash flows to prevent
default on contractual obligations may actudtyer expected payoffs. These firms will not use
futures contracts. This is an important result because although, in practice, a large proportion of
firms hedge (65% in the U.S.), a large number of firms do not. Any theory that attempts to provide
a rationale for corporate hedging must at the same time be consistent with the fact that not all
firms want to hedge. Our theory is consistent with both the strict preference of hedging and strict
preference with not hedging.

Below, we provide a model where a firm may hedge its input prices. This is but one example
why a firm might want to hedge risk. We could have, alternatively, formulated our model in an
international context. For example, a domestic firm may agree to sell its output abroad at a fixed
delivery price denominated in a foreign currency. At the time when the firm is to produce and
ship the goods abroad, the exchange rate may move against the firm, implying that the firm will
default on its delivery contract. The firm can, however, avoid default by entering into a foreign
exchange futures contract. If the firm’s expected payoff is higher if it does not default, compared
to its expected payoff if it does default in some states, then the firm will, in fact, hedge its foreign
exchange exposure.

The paper is organized as follows. A model where two firms compete in the product market
is presented in the next section. Section 3 describes the equilibrium outcomes when a Stackel-
berg market structure is assumed, i.e., one firm competes by forward selling delivery contracts and
the other firm’s production decision is made after the first firm delivers on its contractual obliga-
tions. Section 4 describes the equilibrium outcomes wheexgrostCournot market structure is

assumed, i.e., both firms wait until the state of the world is revealed and comet€ournot.



Section 5 characterizes the ‘equilibrium market structure’, i.e., a firm can choose to be a leader
and competes contractually, or can choose to compete simultaneouslyeix plostspot market.

Section 6 concludes the paper.

2 The Model

Two firms compete for a given market demand. The firms are endowed with identical constant
returns to scale production technologies, are risk neutral and have limited liability. Firms have no
outside wealth.

One can interpret the firms as playing a game over two dates, date 1 and date 2. At date 1 the
unit costs of production are unknown but, between dates 1 and 2, these costs are revealed. We
assume, for simplicity, that there are only two states of the world: a low cost state of the dvorld,
which occurs with probability and a high cost state of the world,which occurs with probability
1 — 0. We denote the unit cost of productionas s € {h,l}, wherew, > w;, and the expected
unit cost of production as = fw; + (1 — 0)wy,.

Let x; represent the output that is supplied to the market by fiem{1, 2} at date 2. Market

demand is represented by the linear inverse demand curve

p=a—x, a>0,

wherep represents the price of the good ands market demand which equals market supply,
T, + Zo.

Firm 1 can choosevhento sell its output to consumers. Firm 1 can either,



1. sell its output by writing contracts with consumers at date 1 or
2. sell its output at date 2—after the state of the world is revealed—in the ‘spot market'.

If firm 1 sells its output contractually at date 1, then each contract promises to deliver a one
unit of output at date 2 at a prespecified unit price We will refer to such contracts dsrward
contracts. Because the unit production costs are unknown at the time when a forward contract is
written, the date 2 payoff associated with a forward contract is uncertain. Denote the total number
of forward contracts written by firm by X;. It is rather important to emphasize that, owing to
limited liability, firm 1 may end up defaulting on its forward contract obligations at date 2. This
could happen if, for example, the forward contract pritds less than the unit cost of production.

Firm 2 makes its production decision at date 2 and sells its output in the spot market.

Firms may have an incentive teedgetheir input prices. Although the purpose of this paper is
to understand why firms hedge, one can conjecture that firm 1 may wish to hedge in order to avoid
the possibility of defaulting on its forward contracts or that either firm 1 or 2 may choose to hedge
for strategic reasons. We suppose that at date 1 there exists a futures market that trades futures
contracts on the unit cost of production. As is convention, the futures gricas set so that the
value of the futures contract at inception is zero. The payoff to a futures contract is realized at date
2, where the payoff is a function of the difference between the futures griceand the date 2
unit cost of productiony,. If the firm buys—or is ‘long’—in a futures contract the date 2 payoff

isw, — F, in states € {h,(}.2> A firm is said to hedge its input costs if the payoff to its futures

2The results of this paper will not be altered if we assume that firm 2 has the same choices, in tetmestof
compete, as firm 1. We show this in Section 5. Hence, the assumption that firm 2 can only compete in the spot market
should be viewed as a simplifying one.

