74,05 CATOLICA
22 LISBON

BYSINESS & ECONOMICS

Strategic Forward Contracting in Vertical Markets

by
Guilherme Fernandes Pedroso
Dissertation submitted in partial fulfillment of the requirements for the degree
of
Master of Science in Economics
at the

Universidade Catélica Portuguesa

Thesis Supervisor: Professor Duarte Brito

August 2018



[Page intentionally left blank]

i



Strategic Forward Contracting in Vertical Markets

Guilherme Fernandes Pedroso
Supervisor: Professor Duarte Brito

September 6, 2018

Abstract

There is a widespread belief that the introduction of forward contracts benefits firms
if they compete in prices and harms them if they compete in quantities. The aim of
this paper is analyze if this idea still holds in a vertical industry and, in order to do so,
we build a model where forward contracts are introduced in a vertical industry where
a manufacturer sells an input to two price setting retailers. We assume that firstly the
input price is decided through bargaining. Then, the retailers decide on the amount of
forward contracts they want to engage in and, finally, they set their prices (or quantities)
in the spot market and the contracts are realized. We show that, under certain conditions,
introducing a round of forward contracting might actually be detrimental to the retailers

when they compete in prices and beneficial when competing in quantities.

Resumo

O consenso na literatura é de que a introducao de contratos futuros ben-
eficia as empresas caso estas concorram em pregos, e as prejudica caso con-
corram em quantidades. O objetivo desta tese é verificar se esta premissa se
mantem numa industria vertical e, para esse efeito, um modelo foi criado onde
os contratos futuros sdo introduzidos numa industria vertical caracterizada
por um produtor que vende um input a dois retalhistas que competem em
precos. Primeiro, assumimos que o preco do input é decidido através de uma
negociacao. Posteriormente, os retalhistas escolhem a quantidade de contratos
futuros que querem assinar e, no final, decidem sobre os pregos (ou quanti-
dades) a praticar no mercado final e os contratos futuros sdo cumpridos. Nés
mostramos que, em certos casos, introduzir uma ronda de contratos futuros
pode ser prejudicial para os retalhistas caso compitam em precos e benéfico

caso concorram em quantidades.
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1 Introduction

For several goods, there exists a spot market, where the goods are traded for immediate
delivery, and a forward market, where contracts are exchanged to deliver the goods in the future
at a pre-determined price. These forward markets are a frequent feature when exchanging
commodities, like electricity. Here, spot trade is managed in the wholesale market, but sellers
and buyers may also sign forward contracts for future delivery of electricity at a certain point
in time for a previously agreed price.

Generally, forward contracts are linked with the desire of a group of agents to hedge against
price risk.! Nevertheless, forward contracts can also be used strategically by firms to get an
advantage over the competition. The study of this issue started with Allaz and Villa (1993),
in which a two-period Cournot duopoly with homogeneous products model was built and firms
could trade in both forward, with publicly observable contracts, and spot markets.? By com-
mitting to sell some units at a pre-determined price, a given producer has an incentive to
produce more units. This happens because the price reduction that is expected to take place
when output increases will not affect all the firm’s sales, as some units have their price already
established by the forward contract. This allows a firm to commit to be more aggressive and
thus expand its best response function outwards, increasing its sales (and decreasing the rivals’)
in the new Nash equilibrium. If both firms introduce forward contracts, however, they both
become more aggressive and will both become worse-off. Therefore, Allaz and Villa (1993) es-
tablish a Prisoner’s Dilemma type of result where, even though engaging in forward contracting
ends up being detrimental for both firms, they have an incentive to do so. Posterior research
developed on this model. Bushnell (2007) extended the previous setting to accommodate a
general number of oligopolists and increasing marginal costs, showing, implicitly, that the
Prisoner’s Dilemma is robust to these changes. On the other hand, Mahenc and Salanié (2004)
built a model based on differentiated Bertrand competition and proved it yielded the opposite
results when compared to Allaz and Villa (1993), i.e., firms would actually benefit from the
introduction of the forward market, taking surplus away from the consumers by committing
to buy: under price competition the Prisoner’s Dilemma vanishes. This happens because firms
buy a given percentage of their own output (i.e., take a long position), leading to higher prices
than in the absence of the forward market. By agreeing to buy forward, firms have an incentive
to increase prices (and thus reduce output) in the spot market as it makes the buying oblig-

ation at a pre-determined price less costly. These forward positions will expand both firms’

'Numerous studies have addressed this particular topic, namely Newbery (1984 and 1987).
2Hughes and Kao (1997) demonstrated the importance of public knowledge for the forward commitment.



upward sloping price best-response functions outwards, creating a competition softening effect
that leads to higher equilibrium prices.

Several other papers have incorporated forward contracts into more dynamic environments.
Marcus Aichele (2014) added a round of investment on top of a round of forward contracting,
whereas Liski and Montero (2006) showed under which conditions forward contracting can
facilitate tacit collusion in an infinite horizon model.

However, there is still a widespread belief that the introduction of forward contracts benefits
firms if they compete in prices and harms them if they compete in quantities. The aim of this
paper is analyze if this idea still holds in a vertical industry. In order to do so, we built a
model where forward contracts are introduced in a vertical industry. In economics, a vertical
relationship is one in which a product or service is supplied from one production activity to
another. Vertical industries are usually characterized by upstream firms, such as manufacturers
or wholesalers, and downstream firms such as retailers. Generally, the upstream firm sells an
input to the downstream firms, who then transform it into the final product and sell it to final
consumers.

In this setting, it may be the case that, even though the retailers compete in prices and
therefore commit to a long position, like it is demonstrated by Mahenc and Salanié (2004),
they can actually lose when engaging in forward contracting because of the response of the
manufacturer. The upstream firm may change the input price (which in our model works like
the marginal cost) as a result of the existence of downstream forward contracting and thus
influence the retailers’ outcome, leading to potential losses. On the other hand, if the retailers
competed in quantities, the opposite result may apply i.e., the manufacturer could apply a
discount to the downstream firms, leading to potential gains.

Our model with forward contracts is characterized by three stages. First, the upstream
firm sells the input to two downstream firms, with the price being settled through bargaining,
which occurs between the manufacturer and each retailer simultaneously. This methodology
to set input prices is very similar to the one used in Dobson and Waterson (2007), who study
the effects of resale price maintenance in a bilateral oligopoly framework. Then, the retailers
face a round of forward contracting where they agree to buy/sell a given amount of output in
the future at a pre-determined price. Finally, the downstream firms transform the input into
output on a one-to-one ratio, forward contracts are realized and firms compete in prices in the
spot market. We also address the case of quantity competition with differentiated products
in an extension. To remove uncertainty /risk and only focus on the strategic effects of forward

contracts, we assume, in line with Allaz and Villa (1993), Antelo and Bru (2002), Mahenc and



Salanié (2004), Bushnell (2007) and Marcus Aichele (2014), that agents have perfect foresight.
We show that, under certain conditions and in specific market structures, introducing a round of
forward contracting might actually be detrimental to the firms when they compete in prices and
beneficial when competing in quantities, contrary to what happens when the vertical dimension
of the industry is not considered. In particular, if the products are differentiated enough and
the bargaining power is not too extreme (either to the retailers or to the manufacturer), there
is a Prisoner’s Dilemma type of result where both firms are worse off by engaging in forward
contracting, despite the fact that firms compete in price. On the other hand, we also prove
that if firms compete in quantities, the opposite result applies, implying that selling forward is
not necessarily detrimental for the firms.

To the best of our knowledge only Antelo and Bru (2002) introduced a vertical industry
where forward subcontracting between downstream firms is possible. Even though it also
focuses in a vertical type of industry, the model substantially varies from the one presented
in this paper. Contrary to ours, products are completely homogeneous, there is one more
powerful firm downstream (and in an extension two) and a more efficient firm producing the
input upstream and input prices are settled through a two-part tariff offered by the efficient
upstream firm. Moreover, forward contracts are signed between the powerful downstream firm
and a fringe of competitive retailers (horizontal subcontracting).

This thesis is organized as follows. Section 2 presents the price competition model and the
corresponding equilibrium and Section 3 presents and interprets the main results, comparing
them to other results in the literature. Section 4 presents the results for the quantity compe-
tition model. Finally, Section 5 summarizes all our findings. Appendix A presents all proofs
and is followed by Appendix B, where a similar model was used, with the only difference being

that the retailers compete in quantities and not in prices.

2 The model

We model the industry as a vertical oligopoly where an upstream firm, the manufacturer
or firm m, sells a given final product to two downstream retailers, firms 1 and 2.> The two
downstream firms sell differentiated products and compete on price. The marginal costs of
the upstream firm are assumed to be constant and normalized to zero and the downstream
firms have no costs other than the payments they make to the upstream firm. We assume

that the upstream firm bargains simultaneously with the two downstream retailers over the

3 Alternatively, one could think of firm m as the producer of an input that is sold to downstream firms that
use it to produce the final goods on a one-to-one basis.



linear transfer price. To be more precise, we use the Nash Bargaining Solution to model
the bargaining stage, in line with Dobson and Waterson (2007). During the bilateral and
simultaneous negotiations, each pair manufacturer/retailer takes the transfer price of the other
retailer as given. Moreover, the disagreement payoff will be the payoff each agent will get if
the negotiation breaks down. In the case of a retailer, this payoft is zero, whereas in case of the
manufacturer the payoff will be the profit he would get from only supplying the final product
(or input) to the other downstream firm, which would in this case become a monopolist. The
result drawn from this problem will represent a Nash equilibrium in Nash bargains, usually
referred to as Nash-in-Nash.

The timing in our game is as follows:

1st) The two retailers and the manufacturer simultaneously bargain over the transfer prices.

2nd) The two retailers simultaneously make their decisions about the forward contracts.

3rd) The two retailers simultaneously set their retail prices.

As in Allaz and Villa (1993), we assume that the forward contracts are observable and
binding. Moreover, in order to only focus on the strategic effects, we also assume that all
agents have perfect foresight i. e., the price in the spot market will be the same as the price
agreed in the forward contracts.

With respect to the demand for the final good we follow Singh and Vives (1984). Let the

representative consumer’s utility be given by:

ol tg) (¢1)? + (2)? B VG192
lﬂ%ﬂﬂ_'ﬁﬂ—v) 26(1—-7)(1+7) BI—-7)(1+7)

where ¢; represents the quantity sold by retailer 7 and «, and v < 1 are three positive
parameters. Parameter v represents the degree of substitution between the two goods, with a
high v meaning that the products are very close substitutes. In the limit case of v — 1 the
representative consumer’s utility depends only on the aggregate quantity q; + ¢, meaning that
the products are perfect substitutes.

The demand for ¢; is then given by:

¢ = o — Bp; + Byp;

or
P = a _ qi —y q;
CoB(—y) B(A-72) TB(1-19?)