3Although a futures contract pays off in dollars, one can conceptually think about a long futures position, i.e.,
buying a futures contract, as agreeing to purchase the input at dateFg.forhe buyer ends up paying, for an
object whose value is,: the buyer’s payoff is, therefore,, — F,,,.
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contract position is positive when input prices are high and negative when input prices are low.
Hence, a firm hedges by taking a long position in futures contracts.
Because firms have limited liability, the lowest payoff that they can receive in any state is zero.

More formally, if X; > 0, then firm1’s payoff in states € {h, [} is given by

15 (X;) = max{ﬂj}, 0},

where

T = (f —we) Xi + (ws — Fl)na. 1)

The variablen, in equation (1) represents firi's position in the futures market., > 0 indicates
that firm1 has a long position of; futures contracts and; < 0 indicates that it has a net short
position of|n, | futures contracts. Note thatif; < 0, then firm1 does not have sufficient resources
to honor all of its contractual obligations in statdn this case, firnl defaults and receives a payoff
of zero.

Firm 2's states payoff and firm 1’s state payoff in the event that it chooses to compete in the

spot market, i.e.X; = 0, is given by

IT; = max{, 0},

where

T = (ps — ws)x] + (ws — Fu)ng, 1 € {1,2}, (2)



wherep, represents the spot price in statdf there does not exist a level of spot market production
xf > 0 such that firmi € {1,2} has sufficient resourcep,(?) to honor its obligationsu{;z; +

(F, — ws)n;) in states, then it defaults on all of its contractual obligations in statnd receives

a payoff of zerd"

The futures market is perfectly competitive, i.e., no single trader can influence the futures price.
Financial market participants are assumed to be risk-neutral. A futures exchange initially acts as an
intermediary, matching long and short positions that are requested by financial market participants.
After parties are ‘matched’, the futures exchange guarantees performance on all contracts, i.e.,
financial market participants view that their contract is with the futures exchange. As guarantor the
exchange may limit the number of contracts that a firm buys or sells. In particular, the exchange
will buy and sell contracts from a firm as long as the (equilibrium) expected payoff to the exchange
for the transactions is greater than or equal to zero, the assumed competitive reservation value. A
firm will default on its futures contracts if it does not have sufficienfpostresources to pay off
the contract in some state of the wotld.

For simplicity, it is assumed that the discount rate between dates 1 and 2 is zero. An implication

4The simplest way to think about what happens whén< 0, is that firmi ‘disappears’ and receives a zero
payoff and all contracts written by firmbecome null and void. We could have, alternatively, closed the model by
having the productive and financial assets of the firm auctioned off, where the proceeds of the auction are distributed
to individuals who hold claims on the defaulting firm. The new owner of the firm, i.e., the person who purchased
the productive assets of the firm, now competes at date 2 in the spot market. However, our results pertaining to the
hedging behavior of the firms are, qualitatively speaking, insensitive to the precise specification of the market and
ownership structuren the event of a defaulfThe intuition for this invariance is that, independent of how things are
resolved after a default, the owner of the defaulting firm is out of the market and receives a zero payoff. The fact that
the market continues and other agents are receiving possibly positive payoffs is irrelevant to the defaulting firm. It is
for this reason that we close the model in the (analytically) simplest way.

SIn practice, a futures exchange requires parties to post margin accounts so that it (the exchange) can credibly
guarantee performance on all contracts. If a party is unable to post a sufficient margin, then the party will be unable
to buy or sell the amount of contracts that it ‘desires’, i.e., the party will be quantity constrained. Since we assume
that the firm does not have any outside wealth the firm will be unable to post a margin. The exchange, therefore,
guarantees performance by limiting the number of contracts that it will buy or sell from a firm. In Section 5 we discuss
the implications of requiring firms to post margin accounts.



of the zero discount rate assumption (along with the assumption that financial market participants
are risk-neutral) is thak,, = w, i.e., the futures price equals the expected unit cost.

The timing of events for the our model is as follows. At date 1:

Firms simultaneously offer to take positions and/V, with the futures exchange.

The futures exchange accepts< n; < N; from firm: € {1,2} if N; > 0and0 > n; > N;

from firm i if N; <O0.

Firm 1 offers output contract&; > 0 for delivery at date 2.

The representative consumer purchases al gfcontract pricef is established.
This ends date 1. Before date 2 begins, the state of the wazldlh, [} is revealed. At date 2:

e If X; > 0, firm 1 produces output] < X in states and delivers it to the representative
consumer. Firn® then chooses output level to supply in the spot market in state All

futures contracts are settled.

e If X; = 0, firm 1 and2 simultaneously choose output level$ and z3, respectively, to

supply to the spot market in stateAll futures contracts are settled.

Note that whenX; > 0 and firm1 deliversz§ < X contracts at date 2, then firtreffectively

faces the (residual) inverse demand curve

o s
Ps = @ —ZE2

50ne could model the representative consumer as behaving ‘strategically’, i.e., the representative consumer can
purchase any amount of output contrdetss tharor equal toX; from firm < € {1,2}. The idea here is that represen-
tative consumer will purchase that amount of output contracts which minimizes the expected product price. (It is not
necessarily the case that purchasing alkgfminimizes the expected price of the good.) Modeling the representative
consumer as a strategic agent does not qualitatively alter the main results of this paper, i.e., the reasons for why a firm
may want to hedge remains valid if we allow consumers to act strategically.

9



at date 2, where’ = a — z5. We shall assume that the input price in the high cost state is not ‘too’
high in thata — @ > 2wy,.”

In terms of the information structure, we assume that all market participants can observe the
actions taken by all players and can observe all market outcomes, i.e., information is complete.
There is, however, imperfect information between firmend2 at date 1 when firms make their
futures contract decisions and at date 2 when firms make their output decisions in the event that
X, =0.

The equilibrium concept that will be used is that of a subgame perfect Nash equilibrium (SPE).
A SPE requires that candidate equilibrium strategies are Nash at each and every subgame. Very
loosely speaking, in the description of the timing of the game above, each ‘bullet’ represents a
subgame.

We will proceed by first assuming that firm 1 can only compete by selling forward contracts.
This situation will be referred to as a ‘Stackelberg market structure’ since firm 1 gets to choose its
output level before firm 2 does. We then assume that firm 1 can only compete by producing and
selling in the spot market. This situation will be referred to assarposiCournot market structure’
since firms compete simultaneously after the state of the world is revealed. Firm 1’s equilibrium
behavior can be determined by simply comparing the expected profits that it generates under the
Stackelberg market structure with the expected profits generated unasrpgbstCournot market

structure.

"The intuition behind this inequality will be explained at the time that it is introduced into the analysis, see footnote
9.

10



3 Analysis of a ‘Stackelberg Market Structure’

As is standard, the model can be solved in two stages: the first stage characterizes the equilibrium
behavior of firm 2; the second stage characterizes the equilibrium behavior of firm 1 and identifies
the equilibrium to the game. Before we begin the stage 1 analysis we can present a preliminary

result that deals with firms’ futures positions.

Iffirm ¢ € {1, 2} defaults in one state of the world, then, in equilibrium, its futures contract position

must be zero, i.en; = 0.

This result reflects that fact if firmdefaults in one state of the world, then either the futures
exchange or firm will have entered into a contractual arrangement that has a strictly negative
expected payoff. That is, in the state of the world where fidefaults, the payoff associated with
the futures contract is zero to both parties; in the state of the world wheré fioms not default,
firm ¢ must either make or receive a positive payoff from its futures position. The party who must
make the positive payment in the non-defaulting state can make itself better off by not entering
into the contract in the first place. Note that this result is independent of the assumed structure of

the product market.

3.1 Stage 1: Equilibrium Behavior for Firm 2

Suppose that at date 1, firinhas a futures position,, firm 2 has a futures position,, and at
date 2 firml’s output level isz{ in states. At date 2, firm 2 will select a level of output;, that
maximizes

my = o = (2] + 23)]ws — wes + (ws = Fo)ng, s € {h, 1}

11



If 75 is negative for all values of; > 0, then firm2 defaults in state and its payoff will be zero. If
75 IS non-negative for some valuesof > 0, then firm2's SPE quantity choice is the maximizing
value ofz3, i.e., firm 2's best response function is given by

(a —xf —ws)/2 ifa—a] —ws >0

Ty = , se{hl}. 3)
0 ifa—a2] —ws; <0

In any equilibrium firm 2 never defaultJo see this suppose, to the contrary, that there is an
equilibrium where firm 2 defaults. Result 1 implies that firm 2’s futures position must be zero, i.e.,
ny = 0, meaning that firm 2’s only source of payoff comes from production. But firm 2’s best
response function, (3), implies that it will only produce a positive level of output if its payoff is
greater than zero. Hence, firm 2 does not default, a contradiction.