Note that for equal prices, quantity demanded increases with o and v and decreases with




In case retailer ¢ becomes a monopolist, we have ¢; = 0 and the corresponding inverse

demand function is given by:

Q qi

P80 —) B~

2)©qﬁﬂﬂw+ﬂ—60—vﬂm-
As for the representative consumer’s surplus, C'S, it is given by:

4+ @G+ 27q1¢
26(1—7)(y+1)

CS=U(q1,02) — p1h — D2g2 =

or, in a symmetric equilibrium, with p;y = ps =pand ¢ = ¢ = ¢ :

?  (a—pB(1—1)°

CSZBO—WY_ B(1—7)

As for welfare, W, given that all production costs are normalized to zero, it is merely given by

the representative consumer’s utility. In a symmetric equilibrium, it is given by:

200 — q

V=10

Welfare is obviously maximized at ¢ = « or p = 0.

2.1 Model without forward contracts

We start by presenting the benchmark case in which there is no forward contracting. The
game is as described above, except that the second stage is eliminated. As usual, we solve this
game by backward induction, i.e., we start solving the model by the end, moving backwards

until we reach the first stage, thus obtaining the Subgame Perfect Nash Equilibrium (SPNE).

2.1.1 Price competition stage

The profit function of retailer ¢ is given by:

II; = (pi — wi)(a — Bpi + Byp;))

where w; is the input price for retailer ¢, determined through bargaining in the first stage. As
we assume that there are no other costs of producing the good and that retailers transform
the input into output in a one-to-one ratio, we can think of w; as the retailers’ marginal cost

of producing good 7. When the price competition stage is reached, we may have a duopoly



(if both negotiations ended successfully) or a monopoly (if one negotiation broke down). The
following Lemma presents the price equilibria for these two cases. The superscript D stands

for duopoly, whereas the superscript M denotes the case of monopoly.

Lemma 1: i) In case of duopoly, in equilibrium, retailer i = 1,2 sets the following price

and quantity:

a(y+2)+ B (2w; + yw;)
BR-7)(v+2)
a(y+2) = Bw; (2 —19%) + Byw;
2-=7(+2)

qiD (wi’wj) =
and firms obtain the corresponding profit:

(a(y+2) = B2 =) wi + fywy)’
(v+2)%(y—2)°8
a (w; + wy) (v +2) — B (wi +w;)* (2= 7%) + 2Bwaw; (Y +1) (2= )
(v+2)(2-7)

HiD(wi? wj) =

Hﬁ(wi, wj) =

ii) In case of monopoly, in equilibrium, retailer i sets the following price and quantity

1(a+ Bw; (1 —19))
2 (1-9)8

Pl () = () = 5 (1) (o~ B (1= )

and firms obtain the corresponding profit:

Y 1 (o — Bw; (1 —7))* (v + 1)
M (ws) 4 (1-78

M (w) = wig (7v+1) (= Bui (1 - )

Under duopoly, retail prices increase with the two retailers’ marginal costs, with each re-
tailer’s price being more sensitive to own cost than to rival’s cost. Given the marginal costs,
retail prices increase with o and v and decrease with f3.

In case of monopoly, a higher a increases the demand intercept, a higher S makes the
demand more sensitive to price and a higher v increases the demand intercept and makes it
less sensitive to price. Thus, for a given marginal cost, retailer :’s monopoly profit increases
with o and v and decreases with 5. Having characterized the price equilibria as a function of

the input prices, we now move to the bargaining stage.



2.1.2 Bargaining stage

In the first stage, transfer prices for the input are decided through bargaining between the
manufacturer and each retailer simultaneously.

The transfer prices will be a result of two separate and simultaneous negotiations. The input
price that results from the negotiation between retailer ¢ and the manufacturer, is assumed to
be:
wi" = argmaz,, [(T17 (i, wy) — 0)" (I (wi, wy) — M (w;)) ]

)

with I = w;q; + w;q; representing the manufacturer’s profit under duopoly and IIY = w;g;
representing the manufacturer’s profit if negotiations with firm ¢ break down and firm j will
become a downstream monopolist. Parameter 6 € [0, 1] represents each retailer’s relative degree
of bargaining power in the negotiation (the higher the 6, the higher the power of the downstream
firm in the negotiation), which may come from different time preferences or different attitudes
towards risk (see Binmore et al., 1986). We assume that the two retailers have the same
degree of bargaining power. The equilibrium is presented in the next proposition, where the

superscript N F' denotes the case of no forward contracting.

Proposition 1: Without forward contracts, in equilibrium the input and output prices of

retailer 1 = 1,2 are, respectively:

WoNF o= @ (1-0)(v+2)

' BA—v(y+1)(2—20y+6v?)

NE g20+7+27 + 0y — 20~* — 093 + O~* —
b B(2—7) (27 +272 2072 — 073 + 671 — >

and firms make the following equilibrium profits:

2 (v —29+9’y+72—972—073+6’74—2)2

mvr o= L

' B (v —2)% (27 + 292 — 2072 — 03 + 074 — 4)°

e _ 20420 -0) (1 =20+ 07+ =07 — 0" + 07" — 2)
" g (7 = 2) (27 + 292 — 2072 — 073 + 074 — 4)?

The input prices can then be used to characterize the other variables in equilibrium. All
the equilibrium values of the remaining variables (quantities, consumer surplus and welfare)
are presented in the proof in the appendix.

Even though it is not the aim of this paper to do so, it is still worth analyzing some effects



in this model, especially how some variables are affected, in equilibrium, by the degree of
bargaining power () and the degree of product substitution (7).
Regarding the equilibrium input price (w;) the following corollary presents how it is affected

by the model parameters.

Corollary 1. Fach symmetric equilibrium transfer price is (i) increasing in the degree of
product substitution, -y, and (1i) decreasing in terms of the retailers’ bargaining strength, 6.
When the retailers have minimum bargaining strength (i.e., 8 = 0), the transfer prices are
a/20 (1 — ). When the retailers have maximum bargaining strength (i.e., 0 = 1), the transfer

prices are zero. |

If the degree of product substitution, v, increases, the manufacturer’s disagreement (monopoly)
payoft increases relatively to its "agreement" profit level. This allows the upstream firm to raise
the input price when bargaining with retailer 1.

A higher retailer’s bargaining strength, 6, puts more weight in maximizing the downstream
firm profit function, which varies negatively with the transfer price, leading to lower input
prices. If we only focus on maximizing the downstream firms’ profit function, the optimal
choice for the symmetric input price is obviously zero as the firms would be strictly worse off
by choosing w; > 0.

Regarding the retailers’ prices (p;), we can state the following:

Corollary 2. In the symmetric equilibrium, the retail prices are (i) increasing in the degree

of product substitution, vy, and (ii) decreasing in the retailer’s bargaining strength, 6. |

When the downstream firms have more power in the negotiation, they are able to set
lower input prices (w; goes down), which act like lower marginal costs in our model. This, in
turn, allows firms to set lower retail prices. On the contrary, when products become closer
substitutes, the upstream firm has an incentive to increase the input prices, leading to higher
marginal costs. This effect, on top of an increase in demand, causes the retailers to increase

their prices.

2.2 Model with forward contracts

In this section, we solve the game including the stage of forward contracting inbetween the

bargaining stage and the final, spot market, stage.



2.2.1 Price competition stage

The demand function is exactly identical to the one before. However, the profit function

for the retailers has changed and is now given by:

IL; = pi(q: — fi) +p{fz‘ —wiq; = (pi — wi)gq; + (pz'f —pi)fi

where f; is the forward position of firm 7 and pzf is the price agreed for these positions. If f; > 0,
the firm commits to sell quantity f; of the product in the spot market at price plf , whereas if
fi < 0 the firm commits to buy f; at that same price from some agent to whom it will sell
at price p;. As in the previous model, we may have a duopoly if the negotiations in the first
stage were successful or a monopoly if negotiations with one of the retailers broke down. The
following Lemma presents the equilibrium retail prices in both cases, as a function of the other

endogenous variables.

Lemma 2: i) In case of duopoly, in equilibrium, retailer i sets the following price and sells

the following quantity:

a(y+2)+ 6 Q2w +yw,;) —2f —vf;
B2=7)(v+2)
a(y+2) = (2 =% (Bw; = fi) + v (Bw; — f;)
2-70+2)

pi(wiy Wy, fi, fj)

Qi(wiawjafiafj) =

i1) In case of monopoly, in equilibrium, retailer i sets the same price as in the model with no

forward contracts. [ |

In the case of duopoly, retail prices decrease with both f; and f;. When setting its retail
price, retailer ¢ faces the following familiar value versus volume trade-off: A lower spot price
increases the volume of sales but the profit per unit sold is lower. A higher (positive) f; means
that a larger number of the units will be sold at the pre-determined forward price and thus,
the lower spot price will impact a smaller number of units. This causes firm i’s optimal retail
price (given firm j’s price) to drop. Naturally, the opposite happens for a negative f;. Retail
price is more sensitive to variations in the amount of forward contracts signed by the firm when
compared to variations in the amount signed by the rival firm (as 2 > «), because the rival
firm’s forward contracts only affect the firm indirectly, through a rival’s lower retail price.

In other words, from the set of FOC with respect to retail prices, we know that

0 [(pz —w;)q; + (p{ - pz)fz] d(pi — wi)gi]
=0 ————
op; Ip;

:fz'



When setting the optimal retail price, retailer ¢ considers two effects. The first one corresponds
to the impact on retail profits of increasing the price: whatever is sold yields a higher profit
per unit but the number of units sold is lower. In the absence of forward contracts, this term
would be equal to zero at the retailer’s optimal price. However, if the firm has committed to
sell f; units at a predetermined price, it will have to "buy" them at the higher spot price, thus
having an additional loss. Therefore, the retailer will have an incentive not to price as high as
in the absence of a positive f;. On the contrary, if f; < 0, it will price higher.

Moreover, retail prices are also increasing in the two input prices, w; and w;, which are the
retailers’ marginal cost of producing the final good. Thus, increasing the marginal cost gives
an incentive for the firm to increase its price. Additionally, because the best responses are
upward sloping, an increase in the rival’s marginal cost increases its price, which also gives an
incentive for the firm to increase its own price.

Finally, retail prices are increasing in « as it translates into a larger demand function, giving

firms more room to increase prices.

2.2.2 Forward Contracting Stage

In the second stage, the forward contracting stage, the firms decide on the amount of
forward contracts they want to engage in. Due to the perfect foresight assumption, p; = plf ,

which simplifies the retailers’ profit functions. The profit of each retailer in this stage is thus:
I (wi, wy, fi, f3) = (pi(wi, wy, fis f3) — wi)gi(wi, wy, fi, f7)

The equilibrium amount of forward contracts is presented in the next Lemma.

Lemma 3: i) In case of duopoly, in equilibrium, retailer i sets the following amount of

forward contracts:

P (BMA=3)wi —By(2— ) wj +a(y? =2y —4))
4="+27)(4 -2y -7

filwi, wy) =
and firms obtain the corresponding profit:

2 (4Bw; — 20y — da — 2Byw; + av? — 367%w; + ByRw;)? (2 — 4?)
(P—2y -4 (2y+12—-4)°B
(a(2y =72 +4) (wi +wy) — B ((4 = 37?) (w} + w?) — 2yww; (2—72))) (2—~?)
(27 =7 +4)(4—2v—9?)

I (wi, wy) =

Hm(wi7 wj) =

it) In case of monopoly, in equilibrium, retailer i chooses not to engage in any forward

10



commitment, i.e., f; = 0. |

In case of duopoly, the amount of forward contracts retailer ¢ will commit to varies positively
with w; and negatively with w;. As seen above, forward contracts affect the retailers’ profits

only through the retail prices.

dll;  9[(pi —wi)q) Opi  O[(pi —wi)qi] Op; _ , Op; o \pOP
a0 am o an o g T wliigg
with
Ip; -2 Jp; —y
opi _ 0 and 2 — 0.
of  BR-nG+2 M T A=+

The first term, which represents the impact of f; on retailer i’s profit if retailer j’s price is
kept constant, has the opposite sign of f; (see FOC in the previous subsection). The second
term, which represents the impact of f; on retailer ¢’s profit that results from changes in p;
(a strategic effect) is negative: more forward contracting by firm ¢ makes firm j price more
aggressively, leading to fewer sales by firm 7. It is also the only term that depends on the two
input prices. A higher w; lowers the second term, whereas a higher w; increases it. In fact,
if w; is higher the profit margin p; — w; decreases (despite the fact that retail prices will also

4 Therefore, the strategic effect becomes weaker as w; increases and, as this effect

increase).
impacts the retailer’s profits negatively, this will lead to higher forward contracts.” A higher
w; leads to higher retail prices for both firms, and therefore a higher retail margin for retailer
. As such, an increase in w; amplifies the negative effect and therefore should lead to less
forward contracting by firm .5

In case of a monopoly, the second effect does not exist and the retailer chooses not to
commit forward as the biggest profit the monopolist can obtain is the monopolist profit. This

goes in line with the results from Anderson and Sundaresan (1984).

As g’}i and % have the same (negative) sign, it is clear that if retailer ¢ is making a profit
(p; — w; > 0) the first-order condition can only be verified with a negative f;.

In fact, the corresponding firm i’s equilibrium price and quantity is given by

—2a (=27 +79" —4) + Pw; (Y +2) (v = 2) (v* = 2) = 2Byw; (v* — 2)

ple) = B+ =@+ = b
alwwy) = (42— 2) 2= -+ fui (=39 - fyuy (2= 77)
1\ Wiy, Wy (2’7—{_’72_4)(_274"}/2—4)
4This follows from % = m <1

’The amount of forward contracts is given by |f;|. Thus, if f; < 0 a higher f;.means fewer forward contracts.
60r a higher amount of forward contracting if f; < 0.

11



As this quantity cannot be negative, we have (« (72 — 2y — 4) 4+ fw; (4 — 37?) — Byw; (2 —7?)) <

0 which implies that the equilibrium f; is negative:

Corollary 3. In a symmetric equilibrium, if v > 0, firms always commit to buy, i.e.,

fi < 0. If v=0, firms choose not to sign any forward contracts, i.e., f; = 0.

This result was expected since when firms compete in prices, they have an incentive to
buy their own production back, as shown by Mahenc and Salanié (2004). Additionally, when
the demand function faced by a retailer is completely independent from the price of the other
retailer (y = 0), each firm basically becomes a monopolist downstream and has no incentive
to sign forward contracts, as showed by Anderson and Sundaresan (1984). As the bargaining
stage precedes the stage in which forward contracts are defined, the transfer price is already set
when firms choose how much forward contracts to sell/buy. Therefore, this result reproduces
others in the literature.

Note also that

O%f; 643~ (1 — 1) (2 —~2
fi _ S5O+ DE=Y) g
Ow; 0y (=27 +72 =47 (27 +1% —4)
0 f; 104~% — 344* +~% — 96

J = 5’72 72 72 ! 5 2<O'
Ow; 0y (=27 +72—4)" (27 +7%2 - 4)

The effect of an increase in the transfer price in the amount of forward contracts is stronger
the less differentiated the products are.
Moreover, (4 —372) > |v(7* = 2)| & (1 —7) (4 + 2y —~+?) > 0 : as expected, equilibrium

forward contracts depend more on the own input price than on the rival’s.

2.2.3 Bargaining stage

Finally, we must solve the first stage of the game, the bargaining problem. As in the previous
model, the disagreement payoff for each retailer will be zero. In addition, the disagreement
payoff for the manufacturer remains the same as, optimally, the other retailer (who becomes a
monopolist) will afterwards choose f; = 0.

Therefore, the optimal transfer prices will be derived from:
w{ = argmaz,, [(IL7 (w;, w;) — 0) (I (wy, wy) — 17 (wy)) 7]

where the superscript F' denotes the existence of the forward contracting stage. The next

proposition presents the solution to this problem.
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Proposition 2: In equilibrium, the input prices and retail prices with forward contracts

WF - @ 1-0)(d-72+29)(2-7%)

' BRA-=72=")A+2y =) +0y2(v+1) (4 =2y —192)

» af(y(y+2) (167 —29° = 67" +9* —4) = 16) =7 (2 =) (327 +129* —49° — 4" +4) +48
b 5 (4=7(y+2) (16 =272 =) (67 +72 =73 +2) + 072 (v + 1) (4 — 7% — 27))

and firms make the following equilibrium profits:

qr — 2= (-0 =)=+ =) +202y +39° -3+ —4)* o?
' 2y +72 =472 -1 (12 =2) (=27 +172 —4) + 072 (y + 1) (27 + 72 — 4))?
F (V=D (=27y+7"=4)(* =2) +20 (27 + 37> = 37° +7° — 4))

T RO IR AR - 0P+ ) 2+ - )2y 2 - 4)

x2 (12 =2)" (0 — 1) (> — 27 — 4) :

(07

B

The next section discusses this result and presents the impact of forward contracting.”

3 Results

Regarding the input (or transfer) price, we can conclude the following:

Corollary 4. In a symmetric equilibrium where v > 0 and 0 € |0; 1], introducing forward
contracts causes the equilibrium transfer price to be higher than in the model without forward

contracts.® |

It is easier to explain this result if one starts by assuming extreme cases such as 6 = 0,
that is, the manufacturer has all the bargaining power in the negotiations and it will set the
transfer price that maximizes its own profit or § = 1, that is, the retailers choose the transfer
price that maximizes their individual profits.

Assume first that 6 = 0. As the manufacturer’s costs are the same with or without forward
contracting, the possibility of different transfer prices follows from the different demand func-

tions that the monopolist manufacturer will consider when choosing w; and w;. The demand

"When comparing the two models (with and without forward contracting), we will always assume that v > 0.
If the products were completely different (i.e., v = 0), firms would become monopolists and thus would choose
not to engage in any forward contracts, making the two models equivalent.

81f @ = 1, there is no change in the transfer price as retailers would always choose the minimum level possible,
i.e., zero. As explained below, the input price also does not change for § = 0.
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function that the monopolist faces from retailer ¢ is given by:

a(y+2)+ B Quw; +yw) —2f; — v fi
B2—=7)(v+2)

5E—) 0+ o
a(y+2)—(2—92) (Bw; — f;) +~ (Bw; — f;)
(2—=7)(v+2)

G = a—p3

where f; and f; can either be zero (no forward contracting) or the negative valued equilibrium
functions of w; and w; derived above.
With 6 = 0, when maximizing its profit 112 = w;q; + w;q; the manufacturer sets w; such

that:
dIl,, (w;, w; dg; dg;

By increasing the transfer price for retailer i by +1 the manufacturer will: i) get an additional

revenue of ¢; from the infra-marginal units purchased by retailer 4, ii) will sell fewer units to

this retailer, losing w; gg_ , and iii) will sell more units to retailer j, getting an additional wj%.

We now need to see how these terms are affected by the existence of forward contracting.
The first term decreases when f; is introduced but increases when f; is introduced (as f;
and f; are both negative). Due to forward contracts, the number of units sold for the same

input price levels changes by:
fi@—=9%) =
2-7(r+2)

Note that for a given, common f; = f; = f < 0 the change in demand is negative and but it

becomes closer to zero as 7 increases.

It is likely that the first term, the direct effect, dominates,” meaning that forward contracts
lower the demand faced by the manufacturer, an effect that, per se, would lead to lower transfer
prices. As retailers commit to a long position, the manufacturer upstream faces a reduction in
its demand, which all else constant would lead to a decrease in price.

The second term can be decomposed in

dg; _ Jq; i Jq; 0f; i Jq; Of;
- ++ A+ -
where the last two additive terms only exist under forward contracting (and the first term is

the same, regardless of the existence of forward contracts). As these two terms are positive,

they make the derivative less negative (a more rigid demand) which leads, all else constant, to

2
9When forward contracts are introduced, ¢; changes by % due to f; and m

(2 — 72) >+, the direct effect always dominates the indirect effect in a symmetric equilibrium.

due to f;. Since
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higher prices: The manufacturer anticipates that a higher transfer price for firm ¢ will increase
its forward contracts (because it is negative this means fewer forward contracts). This makes
firm ¢ relatively more aggressive, leading to lower retail prices and a higher output. At the
same time, a higher transfer price for firm ¢ will decrease the rival’s forward contracts, making
them more negative. This makes firm j less aggressive, making it price higher, and therefore
increasing the output of retailer . Therefore, the demand from retailer ¢ does not decrease as
much after an input price increase as it would in the absence of forward contracts. This effect
(a more rigid demand for each retailer) would lead, per se, to a higher price.

Finally, the last term can be decomposed in

dg; _ 0q;  9q; 0fi | 9q; O
_l’_

Again, the first term is the same, regardless of the existence of forward contracts and the last
two additive terms only exist under forward contracting. Increasing w; increases the demand
by the other retailer, but this effect is now smaller with forward contracts, which would also
lead to a lower transfer price.

If & = 0, these three effects compensate each other and the equilibrium transfer prices are

the same with or without forward contracts. In fact, making 6 = 0 we have that

o 1
Z B2l —v)
What about if § = 17 In this case the optimal w would be the as low as possible, that is,

zero. If each retailer could choose the transfer price to maximize own profit (given the other

retailer’s transfer price):

II; = (pi — wi) (o — Bpi +76p;)

with p; and p; functions of w;, w;, fi(w;, w;) and f;(w;, w;), retailer ¢ would consider the fol-

lowing effects:

with

dp; Ip; 1 Op; Of; i Ip; afj
dp; Op; | Op; Ofi | Op; Of;

dw. 0w, T 0f 0w | 0f, ow
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As f; will be chosen in the next stage to maximize the same function, the effects through f;
are zero:’

and what remains is:

dil, O (dp; | 9p: Of;\ O (Op; | Op,; Of)
dw, 0 " Ipi (8111@' - 9f; dw; " Op; \Ow; i 0f; dwi

When compared to what would happen with forward contracts, the difference is the term:

oL, Op; N Ol Op; | 0f; _ a(v® =2y —4) + Buwi (4 = 39%) — Byw; (2 —~%) 0
Opi 0f; ~ Op; Of; ) Owi By +72=4) (=27 +7% —4) Ow
_ _ + = —

which is positive (recall the condition above for positive quantities). This leads to a larger

dIl;
dw;’

(that is less negative) the relevant derivative in the retailer’s perspective: by increasing
w; the rival will decrease forward contracts (i.e., make them more negative) which makes the
rival less aggressive, thus increasing its price to the benefit of retailer 7.