Since firm2’s best response function, (3), does not depend upon its own futures contract posi-
tion, ny, in equilibrium, firm2’s futures position does nalirectly affect its behavior in the output
market. In determining its own futures and output contract positions, Ifimill use the best re-
sponse function (3) to predict the behavior of fizmSince, in equilibrium, firm 2’s best response
function does not depend upon its own futures contract posiiion,1’s choice of output and fu-
tures contracts will also be independent of firm 2’s futures position. Hence, in equilibrium, firm 2's
futures contract position can nimtdirectly—i.e., via firm 1—affect its own production decision.
Finally, since in any equilibrium firm 2 does not default, any (equilibrium) futures contract position

it takes has a zero expected value. All these observations imply,

In equilibrium, firm 2’s futures market position can not affect its expected payoff: There does not

exist an economic rationale for firm 2 to hedge.
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At one level, this result may appear to be somewhat counterintuitive. In particular, if one inter-
prets a futures contract as being a vehicle for alteexgostunit costs of inputs, then, because best
response functions depend upon unit costs, one should expect that equilibrium quantities would be
affected by the purchase or sale of futures contracts. This intuition is, however, misguided because
a futures contract just provides the firm with a state contingent “cash” payoff and dodisawbly
affect the real resource costs of the inputs. Since firm 2 makes its production dedtsianput
costs are known, it will base its output decision on the actual resource costs that prevail at the time
the production decision is made. As a result, the buying or selling futures contracts prior to the
resolution of uncertainty does not confer aey pos} strategic advantage the firm 2. Henceforth,
we shall assume through out that if futures contracts do not affect; Brimehavior and payoff,
wherei = 1, 2, then firmi will take a zero position in the futures market, i.e;,= 0.

Generally speaking, the above result implies that the existence of limited liability and non-
competitive behavior can ndily themselvegationalize a firm’s use of futures contracts. This is
an interesting observation since the assumption of non-competitive behavior in the output market
is a departure from the Modigliani-Miller world of perfect markets: hence the relaxation of some

‘perfect markets’ assumption may, in equilibrium, still lead to ‘perfect markets’ outcomes.

3.2 Stage 2: Equilibrium Behavior for Firm 1

Firm 1 formulates its futures and forward positions knowing that firm 2 will behave according
to (3) in the output market. We will consider firm 1's optimal choice of forward contra€ts,

assuming first that it never defaults and then assuming that it defaults irhstate

13



3.2.1 No default outcomes

Suppose that firm delivers outputz = X; in s € {1,2}, i.e., it does not default. Given the

behavior by firm2, equation (3), the forward price for delivery of output contracyill be®

a — X1 +w
= —
Hence, firml's expected profit i$,
a—X1+w
(—5— —9)X. @

Given that firm 1 does not default, the optimal number of forward contracts that it affersyill
maximize the expected profit function (4). Denote this number of forward contracfs, a6 N’

for no-default), where

s
|
€

XN (5)

[\]

8In states total output supplied iz — X; —w,)/2+ X1. The expected price of output (which is the forward price
fis

X1 — X1 —
a,(gqu(l,g)u)
2 2
B a— X'+
B 2

%We have assumed that+ @ > 2wy,. This implies that if firm 1 chooses the value®f that maximizes (4and
does not default, then firm 2 will supply strictly positive levels of output in both states of the world. In this situation,
the expected spot price will b@é‘XQﬁ One can interpret + @ > 2wy, as assuming that the unit cost in the high cost
state is not ‘too high’ in the sense that if firm 1 chooses that level of output contracts which maximizes its expected
payoff (assuming that it does not default), then there will still be a strictly positive residual demand for firm 2 in state
h.

14



If firm 1 sells X} forward contracts and does not default, then, given thatfib@haves optimally,
firm 1's expected profitE (11, (X)), is given by

B (xp) = @2

Note that the expressions for output and profit both the ‘leader’ and ‘follower’ correspond to the

‘standard’ Stackelberg formulae for the leader’s and follower’s output and profit.

3.2.2 Default outcomes

Suppose now that firmh defaults in staté.. Hence, it must be the case that= 0. At date 1 the
representative consumer understands that firm 1 will default in Ateecordingly, he will price
the forward contracts consistent with delivery only in staté X, forward contracts are purchased

and firm 1 defaults on delivery in stake then the forward pricef, will be

a— X1+ w

f=p= 5

The firm1’'s expected profit is

a— X1+ w

o( 5

—wy) X. (6)

Let XP", (‘D' for default), be that quantity of forward contracts that maximizes the profit

function (6), i.e.,




Note thatX?" > X{. If firm 1 sells X" forward contracts and defaults in stdtethen its

expected profitF (11, (X)), will be

(@ —w)?