Note that the SOC for maximum is not verified.!! So, we still have a corner solution:
w; = 0. However, the derivative in the presence of forward contracts is not as negative as in
the absence of forward contracts. When, as result of the bargaining process the two FOC are
weighted to determine the optimal w, this increase in benefits to one of the bargaining parts
of a larger w makes the equilibrium transfer price increase.

Summing up, the existence of forward contracts does not change the optimal transfer
prices in the perspective of the manufacturer or of each retailer. These are, respectively,

1

w; = %mand w; = 0. However, it does change the respective derivatives. In fact, the FOC

for the bargaining problem is given by:

dll;
dwi

Il
(1— e)HDd =

o(Ir? — M

with the second term always negative. As we have seen before, the introduction of forward
contracts makes the first term more positive and the second term less negative, resulting in an
increase in w;. However, the increase is greater for intermediate values of . When 6 is too

extreme (either close to 0 or 1), we only have one of the terms increasing, resulting in a smaller

0Note that we cannot state that %11')1’? = 0 because in the last round of interaction, the profit function that

will be maximized is II; = (p; — w;)q; + (pf —pi)fi and not II; = (p; — w;)q; (in case of forward contracting).

11 2 2 B(4-34%)
4(2-7") (4-377) By 222 (247227 0
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increase in w;.

As a result, the transfer price increases with the existence of forward contracts, because
an increase in the transfer price is not as negative for each retailer as in the absence of such
contracts.

We can also state the following concerning the input price:

Corollary 5. In a symmetric equilibrium where v > 0 and 6 < 1, the increase in the
equilibrium transfer price due to the introduction of forward contracts is higher when (i) v is

high (i) retailers’ relative degree of bargaining strength is not too extreme. |

When 7 increases, firms have an additional incentive to trade forward since the contracts
become more profitable when competition is toughest, as stated by Mahenc and Salanié (2004).
This means that, for the same value of w;, we should expect a higher amount of forward
contracts signed, increasing the two effects previously described.'? Thus, for a given level
of retailers’ bargaining strength, the input price will increase more with the introduction of
forward contracts if v is high.

Part (ii) of this corollary was explained above. When ¢ = 0 or § = 1, the equilibrium
transfer price is the same with or without forward contracts. It is for intermediate values
of bargaining power that the fact that an increase in transfer prices hurts retailers less with
forward contracts is felt and results in a higher transfer price.

Moreover, we can also conclude the following:

Corollary 6. In a symmetric equilibrium, forward contracts are (i) increasing (negatively)
with the degree of substitution between the final products and (ii) increasing (negatively) with

the retailers’ bargaining strength. |

Even though firms have an incentive to buy less of their production back when the input
price increases, the fact that forward contracts become more profitable as « is higher makes
retailers sign a greater amount of forward contracts. Therefore, we reach the same result of
Mahenc and Salanié¢ (2004) regarding the impact of the degree of substitution between the
products on the amount of forward contracts signed, despite having another effect, the increase
in w;, working in the opposite direction. Also, a higher degree of bargaining strength for the
downstream firms translates into a lower marginal costs (lower input prices), giving firms an
additional incentive to buy more of their production back.

In addition, we can write the following regarding the differences in retail prices, consumer

surplus and welfare:

dIl,,

12T.e., the changes in 3 d

> and dg? when forward contracts are introduced.
i

i
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Corollary 7. In a symmetric equilibrium where v > 0 , introducing forward contracts
leads to (i) an increase in the retail price (ii) a decrease in consumer surplus (iii) a decrease

in welfare. [ |

The introduction of forward contracts in a vertical industry yields the same results regarding
the quantity /price, consumer surplus and overall welfare as in Mahenc and Salanié (2004). In
fact, firms commit to a long position, expanding their upward sloping best response functions,
which on top of the increase in the input prices, increases the prices in the retail market. This
action harms consumers and brings down overall welfare.

Finally, we look at the effect of introducing a round of forward contracting in the equilibrium

profit. Regarding the upstream firm’s profit, we can conclude the following;:

Remark 1. In a symmetric equilibrium where v > 0 , introducing forward contracts is
beneficial for the manufacturer if (i) v is large (ii) the degree of retailers’ bargaining strength

18 intermediate. [ |

The difference in the manufacturer’s profit between the two models is given by IT1F — IINF.

Figure 1 presents the difference in the manufacturer’s profit between the two models.

Figure 1: Difference in the manufacturer’s profit with forward contracting and without forward
contracting as a function of v and 6.

which shows the manufacturer is more likely to win with the introduction of forward con-
tracting if v is high and/or 6 is high.

Regarding the downstream firms’ profit, we can state the following;:

Remark 2. In a symmetric equilibrium where v > 0 , introducing forward contracts
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is beneficial for the retailers if (i) ~ is large (ii) the retailers’ degree of bargaining power is

extreme. |

The difference in retailer i’s profit between the two models is given by ITf" — TN, Figure

2 presents the difference in the retailers’ profit between the two models.

Figure 2: Difference in the retailer’s profit with forward contracting and without forward
contracting as a function of v and 6.

Showing that the retailers are more likely to benefit from the introduction of forward con-
tracts if v is high and/or the value of  is somewhat extreme.

Forward contracting has two effects on the retailers and manufacturer profit: for a given
input price, it allows retailers to soften competition, which is profitable for them but leads
to lower sales and lower profits for the manufacturer. However, for intermediate levels of
bargaining power, forward contracting leads to higher input prices, which is not profitable for
the retailers but it is profitable for the manufacturer. When the products are very differentiated,
the retailers’ gains from engaging in a forward commitment do not compensate the losses from
an increase in the transfer price. As seen above, a very extreme degree of bargaining power
(either in favor of the retailers or of the manufacturer), yields a lower increase in the input
price.!® Therefore, the retailers are more likely to find the forward commitment profitable in
this case then when the retailers’ degree of bargaining strength is intermediate and the increase
in the input price is the highest. The opposite applies for the manufacturer.

Finally, we can derive the additional insight:

Corollary 8. When the retailers have maximum bargaining strength (i.e., 6 = 1) and

13See Corollary 5.
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v > 0, introducing forward contracts is (i) always profitable for the retailers (ii) never profitable

for the manufacturer. [ |

This is the expected result from introducing forward agreements in a differentiated Bertrand
competition environment (the one found in Mahenc and Salanié (2004)). The manufacturer
will make zero profits as, when 6 = 1, the retailers will set the input prices to zero in both

models.

4 Extension

In addition to the pricing model, we have derived an identical model in Appendix B, with
the only difference being that the downstream firms compete in quantities instead of prices.
Therefore, as expected, most of the results obtained had the opposite sign. The retailers best
response functions are now downward sloping, meaning that when one increases its quantity,
the best response of the other is to decrease his. So, retail quantities will now increase with
the level of a retailer’s own forward contracts (as prices did), but decrease with the rival’s
forward contracts, which is due to the downward sloping best response functions. In fact, when
the competitor increases its forward contracts, its best response function expands making it
produce more, causing the price to drop and thus giving the other retailer an incentive to
reduce its output. This is the same reason why, even though the relationship between own
input price and the quantity produced is the same as in the pricing model, the impact of the
rival’s input price on the quantity produced by the retailer is now different. An increase in the
rival’s "marginal cost", leads to an inwards shift of the rival’s best response function, causing
its quantity to decrease and thus increasing the spot price, giving the retailer an incentive to
increase its quantity. Nevertheless, as in the price competition case, the direct effect is always
larger than the indirect effect, given the firms engage in the same amount of forward contracts.

This trend of opposite results continues when analyzing the effect of a change in the input
prices on the amount of forward contracts signed. Contrary to the price competition model,
the amount of forward contracts varies negatively with the firm’s input cost and positively
with the rival’s input cost. Now, the impact on the retailer’s profit from its own engagement
in forward contracting that results from changes in the competitor’s quantity (strategic effect)
is positive: more forward contracting by one retailer causes the rival to lower its quantity,
leading to a higher retail price. This effect is weaker when the retailer’s input price increases
as this will lead to a reduction in the quantity produced, diminishing the positive effect of

introducing forward contracts (the higher retail price) and thus leading to a lower amount of
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forward contracts. Conversely, the strategic effect gets stronger when the rival’s input price
increases as it will cause the retailer to produce more, leading to more forward engagement.

Moreover, we reached the expected result regarding the amount of forward contracts in a
quantity competition environment: the retailers will commit to sell, i.e., they will commit to
a short position, following the conclusions from Allaz and Villa (1993). As before, if products
are completely different, the retailers become monopolists and thus have no incentive to sign
any forward commitment (as evidenced by Anderson and Sundaresan (1984)).

Regarding the input prices in a symmetric equilibrium, the results are the same for the very
extreme cases where either the manufacturer or the retailers have all the bargaining power:
introducing forward contracts does not change the optimal input price in the perspective of
the party that has all the bargaining power. However, for intermediate levels of retailer’s
bargaining strength, the input price is always lower when forward contracts are introduced.
The explanation relies on the same principles as before. We assume first that the manufacturer
has all the bargaining power when choosing the input prices. In this case, increasing an input
price will lead to the same three effects as in the price competition case: the manufacturer i)
gets an additional revenue from the quantity sold from the infra-marginal units purchased by
the retailer, ii) sells fewer units to this retailer, and iii) sells more units to the rival retailer.
Nevertheless, introducing forward contracts now affects these terms in the opposite way. Firstly,
the quantity demanded by a given retailer will increase, on one hand, if he signs forward
contracts but it will also decrease, on the other hand, if the competitor signs forward contracts.
As before, the direct effect dominates and thus, from this effect alone, one should see an increase
in the transfer price when the forward contracts are introduced as it becomes more profitable
to do so. Secondly, what forward contracts do is that they make the demand for the input
more elastic. This means that, when they are introduced, increasing the input price for a given
retailer will decrease his demand for the input more but also increase the demand from the
rival retailer more. Thus, this first effect should lead to a reduction in the transfer price, while
the second effect should lead to an increase. When the manufacturer has all the bargaining
power, these three effects cancel each other and the optimal input price in the manufacturer’s
perspective does not change. However, for other values of retailer’s bargaining strength the
benefits of a lower transfer price are higher.

Now, if we assume that the retailers have all the bargaining power, they would want its
"marginal cost" to be as low as possible, i.e., zero. Nevertheless, just like in the previous
case, the magnitude of the derivative changes. In fact, when forward contracts are introduced,

increasing the input price leads to a larger decline in the retailer’s profit: after an increase
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in own input price, the rival would increase its forward contracts, becoming more aggressive,
which brings the price down and hurts the retailer. Therefore, contrary to the first model, this
favors a lower bargained input price.

Moreover, for the same reasons as in the pricing model, this decrease is larger for intermedi-
ate levels of bargaining strength. Additionally, when products become closer substitutes, firms
have an additional incentive to trade forward as the gains from unilaterally signing forward
contracts are higher (even though the firm will eventually lose in equilibrium due to the rival’s
response). This means that, for the same input price, we should expect a higher amount of
forward contracts signed, increasing the two effects previously described. Therefore, for a given
level of retailer’s bargaining strength, the input price will decrease more with the introduction
of forward contracts if the products downstream are closer substitutes.

Also, the amount of forward contracts is increasing in both the degree of substitution and
retailer’s degree of bargaining strength, just like in the first model.!* Additionally, because
firms commit to sell, there is an expansion in their downward slopping best responses outward,
increasing aggregate quantity, which brings prices downs. In turn, this increases consumer
surplus and overall welfare as argued by Allaz and Villa (1993).

Finally, regarding the changes in the manufacturer’s and the retailers’ profits, the quantity
competition model yields opposite results when compared to the price competition model. As
before, forward contracting has two effects on the retailers and manufacturer profit: for a
given input price, retailers compete more fiercely as they commit to sell, bringing down their
profit but increasing the profit for the manufacturer as the demand for the input increases.
Nevertheless, for intermediate levels of bargaining power, forward contracting leads to lower
input prices, which is profitable for the retailers but not profitable for the manufacturer. When
the products are very differentiated, the retailers’ gains from a lower input price compensate
the losses from engaging in a forward commitment. A very extreme degree of bargaining power
(either in favor of the retailers or of the manufacturer), yields a lower decrease in the input
price. Therefore, the retailers are less likely to find the forward commitment profitable in this
circumstance then when the retailers’ degree of bargaining strength is intermediate and the

decrease in the input price is higher. The opposite applies for the manufacturer.

4 Even though an increase in the degree of substitution would cause the input price to increase, which would
lead, everything else constant, to less forward contracts, the effect of the additional gains from unilaterally
signing forward contracts is stronger and thus the retailers end up increasing their forward commitments.
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5 Conclusion

With this paper we hope to have demystified the idea that when firms commit to a long
position (i.e., commit to buy) they always win and that when they commit to a short position
(i.e., commit to sell), they always loose. In fact, we have proved that, in a vertical industry, in-
troducing forward contracts in a certainty environment might lead to losses when firms commit
to buy or profits when firms commit to sell.

This is a rather interesting result as it highlights the danger of analyzing the impact of
forward contracts through the change in firm’s profits. According to previous results in the
literature about Cournot competition and forward contracts, if the profit of the firms goes down
when forward contracts are introduced, then it must be the case they compete in quantities and
welfare goes up. However, in our case, we can have the opposite result. Conversely, we should
not also assume that, just because firms are better off when a round of forward contracting is
introduced, it must be the case that they compete in prices and welfare has gone down. Thus,
the policies around forward contracts should not be decided based on the change in firms profits
but rather if they decide to commit to buy or to commit to sell.

Moreover, the upstream firm should not be completely against or for the introduction of
forward contracts. We have shown that it can benefit from its introduction, whether the
downstream firms compete in quantities or prices. In fact, the manufacturer can profit even
if the retailers also profit. For instance, in the quantity competition case, for a certain set
of values, both the manufacturer and the retailers benefit from the engagement in forward
contracts, showing that introducing forward contracts can benefit everyone. This contrasts
with the results from Allaz and Villa (1993), where even though total welfare goes up, the
retailers lose by committing to sell.

Nevertheless, our model makes many restrictive assumptions that could be developed on.
Firstly, we only allow for two players downstream and we assume linear costs for all the play-
ers. One extension could be the introduction of various players downstream and increasing
marginal costs, like in Bushnell (2007). Finally, we assume there is no uncertainty, which is
obviously not realistic. This assumption is only used to focus exclusively on the strategic as-
pect of the forward contracts. One suggestion for future research could be the introduction
of uncertainty about the spot price when the forward contracts are being negotiated. This,
combined with risk-averse producers, would increase the incentive for the firms to sell forward
in case of Cournot competition, as stated by Allaz and Villa (1993). However, if firms produced
differentiated goods and competed in prices, the incentive of selling their output forward due

to the introduction of uncertainty would be contrary to the usual competition-softening effect
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of taking a long position, as discussed by Mahenc and Salanié (2004).
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Appendix A - Proofs for the price competition models

Proof of Lemma 1:
(i) In case of duopoly, each downstream firms maximizes its own profit by choosing p;. The

first-order condition (FOC) is thus:

d
dp;

(IL) = a — 28p; + pw; + Byp; =0

Solving this system of two equations yields the equilibrium price as a function of w; and

/U]j
o, = Lo+ 2) + 28w + fywy)
' (v+2)(2-7)8

and firms obtain the corresponding profit:

(20 + ay — 2Bw; + Byw; + 672%)2
(v+2)°(y—2)°8
o (wi +w;) (v +2) = B (wi + wy)* (2= 7%) + 2Bwiw; (y+ 1) (2— )
(v+2)(2-7)

Hi:

IT,, =

(ii) If the negotiations between the upstream firm and one of the downstream firms break
down, the manufacturer only sells the input to the other retailer. Thus, retailer ¢ becomes a

monopolist in the second stage of the game, facing the following demand:

' =a(y+1) =61 -7")p
The retailer will maximize its own profit, I[TM, by choosing p;. The first order condition
(FOC) is thus:

d
dp;

(IL) = (v + 1) (o — 2Bp; + Bw; + 2Bvp; — Byw;) =0

which yields the equilibrium price:

lea“‘ﬁwi(l_/?/)
T8

and quantity:

1
g = 3 (a = Bw; + Byw;) (v + 1)

This quantity will be the demand the manufacturer will face if the negotiations between the

manufacturer and retailer j break down. Therefore, we can write the profit of the manufacturer
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in case of disagreement as:

1
MY = wq; = 5 (a = Bw; + Syw;) (v + 1) w;

Proof of Proposition 1:

The transfer prices will be a result of two separate and simultaneous negotiations:
w; = argmaz,, [(I17 — 0)?(IIL — )]

Solving the system of equations looking for the symmetric equilibrium (w; = wj), yields
the equilibrium input prices:'®
o (1-0)(y+2)
Bd—=7(y+1)(2-20y+67?))

Ww; =

and firms make the following equilibrium profits:

(v =20+ 0y +12 — 072 — 07° + 071 — 2)° o?

(274272 =207 — 03 + 074 —4)° (y—2)° 8

2(—7 =7 +2-0(v -+ -2)1 -0 (y+2)
(27 +29% — 2072 — 03 + 074 — 4)* B (2 — 7)

I, =

I, =

Also, in equilibrium, retail prices, quantities, consumer surplus and welfare will be given

by:

_— (20 + v + 0y + 292 — 2072 — 03 + 04* — 6)
' (2092 — 292 =2y + 073 — Oy  + 4) (v —2) 8
(v =20 +0y+~2 =072 — 073 + 0y — 2)

LT R e — 0+ ) (- 2)

o5 — a_2 (7—26’+07+72—«972—9734-074—2)2
B (274292 — 2072 — 093 + 074 —4)* (v — 2)° (1 — 7)

oo YOO = =542 =)+ (T—4y) (1 =) (7 +2))
B 2y 4212 =202 — 08 + 0y —4)* (2— ) (1 — )
X(v+2) 1= +02-7+7+7" =)

Proof of Corollary 1:

> There is another possible solution for the system of equations where w; = ﬁ However, this solution is

not relevant for the discussion as it argues that the manufacturer chooses the maximum the consumers would
be willing to pay for the final goods, causing the demand to be zero. Therefore, this solution will be dismissed.
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Follows from

ow, _ a  (y+2)(2-9)(2-7+77) 0
00 B (27 + 292 — 2072 — 093 + 044 — 4)°
ow; g(l_m8(v+1)(1—97)+72(697+3972+2) -0
2l B (27 4 292 — 2072 — 073 + Oy — 4)°
Also, substituting § = 1 into w; = @ +2V2(_72’;3%(f;;§f_974_ e yields w; = 0 and substituting
—0: _ (v+2)(6—-1)a : _ __«
0 =0 into w; = (QHQVQ7”29727973+97474)5 yields w; = g758—.
Proof of Corollary 2:
Follows from
Opi _ « (v+22-9)2-7+7") ~0

90 B(2—=7) (27 + 272 — 2072 — 63 + 7% — 4)°

As for the degree of product substitution we have

dp; . Op; Op; Ow; n Ip; awj
dy Oy Ow; 0y Ow; Oy
~ Op;s 2 ow; y ow;

BRI L IR R i

) a(y+2)2+8 (4w +4ywi+v2w;
because 2 — ( 5 - )
2l B(2—7)" (v+2)

aa“’i>0and%>0.
Y Y

> 0,

Proof of Lemma 2:

(i) In case of duopoly, each downstream firms maximizes its own profit by choosing p;. The

first order condition (FOC) is thus:

d
dp;

(IL) = o — f; = 2Bpi + Pw; + fyp; =0

Solving this system of two equations yields the equilibrium price as a function of w;, w;, f;

and f; :

(a(y+2) —2fi —vf; + 2Pw; + Byw,)
(v+2)(2-7)8

Di =

27



and firms obtain the corresponding profit:

C_ (atay —28u+ fywy + Byw)’ | Rfitvf) (F2a(0 4D+ 2fi+9f)) |, g
h P RED § 2P0 2 et
+@mﬁ@—7%—JMS—&ﬁ+vﬂﬁw—2v@ﬁ+vbﬁ%

(v+2)% (v —2)°
a(wi+w]~)(7+2)—ﬁ(wi+wj)2(2—72)+25wiw]~(7+1)(2—7)+
(v+2)(2-7)

+ﬂ0w@—v) yw;) + fi (w; (2 = 2*) = yw;)
2—7)(y+2

(ii) In case negotiations break down, retailer i becomes a monopolist facing the following

The retailer will maximize its own profit, IIM, by choosing p;. The first order condition (FOC)

demand?®:

is thus:
d

dp;

(IL) = o+ ay — fi — 28p; + Bwi + 267°pi — By w; = 0
which yields the equilibrium price:

(fi — ay — o — Bw; + By w;)

w_ 1
2 Y+1)(y-1)8

b =

In the previous stage of the game, the retailer chooses the optimal amount of forward
contracts to engage in. Due to the perfect foresight assumption (i.e., pzf = p;), the monopolist

will maximize a simplified profit function:

in order to f;. The FOC will then be:

d 1

g =30+)7 0 -7 =0

which yields:
fi=0

16This also serves as a proof for the second part of Lemma 3
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Therefore, the price the monopolist will choose will be:

pM _ 1(57“&' — Bw; _a)
Y2 (y=D1pB

and the corresponding quantity is:

@ = 3 (o= Bui+ Bywi) (7 +1)

Therefore, we can write the profit of the manufacturer in case of disagreement as:

1
I = wig; = 5 (o = Bwi + Bywi) (v + 1) w;

which is identical to the one found in the no forward contract case.