B(L(X[")) = 60—

It is important to note that if firm 1 sell& P" forward contracts it does not imply that it will default
in stateh. For example, iff > w, andn; = 0, then the firm 1 will not default in either state of the
world. DefineXlD"“ = a + w — 2wy, as that critical level of forward contracts such that if firm 1
offers more than‘({jmt forward contracts and if; = 0, then it will default in staté.'° Assuming
that firm 1 defaults in statk, the expected payoff to firm 1 associated with offermﬁ”“ forward

contracts B (I, (X7, is

B (XP™™) = uwn(a + @ — 2wy)

It will be convenient to definé(” = max{ X", XP""} and the expected payoff to firm 1 associ-

ated with offeringX P output contracts a&'(I1, (X7)).

3.3 Equilibrium

The SPE outcomes for the Stackelberg market structure game are determined by simply comparing

the magnitudes of (IT, (X)) and E (11, (X7P)).

10This critical level of output contracts is determined by the equality of the output contract delivery fyrigigh
the unit cost in the high state of the world,, i.e.,
a — X1 =+ w
Wp = ———F—-
2

Earlier, we have assumed that- @ > 2wy,. In the context of the above equation, the assumed inequality implies that
there exists a value of forward contradt;, such that firm 1 defaults in stateand not in staté.

16



Forward contracting without default If E(I1,(XY)) > E(I1,(XP)), then there will exist an

SPE in which firm1 offers X} forward contracts. In addition, iff — w;) < 0, then an SPE

that has firm 1 offering\}" forward contracts caonly be supported if firm 1 purchases futures
contracts. That is, in this situation if firmdoes nothedge its input prices, then its profit will be
strictly less thanE (11, (X?)): hence, hedging is valuable to firmtLIf, however,(f — w;) > 0,

then the unique SPE will be characterized by firm 1 offeryyj forward contracts. But hedging

is not required since the state contingent revenues will always exceed the state contingent total

costs!?

Forward contracting with default  If E(I1;(XP)) > E(I1;(X})), then the unique SPE will be
characterized by firm 1 offering’? forward contracts. Since, in this equilibrium, firm 1 defaults

in the high cost state of the world, it does not purchase or sell any futures cortracts.

We have describe the various equilibria that can arise in the Stackelberg market structure game.
We have not, however, addressed the issue of existence of equilibrium. We defer this discussion to

Section 5, when we characterize the equilibrium to the overall game.

4t can be shown that i2(IT; (X)) > E(I; (X)) andX ¥ > XP thenX; = XN, Ny =ny > 0, Ny =0
andz3 = (a — X{¥ — ws)/2 can be supported as a subgame perfect Nash equilibrium, where

(a —w)(a+ 3w — 4wy)
8(@ —wh)

(a —@)(a+ 3w — 4wp,)
8(wp — @)

< N1 <

2t can be shown thak; = XV, N; = N, = 0, andz§ = (a — XV — w,)/2 can be supported as a subgame
perfelct Nash equilibrium wheB(IT; (X)) > E(I1,(XP)) and XN < XP",

Bt can be shown that if2(I1; (X{)) > E(I; (X)), thenX; = XP, Ny = Ny =0, 25 = (a — X —w;)/2
andz} = (a — wy,)/2 can be supported as a subgame perfect Nash equilibrium.

17



4 Analysis of an ‘Ex post Cournot Market Structure’

In this section we assume that firm 1 does not offer any forward contractsyi.e:,0, and instead
competes with firm 2 in the date 2 spot market. Without loss of generality, we will assume that
neither firm buys or sells futures contraétsThe game boils down to a very simple and familiar
structure: Both firms observe the state of the world and then, at date 2, simultaneously choose their
outputs.

In states, both firms will produce the ‘standard’ Cournot levels of output,

s _ 5 __ (CL B ws)
and profit in state will be
s _ s (CL B wS)Q
Ty =Ty = 9

The level of expected profit for both firms, denoteds”, is simply

(a—w)?

9

(a — wh)2.

0
9

+(1-190)

5 Equilibrium

We now allow firm 1 to choose whether to compete by writing forward contracts with consumers

at date 1 or to compete in the date 2 spot market.