Proof of Lemma 3:

(i) Retailer ¢ will maximize its profit by choosing f;. The FOC will then be:

d (8f; + 2av* + ay® — 42 f; — V3 f; — 2872w, + By3w; + Bytw;)

= (y+2)°(v=2)°8 "

Solving this system of two equations yields the equilibrium amount of forward output each

firm will commit:

(48w; — 2ay — 4a — 2Bvyw; + ay? — 3872 w; + By w;) +?

fi= 2+ -4 -27-4)

and firms obtain the corresponding profit:

(v — 2) (4Bw; — 2ay — 4o — 2Bvyw; + ay? — 3By w; + 673wj)2

(P =2y =4 (27 +12 - 48
(a(2y =% +4) (wi +wy) — B ((4 = 392) (w? +w?) — 2yww; (2—97))) (2—?)
(2y—=7>+4)(4 -2y —19?)

mo= (-2

Proof of Corollary 3:
See proof of Corollary 6.

Proof of Proposition 2:
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The transfer prices will be a result of two separate and simultaneous negotiations:
w; = argmaz,, (117 — 0)?(112 — H%)l_e}

Solving the system of equations looking for the symmetric equilibrium (w; = wj), yields
the equilibrium input prices:'”
o @ (1-0)(4-7+27)(2—9%)
CBRI-@2-) @2y =) F 0 (r+1) (4 -2y —9?))

and firms make the following equilibrium profits:

no— 227 =)EC=) 2+ =9+ 202 +377 = 39° +9° — )" o?
@22 (27 ) 0P (v 1) (27 + 92— 4))

U= @=r 2724 ) (e gy g

2(y* —2)°
_— +20 (27 + 372 — 3793 ++° — 4) o?

2(1-1)C2=72) (29 +72 -4 +02(+1) (27 +12—4)* (27 +12—4) 8

Also, in equilibrium, retail prices, quantities, forward contracts will be given by:

(=) 647y =) 2y =+ +0(r(y+2) (167 —29* = 69" +1* —4) - 16)) a
CA=-72=")(=27v+7*=4) -0 (v+1)d-2y=7) 2y +?—-4) B
(== (=27 +7* =4 +2027 +37* = 37y* +79° —4)) (2 —1?)
A=7)2=")(=27+72=4) -0 (v+1) (4 =27 =17%)) (4 -2y —?)
;- (47 — 80 + 40y + 1072 — 493 — 3y + 75 + 60~ — 60~° + 20~° — 8) 7
' CA-7C2=-)(=27y+72-4) - 02 (v+ 1) (4—2y—72) 2y +1> —4)

Di

q; =

o
Finally, equilibrium consumer surplus and welfare amount to:

o5 — (1= =) (=2 +P =) +20 (7 +37* = 37" +7° —4))°
21=7) Q2= (-2y+12 -4+ 02 (v+1) (27 + 72— 4))*
(-2’ Lo
2v+2—4°(1-y) B
woo (=)= [@+27-7")+20(4 =27 =37 +37° — ")) (2—77)
2A-7 2= (-2y+72 -4+ 02 (v+1) (2y+12—4))°
20 (4 + 2692 — 8% — 2374 + 5% + 575 — 8) +

(I—=9)2=7")14-8y=3)(4+2y -7 o2
X w

27 +72—4)° (1—7) B

17 As before, there is another possible solution for the system of equations where w; = ﬁ For the same
reasons mentioned above, this solution will be dismissed.
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Proof of Corollary 4:
NF

The difference in the equilibrium input prices between the two models, w!” — wNt" is, after

dividing by § (1 —6), given by:

0y (v +1) (8 — 1292 + 373 + 491 — +P)

A=29y(vy+ 1) +02(v+1)(2-7) (16 =2y (2 =) 6y +72 =¥ +2) + 2 (v + 1) (4 — v (v +2)))

We now show that both the numerator and the two factors in the denominator are positive.

1942 3 4 .5
i) A 26120 UMELE ) (97 + 1672 — 5y — 24) < 0, the term (8 — 1292 + 37% + 4y — 49)

decreases with . Evaluating it at v = 1 we obtain —12%x14+3*%x1+4%x1—-148=2> 0. So,

the numerator is always positive.
ii) As 4 —2vy(y+ 1) > 0 the first factor in the denominator is also positive.
iii) As for the second factor, a sufficient condition for it to be positive is that 16 —

27 (2 — ) (6 +72 —~* +2) > 0. This is true because

9(16 — 2y (2 —7) (6 +79° —7* +2))

5 = —2(4(1=7) (6y+37y*+1) +59*) <0

and, evaluated at v =11t isequal to 16 —2(2—-1)(6+1—1+2) =0.

Proof of Corollary 5:

(i) The increase in the transfer price is maximized at:

8(wf—wZNF) 0

00

from where one obtains

ey 2(1=7)(y+2)(4+2y=9%) —r(y)
f (7)_2(1_7>72(7+1)(247+472—973+374—24)

with

r() =V +2)2-7+72) (4 =32 (4 -2y =12 +7%) (27 -2 +4).

The other root is negative. Figure 3 represents §* as a function of 7. As can be seen we

have 0" < %
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Figure 3: 6* as a function of

Deriving w/ — wN" with respect to v yields:

25672 — 167> — 1767 + 367°+

0"
42+5 — 5y7 — 848 ++% — 128

(y+1)2+
80y + 40v% — 523 — 18+v*+
119° + 2878 — 477 — 678 ++° — 96
512y — 51292 — 1024~3 + 608~ + 888~° — 38816
—38297 + 11478 + 677 — 17910 — 34! + 412 + 256

Oy x | 207°(v—2) (y+ 1)+

4(1—7) x

(27 4+ 292 — 2072 — 0743 + 04 — 4)® (8 + 2072 — 873 — 694 + 295 — 4672 — 2043 + 3044 + 075 — 16)°

At 0 = 0 the derivative of the term in brackets in the numerator (which is a parabola in )

is
293 (2= 7) (v +1)* (96 — 77 + 69° + 477 — 289% — 117° + 184" + 529% — 407* — 807) > 0
At 0 = 1, the numerator is equal to:

1024y — 409672 — 16647° + 6656~ + 2247° — 52007 + 1064~7+
21767 — 8029 — 586710 + 241! + 128+'2 — 38713 — 1814 4 3415 + 1024

>0
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At 6 = 0, the numerator is equal to:

512y — 512792 — 1024~3 + 608~* + 888~5 — 388~5+

41—~y
—38297 + 11478 + 679 — 17919 — 3411 + 412 1 256

So, it is always positive.

Proof of Corollary 3 and 6:

The amount of forward contracts in equilibrium is

fi=ay? 2027 +37* =30 +9° —4) + 7 (y = 2) (-6y —7*+9°—2) -8
Z (4=2y-7)(16-272-7) 67+ =7 +2)+0* (v + ) (E =7 (v +2)))

In the proof of Corollary 4 we established that the denominator is positive. The numerator
is always negative because it is linear in 6 and:

i) For 6 = 0 we have

Y(r=2) (=67 =" +7°~2) -8 =
1=y —2(l=y)(r+1)(4—=2v—9*) < 0

which is always true.

ii) For 6§ = 1 we have

2(27+377—4-3+")+7(v—-2) (-6y -7+ —2) -8 =

—(4-3)(4=7(v+2)+7*) < 0

which is also always true.

As for the impact of 6 on the amount of forward contracting:

of _ —o? (1= @+ -7 (-7 +2)+7) (4 =3*) 2 -1
00 (4—v(y+2) (27 (v —2) (=67 =12 +73—2) + 072 (y+1) (27 + 7% — 4) — 16)*

Finally, the impact of ~ is given by:

[ 6243 (27 + 72 — 4) (127 + 3072 — 29° — 2694 — 495 + 5+6 — 8) + |
291 — 40910 + 2549 + 3188 — 278~y7 — 800~5+
960~° + 512v* — 1344~3 + 5122 + 640y — 512

2 2 2
af L —20@-7) (-1 (-2 (=2v+9*—4) |
Oy (27472 —4)> (8742072 —873 —674 1275 — 4072 — 2073+ 3074 1075 —16)°
200y
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The sign depends only on the sign of the numerator, which is a parabola in # such that:

At 0 = 0 the numerator takes value
—2(4 =7 (=1’ (" =2)" (-2y++"—4)" <0
At 0 = 1 the numerator takes value
— (A=) (37 =4 (-2 =+ +4) <0
The derivative in 6 at § = 0 is
(29" — 409" + 25+” + 3187° — 27877 — 800~° + 960+° + 5127 — 1344~° + 512+° + 640 — 512)

which is always negative.

Proof of Corollary 7:
(i) The difference in the equilibrium retail prices (divided by §) between the two models is

given by:
s~ (MO + 92(7)8 + g3(7)
(2=7) 4 —7(v+2)) 94(7)g5(7)

i —p =7

() 1= +2)(r+1)(221-7 2= BY+2)+1°) + 77" (1—-7)) >0
(7) : = (=167 — 8897 + 247® + 267* — 117" + 77° — 3% + 7 + 64)
(7)) ¢ =2(0+2)(2-7) @+2y -1 -9*>0
(7) A=2y(y+ 1)+ (v+1)(2-7)) >0
() + =(16—-2v2-7) (6v+7* =7 +2)+ 0 (v+1) (4—2y—7*)) >0

The denominator is clearly positive. The numerator is an inverted parabola in 6 so, the

minimum is either at § =0 or 0 =1. At 6 =0 :

(M) =2(7+2)(2-7") (4+27y-7) 1 -9)?*>0

At =1:

(N + 52+ =2-7+7)2-7)(4-3*) 4-7(vy+2)++°) >0
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Therefore the retail price always increases with forward contracts.
(ii) and (iii): The results for consumer surplus and welfare follow from the fact that both

decrease with retail price in a symmetric equilibrium.

Proof of Corollary 8:
(i) When the retailers have maximum bargaining strength (i.e., # = 1), the difference

between the retailers’ profit in the two models is given by:

IF — [INF — (4-37)7" o
7 7 2 2
v+ -4 (v-2)

which is always positive as «, § and ~ are all positive parameters below one.
(ii) When the retailers have maximum bargaining strength (i.e., # = 1), the difference

between the manufacturer’s profit in the two models is given by:

e —m* =0

since in both cases the input prices are set to zero.
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Appendix B - Quantity competition

In this appendix we derive the solution for an identical model as the one before, with the only
difference being the fact that the retailers compete in quantities (Cournot with differentiated
products) instead of prices. All the other assumptions are kept the same. However, we will not
derive as many propositions and corollaries as before since our main goal from introducing this
model is to focus on the variation of the firms’ profits. The timing in this alternative game is
as follows:

1st) The two retailers and the manufacturer simultaneously bargain over the transfer prices.