14Recall that in the Stackelberg market structure, there is no strategic value in purchasing futures contracts for the
firm that competes in thex postspot market. This result also applies to the situation where both firms compete in the
ex postspot market.

18



If, in equilibrium, firm 1 chooses to compete by writing forward contracts, i.e., firm 1 chooses
X1 > O atdate 1, then the equilibrium outcomes are those described in Section 3; if, in equilibrium,
firm 1 chooses to compete in tle& postspot market, i.e., firm 1 choosé§ = 0 at date 1, then
the equilibrium outcomes are those described in Section 4. The equilibrium that prevails can be
determined by simply comparing the various expected profits that firm 1 can generate. Depending
upon model parameters, it is possible to have equilibria where: (1) both firms coexgatst (2)
firm 1 competes in forward contracts and defaults in the high cost state; (3) firm 1 purchases futures
contracts, competes in forward contracts and does not default and; (4) firm 1 does not purchase

futures contracts, competes in forward contracts and does not default.

Spot Market competition If ETI¢ > max{E(Il;(X{)), E(I1;(XP"))}, then the unique SPE
to the game has firm 1 (and firm 2) competing in the date 2 spot market. There can not exist an
equilibrium where firm 1 offers forward contracts because firm 1 can increase its expected payoff
by simply offering no forward contracts at dateX, = 0, and competing in the spot market. The
strategies along the equilibrium path a?é; = 0, Ny = N, = 0 andzf = (a —w,)/3fors = 1,2
and:; =1, 2.

This equilibrium can exist for certain model parameters. Note that the conditiéh >
E(I1; (X)), can be rewritten as

(a — @)

9(1 —0)(wh—wl)2 > 3

(7)
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and, assuming that?" > X conditionETI¢ > E(I1, (X)) can be rewritten as

(@ —w)?

(1—0)(a—wy)?*>0 3

(8)

Both of the above inequalities—as well &%’ > X{"*—are satisfied, and hence the equilibrium
exists, for the following parameteré:= .5, w, = 1.5, w; = 0 anda = 2.

Intuitively, when would such an equilibrium prevail? Condition (7) can hold,if— w; and
6(1 — 6) are, relatively speaking, ‘large’. Note that the valugof — #) is maximized at = .5.
Hence, if there is a lot of uncertainty in terms of which state will prevail and the state contingent
unit input costs are substantially different from one another, then firm 1 may prefer to coempete
post It is true that in this equilibrium firm 1 gives up its ‘first-mover’ advantage but by giving
up this first-mover advantage, firm 1 is able to make better (more profitaklppstproduction
decisions by waiting to observe the state of the world. If firm 1 knew for sure what state would
prevail at date 2, it would se{l — w;)/2 forward contracts in state However, since it does not
know what state will prevalil, if it does choose to sell forward contracts, it willgelo) /2, i.e., the
‘average’ of the optimal state contingent levels. But # .5 and the difference between andw,
is ‘large’, then the difference between the ‘optimal’ amount of forward contracts tdselly;)/2
in states, and the actual amount solth — @) /2, will also be large. It, therefore, may be more
profitable to forsake the first-mover advantage to be able to produce output on a state contingent
basis. Condition (8) can hold {f: — wy,) is, relatively speaking, ‘large’. A ‘largela — w;,) means
that it is profitable to produce in the high cost state. If it was not too profitable to produce in the
high cost state, then firm 1 would prefer to essentially ignore the high cost state—that is, it would

default in this state—and offén — w;) /2 forward contracts at date 1.
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Forward contracting with default  If E(I1;(XP?)) > max{ET°, E(I1;(X))}, then the unique
equilibrium outcome has firm 1 competing contractually and defaulting in the high cost state. In
this equilibrium neither firm uses the futures contracts. The strategies along the equilibrium path
are: X, = XP, Ny = Ny =0andzj = (a — 2§ —w,)/2fors=1,2andi = 1,2.

This equilibrium can exist for certain model parameters. AssumingXtat> X, condi-

tion ETI, (X)) > E(I1,(X})), can be rewritten as

0(a —w)® > (a — ) 9)

and conditionE (11, (XP)) > ETI¢ can be rewritten as

(@ —w)?
8

6 > (1—0)(a — wy)? (10)

Both of these inequalities—as well 38" > X¢"“—will be satisfied, and hence the equilibrium
exists, ford = .8, w, = .6,w; = 0anda = 1.