2nd) The two retailers simultaneously make their decisions about the forward contracts.

3rd) The two retailers simultaneously set their quantities.

As before, we solve the game by backward induction, looking for the SPNE. We assume the
same utility function as in the price competition model. Therefore, the demand will be given

by:
o _ i —y q;
B(l—=v) B—=pBy¥? BB
In case retailer ¢ becomes a monopolist, the corresponding inverse demand function is given

by:

Di =

o « . qi
P= 80—y B=58y

where ¢; represents the quantity sold by retailer ¢ and «, f and v < 1 are three positive para-

meters with the same meaning as before. Consumer surplus and welfare have the expressions

presented in the main text.

Model without forward contracts

As in the price model, when there is no forward contracting, the second round of the game

is eliminated.

Quantity competition stage

The profit function of retailer ¢ is given by:

IL; = (pi — wi)gi

with w; having the same meaning as in the previous model. When the quantity competition
stage is reached, we may have a duopoly (if both negotiations ended successfully) or a monopoly

(if one negotiation broke down). The equilibrium is as follows:
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i) In case of duopoly, each downstream firms maximizes its own profit by choosing ¢;. The

first order condition (FOC) is thus:

d a+ oy = 2¢; — vq; — Bwi + By w;

dg; ) = (Y+1)(1—7)8 =0

Solving this system of two equations yields the equilibrium quantities as a function of w; and

’LUjZ

(a(2=79) =B =7 Cw —yw;)) (y +1)
(v+2)(2-7)

q; =

and firms obtain the corresponding profit:

o _ (@@= =B —7) Qui — yuwy))* (v +1)
Z (1= B0 +2)°(y-2)°

ii) In case of monopoly, in equilibrium, retailer i sets exactly the same price/quantity as in

the price competition model.

Bargaining stage

The first stage will work in the exact same way as before. Thus, transfer prices will be a

result of two separate and simultaneous negotiations:
Wi = Argma,, [(H? —0)(m? — H%)l_e}

with 12 = w;q; + w;q; and 6 € [0, 1].

Solving the system of equations looking for the symmetric equilibrium (w; = w,), yields

the equilibrium input prices'®:

_11—9a

YT o145

and firms make the following equilibrium profits:

_— 1(0+1)*(y+1)e?
YAl (v+2)° 8

q - Le+n(-0(+1)a
" 2 (1-mH+2 8

In addition, in equilibrium, retail prices, quantities, consumer surplus and welfare will be given

8

18 As in the previous model, there is another possible solution for the system of equations where w; = =Tk

For the same reasons mentioned before, this solution will be dismissed.
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1B+ -0(y+t1))a
BT T a0+ B
1@+ (vt

e 2 (v+2)

(0+1)° (v +1)° 0’

1
4(1-9)(v+2)? B

1 T+37-0(y+1a’
R N (S TR T

cS =

Regarding the equilibrium input prices (w;), we can derive the same conclusions as in the
price competition model:

Corollary 9. Fach symmetric equilibrium transfer price is (i) increasing in the degree of
substitution of the retailers (ii) decreasing in terms of retailer’s bargaining strength. When the
retailers have maximum bargaining strength (i.e., 0 = 1), the transfer prices are zero.

Proof:

Finally, we can state the following regarding the equilibrium retail quantities (g;):
Corollary 10. In the symmetric equilibrium, the retail quantities are (i) increasing in -y

(ii) increasing in the retailer’s bargaining strength.

Proof:

AN d 1 (6+)

(i) 45 (@) = 327 > Y

.. Do

(i) (q:) = 35 >0 n

As in the pricing model, when the downstream firms have more power in the negotiation,
they are able to set lower input prices, which allows firms to set a higher quantity. Conversely,
when ~ increases, the upstream firm has an incentive to increase the input prices, leading to
higher marginal costs. This effect alone should lead to a decrease in quantity. However, an
increase in 7 leads to an increase in demand, giving the retailers an incentive to produce more.

This effect is stronger than the increase in w; and thus ¢; increases.
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Model with forward contracts

In this section, we solve the game including the stage of forward contracting inbetween the

bargaining stage and the final, spot, stage.

Quantity competition stage

Due to the introduction of forward contracts, the profit function for the retailers is now
given by:
IL; = pi(qi — fi) +pszi —wigi = (pi — wi)q; + (P{ —pi)fi

where f; and pzf still have the same meaning as in the price competition model. Moreover,
we may have a duopoly if the negotiations in the first stage were successful or a monopoly if
negotiations broke down.

(i) In case of duopoly, each downstream firms maximizes its own profit by choosing ¢;. The

first order condition (FOC) is thus:

d (o + oy + fi — 2¢i — vq; — Bwi + fr*w;)

dg; ) = (v+1)(1-7)p =0

Solving this system of two equations yields the equilibrium quantity and price as a function of
w;, wj, f; and f;:
a(y+1)@2—)+2fi—vfi—B0—7)(y+1) Cw; — ywy)
4 — 2
a(y+1)2-N—-fi=7") =i + 801 —7) (1 +1) (2 —7*) wi +yw)

gi(wi, wy, fi, f3) =

pl v Jo ) = FL-NE-NG+2(+1)

ii) In case of monopoly, in equilibrium, retailer 7 sets the same quantity as in the model
with no forward contracts.

In the case of duopoly, the retail quantity increases with f; but decreases with f;. By
increasing f;, firm i is either committing to sell more of its output in the future (if f; > 0) or
committing to buy less of its own production in the spot market (if f; < 0). Either way, this
gives an incentive for the firm to increase its output ¢; as it reduces the price of good, making
the provision of f; less costly. In reality, we can think of an increase in the amount of forward
contracts as a parallel expansion outwards of firm ¢ best response function. Conversely, when
f; increases, firm j best response function expands making it produce more, causing the price
to drop and thus giving firm ¢ an incentive to reduce its equilibrium output. As in the price

competition case, the effect of f; is always larger (2 > ), since the effect from the competitor
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is only indirect.

The set of FOC with respect to retail quantities is:

0 |(pi = wia: + (o] — pi)fi]
dg;

Ip; Ip;
=0<p —w; i — i =0
pi— +a%q aQif

When setting the optimal quantity, retailer ¢ has to take into consideration three effects.

Firstly, he will realize the unit margin p; — w; on the additional sales. Secondly, the price of

gzj ¢;- Finally, the third effect comes

infra-marginal sales decreases, with an impact on profit of
from the introduction of forward contracts. This effect is positive if the firm commits to sell
(f; > 0) or negative if the firm commits to buy (f; < 0). As in the previous model, if the
firm has committed to sell f; units at a predetermined price, it will have to "buy" them at the
higher spot price, thus having a loss. Therefore, the retailer will have an incentive to increase
the quantity produced in order to lower the spot price.

Additionally, retail quantities are increasing in « as it translates into a larger demand
function, giving firms an incentive to sell more. Finally, retail quantities are decreasing in w; and
increasing in w;, which are the retailers’ marginal cost of producing the final good. Increasing
the marginal cost of the own retailer causes its best response function to shift inwards, reducing
the quantity produced. On the other hand, an increase in the rival’s marginal cost, leads to
an inwards shift of the rival’s best response function, causing its quantity to decrease and thus

increasing the spot price, giving the retailer an incentive to increase its quantity.

Forward contracting stage

In this stage, firms choose the amount of forward contracts. As in the price competition

model, we assume agents have perfect foresight. The profit of each retailer in this stage is thus:

IL; = (pi — wi)gi

which will be a function of f;, f;, w; and w;. Once more, this stage may involve a duopoly or
a monopoly.

(i) In case of a duopoly, each retailer i will maximize its profit by choosing f;. The FOC
will then be:

i(l’[) C8fi— 2072 — ay® + ayt — 42 fi + 3 + 2872w — ByPw; — 287 w; + By w;
i (V2 (=2 (r+ D (-1 B

=0

Solving this system of two equations yields the equilibrium amount of forward output each firm
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will commit to:

a(d=2y=9%) =B =) (w; (2—=7)(y+2) = 2ywy)
(4+2y=7*)(4 -2y -9

fi=7 (v +1)
and firms obtain the corresponding profit:

2y +1)(2—72) (4 -2y — %) = B(1—7) (w; (2 =) (7 + 2) — 27w;))”
Bl=) (=27 +72 = 4)* (27 +12 — 4)°
a (4 =2y —7%) (w; +wy) + B (1 —7) (Hywaw; — (2 —7) (v +2) (w? + w?))
(=27 +7? -4 (v +1* -4

I, =

(ii) In case of a monopoly, retailer i chooses not to engage in any forward commitment, i.e.,
fi = 0. So, the optimal quantity and corresponding profit are identical to those in the previous
models.

In case of duopoly, the amount of forward contracts retailer ¢ will commit to varies negatively
with w; and positively with w;. The FOC is given by:

dll; _ 0[(pi —wi)a] 9g; | O[(pi — wi)a] 9g;

= 4 7
df; 0¢; 3fz‘ 3%‘ 8fz

Op; 0q; s y 7 Jq;
dq; Of; B— By 0f;

= fi =0
The first term, which represents the impact of f; on retailer ¢’s profit if retailer j’s quantity is
kept constant has the opposite sign of f;. The second term, which represents the impact of f;
on retailer i’s profit that results from changes in ¢; (a strategic effect) is positive. A higher w;
lowers the second term whereas a higher w; increases it. As we saw before, a higher w; leads to
a reduction in the quantity produced ¢;. Thus, the strategic effect becomes weaker and, as this
effect impacts the firm’s profit positively, it will lead to less forward contracts. On the other
hand, an increase in w; causes ¢; to increase (as previously shown). This, in turn, amplifies
the strategic effect leading to an increase in the amount of forward contracts.

Also, we know the last term of the FOC is positive because — 5= ﬁ —1— <0, ¢; > 0 and q’ - <0
(as it is shown before). Therefore, in order for this condition to hold, it must be the case that
the first term is negative. This only happens if f; > 0 sincez dp £ < (0 and d‘h > 0. Therefore, we

can state the following:

Corollary 11. In a symmetric equilibrium, if v > 0, firms always commit to sell, i.e.,

fi > 0. If v=0, firms choose not to sign any forward contracts, i.e., f; = 0. |

This is the expected result when firms compete in quantities and are allowed to sign forward
contracts, following the conclusions from Allaz and Villa (1993). If v = 0, the retailers become

monopolists and thus have no incentive to sign any forward commitment (as evidenced by
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Anderson and Sundaresan (1984)).

Also, as in the previous model, the amount of forward contracts f; is more sensitive to
changes in w; compared to changes in w; since |(y + 2) (y — 2)| > 2v.1°

In case of a monopoly, we reach exactly the same solution as in the price competition model.
The second effect does not exist and the retailer chooses not to commit forward as the biggest

profit the monopolist can obtain is the monopolist profit.