A forward contracting equilibrium with default can occupifs relatively large, see conditions
(9) and (10). A large® means that the high cost state’s contributiorexpectedorofit will be
small. As well, for such an equilibrium to exist, it will also be required tthat wy,) is, relatively
speaking, small, see condition (10). A sm@all— w,) implies thatactual profit in the high cost
state will be low. If both of these conditions hold, then it will be optimal to essentially ignore
(i.e., default in) the high cost state. Hence, firm 1 will sell that amount of forward contracts which

maximizes profit in the low cost stat@, — w;) /2.
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Forward contracting without default: If E(IT;(XY) > max{FEII¢, E(II,(XP))}, then the
unique equilibrium has firm 1 offering{ forward contracts at date 1. If, in additiofy¥ > X",
then this equilibrium can only be supported if firm 1 hedges its input prices. Assuming that

X¢rit, conditionE (11, (X)) > E(I1,(XP)), can be rewritten as

(a —@)? > 0(a —w)? (11)

and conditionE (11, (X¥)) > ETI® can be rewritten as

_— > (1 —9)(wh—wl). (12)

Both of these inequalities—as well &8°" > X —are satisfied fof = .7, w;, = 1, w; = 0 and
a = 3. Note also that for these parameters valxgs > X, which implies that firm Imust
hedge in this equilibrium in order to achieve the payofffl, (X1V)).2°

A forward contracting equilibrium without default can occur if the probability of the good state
occurring is ‘not too large’, see condition (11). Otherwise it would be optimal to sell more forward
contracts and default in the high cost state. As well, the difference between state contingent input
costs can not be too great, see condition (12). The importance of this condition is that while
forward contracting implies that firm 1 produces ‘too little’ in the low cost state and ‘too much’
in the high cost state, the difference between what the leader would ideally like to sell and what it
actually sells is not that great. Here, the first-mover advantage outweighs the benefit of being able

to produce on a state contingent basis.

5The above inequalities are also satisfied for the paraméters7, w;, = 1, w; = .5 anda = 3.5. However, for
these parameters < X", meaning that firm 1 does not have to hedge in this equilibrium.
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Discussion

General Characterization of Equilibria  Generally speaking, there are four possible equilibria

that may arise: (a) firm 1 sells non-defaulting forward contractsrustpurchase futures contracts

to ensure that it does not default on its forward contracts; (b) firm 1 sells non-defaulting forward
contracts and does not need to purchase futures contracts; (c) firm 1 sells forward contracts and
defaults in the high cost state; and (d) firm 1 does not sell any forward contracts but, instead,
competes in thex postspot market. In case (a) firm 1 has a strict incentive to purchase futures
contracts because it can achieve a level of expected profits that is unattainable in the absence of
purchasing futures contracts. In cases (b)-(d), firm 1 and firm 2 have no strict incentive to purchase
futures contracts because, in these cases, purchasing futures contracts does not add any value to
the firm. (In fact, for case (c) if firm 1 purchases sufficient number of futures contracts so it does
not default, the value of the firm will actually fall.) Hence our model predicts that some firms will
hedge their cash flows and others will not. This result is consistent with the observation (Smithson
[1996]) that while a large fraction (65%) of large US non-financial firms used derivatives to manage

risk, there also exists a large number of firms that do not.

Relax Restrictions on Firm 2 We have structured the model so that firm 1 has a choice between
selling its output contractually or selling it in thex postspot market. But we have restricted firm

2 to sell its output only in thex postspot market. To what extent do our results and insights
depend upon this restriction? It turns out that if firm 2 is given the same choice as firm 1, then the
only equilibrium allocations that exist are (qualitatively speaking) those that are described above.

Specifically, the only equilibria that can exist are characterized by one of the following:
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1. one firm sells non-defaulting forward contracts and must purchase futures contracts to ensure

that it does not default while the other firm produces for the spot market,

2. one firm sells non-defaulting forward contracts that does not need to purchase futures con-

tracts while the other firm produces for the spot market,

3. one firm sells forward contracts that it defaults on in the high cost state while the other firm

produces for the spot market, or
4. both firms produce for the spot market.

Perhaps, surprisingly, there dasst exist an equilibrium where both firms compete in forward
contracts. To understand this, suppose that there is an equilibrium where both firms sell forward
contracts at date 1 and, in this equilibrium, neither firm defaults on it forward contract obli§ation
firm 1 sellsX; forward contracts and firm 2 seM, forward contracts. Suppose that firm 2 defects
from proposed play by selling zero forward contracts at date 1: this defection implies that firm
2 will produce for the spot market. Firm 2 will maximize g postpayoff by producinge; =
(a— X1 —w,)/2 units of output in state. Note that it will never be the case thgt = z}. Given that
firm 1 producesX;, if x5 # X, for both states of the world, then firm 2 will be able to increase its
profit in both states of the world by defecting from equilibrium play;jf= X, for one state of the
world, sayh, thenz!, # X, and, hence, by defecting from equilibrium play, firm 2 can increase its
profit in statel while maintaining the same level of profit in stdteTherefore, firm 2 will always
defect from proposed equilibrium play. The intuition behind this result is straightforward: by

defecting from proposed play firm 2 has the flexibility of supplyingéRkeostprofit maximizing

18The no-default assumption is made simply for illustrative purposes. If either one or both firms do default, then the
logic of the argument that follows still applies.
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level of output, given that firm 1 always produc&s. Since theex postprofit maximizing level
of output for firm 2, given that firm 1 produces,, is not constant, defecting from proposed
equilibrium play will unambiguously increase firm 2 expected payoff. Hence, one should interpret

the model restriction that firm 2 can only produce for the spot market as a simplifying assumption.

Margin Accounts In practice, participants in futures markets must post or deposit margin ac-
counts with the futures exchange. Intuitively, the size of an individual's margin account equals the
loss that the individual’s futures position can sustain if prices move against it. Hence, a margin
account protects the futures exchange from defdi¥e have assumed that firms do not have any
outside wealth and, as a result, can not post a margin. Consider the equilibrium where it is optimal
for firm 1 to sell X3, forward contracts but to do softustpurchase futures contracts (because
XN > XP). Suppose now that firm 1 has precisely that amount of outside wealth to cover the
loss that its futures position would incur if input prices turned out to be high. It might appear that
the purchase of futures contracts is redundant since the firm is now able to commit to producing
X in the high cost state by ‘pledging’ its outside wealth. Let's slightly generalize our model and
suppose that the economy is repeated twice, where the states of the world—which will be revealed
between dates 1 and 2 and dates 3 and 4—are independently distributed. In this environment,
futures contracts will continue to have value to firm 1. To see this, suppose that firm 1 does not
purchase futures contracts at date 1—it commits to produ&ifign the high cost state through

its outside wealth—and the state of the world (at date 2) turns out to be the high cost state. At date

3, firm 1 will have no outside wealth since it was needed to produce output at date 2. Now, firm

17)f an individual attempts to ‘default’ on its position, the futures exchange will immediately reverse the position,
i.e., liquidates the position, and any losses that the exchange encurs is taken out of the margin account.
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1 will be unable to commit to producing " at date 4: it has no outside wealth and can not post
the required margin to purchase futures contracts. Suppose instead that firm 1 purchases futures
contracts at date 1, (its outside wealth is placed in a margin account). If, at date 2, the state of the
world turns out to be the high cost state, firm 1's margin account will be credited and firm 1 will
be able to produc&?¥ from the payoff of its futures contract. Most importantly, firm 1's outside
wealth will remain in tact. Hence, firm 1 will be able to commit to produciifj at date 4. If,

at date 2, the state of the world turns out to be the low cost state, firm 1's outside wealth, which
was deposited in a margin account, will be used to pay off its futures contract losses. However, the
profit that firm 1 makes from its production will strictly exceed its (initial) outside wealth. Hence,
firm 1 will have sufficient resources at date 3 to guarantee a production levé]'cét date 4.

In summary, a firm that has sufficient internal resources to guarantee production in either state of
the world may have a strict incentive to purchase futures contracts when margin accounts must be

posted.

6 Conclusions

Suppose that a limitedly liable firm with market power sells its output before all factors that can
affect its profitability are known. By hedging its cash flows, the firm may be able to increase
the set of allocations from which it can choose. In a way, hedging allows the firm to commit to
delivering levels of output it otherwise could not do. In some circumstances, this commitment
turns out to be valuable. In particular, if one of the ‘commitment’ allocations can generate a higher
expected payoff than all of the unhedged allocations, then the firm will find it strictly optimal to

hedge. In other circumstances, this commitment has no value. In fact, it may turn out that all of the
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‘commitment’ allocations result in strictly lower payoffs compared to some unhedged allocations.
In these situations, the firm strictly prefers not to hedge. Hence, we have provided a theory that
is consistent with the stylized fact that while some firms may find it beneficial to hedge their cash

flows, others do not.
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