Bargaining stage

The optimal transfer prices will be given by the solution to the following problem:
Wi = AT gMmat,, [H? —0)%(11? — H%)k@]

with IT2 = w;q; + w;q; and 6 € [0, 1].
Solving the system of equations looking for the symmetric equilibrium (w; = wj), yields

the equilibrium input prices:?"

2(1-0) (4 —2y -9 o
(1—=7)(16 =8y =472 +60+2(2y — 12 +4)) 3

and firms make the following equilibrium profits:

w; =

2(2 — 72) (47 — 80 + 40~ + 272 — 2072 — 2093 + 094 — 8)* (v + 1) o2
(1=7) (87 + 492 — 4072 — 2003 + 674 — 16)* (12— 2y — 4> §
I - 8(4y =80 +40y +29° = 209> =20 + ' = 8) (v + 1) (4 =2y =) (1 - 0) ®
" (72 — 2y — 4) (8 + 472 — 4672 — 2073 + 64 — 16)* (1 — ) B

I, =

In addition, in equilibrium, retail prices, quantities, forward contracts will be given by:

427+ =) (7 +7*=3) +0(=87+207" +87y> =67 = 29" +1° — 16))

b (4072 — 472 — 87+ 207 — 071 + 16) (4 — 2 + 27) (1 — ) 5
o 2 (4y — 80 + 40y + 292 — 2092 — 2093 + O4* — 8) (v + 1)

’ (8y + 492 — 4042 — 20~3 + Ov* — 16) (4 — 42 + 27)
f (4y — 86 + 40y + 2% — 2072 — 2073 + O04* — 8) (v + 1) 2

(4042 — 4% — 8y + 203 — Ov* 4+ 16) (72 — 2y — 4)

1 2)(v=2)(y—1)7> 1)(v—1)By*
" Note that diwl(fl) = (7?419;12)5’;(72)_(’2)’7_2& - and ﬁ(fz) - (_2) (2757,;3§;Y(72)f3;7_4)-
20 A5 in the previous model, there is another possible solution for the system of equations where w; = ﬁ

For the same reasons mentioned before, this solution will be dismissed.
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Finally, consumer surplus and welfare are:

2
— 804442724407 —20~+2—207°+07*—8
(2 (v+ 1)1

o5 — 27112 —4) (871472 — 4672267516, _16) a_2
(1=7) B
2(v+1)(4y + 292+ 0 (4y — 29% — 293 + 42 — 8) — 8) y
(4427 —42) (8y + 492 — 402 — 204> + O0* — 16) (1 — )
(2+ 2(7—1—1)(47%—272—1—«9(47—272—273—|—74—8)—8)) o’
(=27 +72—4)(8y+ 492 — 16+ 042 (—27 + 2 — 4))
Results

Regarding the input (or transfer) price, we can conclude the following:

Corollary 12. In a symmetric equilibrium where v > 0 and 0 € ]0; 1], introducing forward
contracts causes the equilibrium transfer price to always be lower than in the model without

forward contracts.?! [ |

Proof: The difference in the equilibrium input prices between the two models is given by:

wF—wNF:—l (1-0)0(4—7"+27)7 <
B 24(4=2y =)+ 0?4 =7 +27))(1=7)
which is negative. n

As in the price competition model, we will explain this result by assuming extreme cases,
such as # =0 and 0 = 1.

The demand function that the monopolist upstream firm faces from retailer ¢ is given by:

q:a(7+1)(2—7)+2fi—7fj—6(1—7)(7+1)(2w¢—7wj)
(2 4_72

where f; and f; can either be zero (no forward contracting) or the equilibrium functions of w;
and w; derived above.
With # = 0, when maximizing its profit II2 = w;q; + w;q; the manufacturer sets w; such

that:
dIIm X ] d i dq;
—(w wj) = (q; —I— w; —q + w qj O

The effects when w; increases are the same as under price competition. Nevertheless, they
will now change differently when forward contracts are introduced.

Contrary to the first model, the first term increases when f; is introduced but decreases

21Tf = 1, there is no change in the transfer price as retailers would always choose the minimum level possible,
i.e., zero.
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when f; is introduced, since f; and f; are both positive. Due to forward contracts, the number

of units sold for the same transfer price levels changes by:

2f; —’ij
2-7)(v+2)

1

—— > (0 and becomes
v+2

Note that for a given, common f; = f; = f the change in demand is
closer to zero as -y increases.

In the first term, the direct effect dominates,??> meaning that forward contracts increase the
demand faced by the manufacturer, an effect that, per se, would lead to an increase in the
transfer prices. As retailers commit to a short position, the upstream manufacturer sees an

increase in the demand for the input, which all else constant would lead to an increase in price.

The second term, as before, can be decomposed in:

dg; _ dq; | 0q; 0fi | 0q; Of;
- ++ = -+

where the last two additive terms only exist under forward contracting. As these two terms
are negative, they make the derivative more negative (a more elastic demand) which leads,
all else constant, to lower prices: the manufacturer anticipates that a higher transfer price for
firm ¢ will decrease its forward contracts. This makes firm ¢ relatively less aggressive, setting a
lower output. Also, a higher transfer price for firm 7 will increase the rival’s forward contracts.
This makes firm j more aggressive, setting a higher output, and therefore lowering the output
of retailer 7. Therefore, the demand from retailer ¢ will decrease more after a transfer price
increase when forward contracts are introduced. This effect would lead, ceteris paribus, to a
lower input price.

Finally, the last term can be decomposed in
dg; _ 0q;  9q; 0fi | 9q; O
+ _ _

++ +

Increasing w; increases the demand by the other retailer, and with forward contracts this effect
is bigger. Therefore, everything else constant, we should expect a higher transfer price.
As in the price competition model, when # = 0, the three effects compensate each other

and the equilibrium transfer prices do not change with the introduction of forward contracts.

22As f; > 0 and f; > 0, when forward contracts are intoduced, ¢; changes by WZ(“/H) due to f; and

WM due to f;. Since 2 > v, the direct effect always dominates the indirect effect in a symmetric
equilibrium.
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Making # = 0 we have that:

, (-1t 4)a

(8y + 42 — 4072 — 203 + 0* — 16) (v — 1) B
1@—-1)a o 1
2(y-1)8  B2(1—-7)

If 0 = 1, the optimal w would be, as before, the lowest possible, that is, zero. If each retailer

could choose the transfer price to maximize own profit (given the other retailer’s transfer price):

- 4di 4;

Ni=Ga— " 5-57 557 @

with ¢; and ¢; functions of w;, w;, fi(w;, w;) and f;(w;, w;), it would consider the following

effects:
dw; e 0q¢; dw;  0q; dw;
with
dg; _ dq; I dq; Of; n dq; 8fj
dg; _ Op;  9¢; 0fi | 0q; 0f;

As f; will be chosen in the next stage to maximize the same function, the effects through f;

are zero:
dq; Of; Ow; an Ofi Ow; B
and what remains is:
dwi - 8(]Z 8w, 8fj awz 8qj 8wz af] 8wz

When compared to what would happen with forward contracts, the difference is the term:

9q; 0f;  9q; Of; | Ow;
+ — — + +

which is negative. Thus, contrary to the first model, this leads to a lower optimal w; in the
retailer’s perspective: by increasing w; the rival would increase its forward contracts, becoming

more aggressive, bringing the price down and hurting retailer 7.
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Again, the SOC for maximum is not verified,?® leading to a corner solution: w; = 0. Now,
the derivative is more negative than in the absence of forward contracts. When, as result of
the bargaining process the two FOC are weighted to determine the optimal w, this increase
in benefits to one of the bargaining parts of a lower w makes the equilibrium transfer price
decrease.

Summing up, the existence of forward contracts does not change the optimal transfer prices
in the perspective of the manufacturer or of each retailer. These are, as in the price competition

1

model, w; = %mand w; = 0. Nevertheless, it does change the respective derivatives. The

FOC for the bargaining problem is given by:

dll;
dwi

Il
(1— e)HDd =

o(Ir? — M
P O~ T

m
with the second term always negative. The introduction of forward contracts lowers the first
term and makes the second term more negative, resulting in a decrease in w;. In this case, the
decrease is greater for intermediate values of . When 0 is too extreme (either close to 0 or 1),
we only have one of the terms decreasing, resulting in a smaller decrease in w;.

Therefore, we can conclude that the transfer price decreases with the existence of forward
contracts, because now an increase in the transfer price affects each retailer more negatively
when compared to when there was no forward contracts.

We can also state the following concerning the input price:

Corollary 13. In a symmetric equilibrium where v > 0 and 6 < 1, the decrease in the
equilibrium transfer price due to the introduction of forward contracts is higher when (i) 7 is

high (i) retailers’ relative degree of bargaining strength is not too extreme. |

Proof:
(i) Deriving w! — wMN*¥" with respect to v yields:
dwl —wlF) 128 —49* (<167 + 292 +9° +40) + 07 (27 +7* — 4)°

- 1-0)0
dy 2 (87 + 472 — 4072 — 203 4 G4 — 16)2 (1 _ 7)2 ( ) Y

o

B

The denominator is clearly positive. The numerator is also positive because

max 49% (=167 + 29* 4+ 7* 4 40) = 108 < 128
’y€ El

Therefore, we can conclude the sign of the derivative is negative, meaning the difference

(142°(1=2)*(+*—2) +1) (v-1)8

23
4 (12=27=4)*(27+12-4)*

>0
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gets more negative as 7y increases.

(ii) Deriving w!” — w]N*" in order to 0 yields:

p NF):_(4(27+72—4)(29—1)+92 V(=27 +92 —4) 24 72+ 27) 42

do 2 (8y + 472 — 4072 — 2073 + 0v* — 16)° (1 — ) p

The sign of this derivative depends on the sign of (4 (2y + 7% — 4) (20 — 1) 4 6°4* (—2y + 7% — 4))
which is an inverted parabola in 6 which takes value 4(4 — 2y —+?) > 0 at # = 0 and
2 (7 +2)(A—2y+2) <0at 0= 1. n

Part (ii) of this corollary was explained above. When 6 = 0 or § = 1, the equilibrium transfer
price is the same with or without forward contracts. It is for intermediate values of bargaining
power that the fact that an increase in transfer prices hurts retailers more with forward contracts
is felt and results in a lower transfer price. When v increases, firms have an additional incentive
to trade forward as the gains from unilaterally signing forward contracts are higher (even though
the firm will eventually loose due to the rival’s response). This means that, for the same value
of w;, we should expect a higher amount of forward contracts signed, increasing the two effects
previously described. Therefore, for a given level of retailer’s bargaining strength, the input
price will decrease more with the introduction of forward contracts if ~ is high.

Moreover, we can also conclude the following:

Corollary 14. In a symmetric equilibrium, forward contracts are (i) increasing with ~ (ii)

increasing with the retailers’ bargaining strength. |
Proof:

(i) Deriving f; in order to ~y yields:

Yo (a92 + b0 + c)
(=27 + 72 — 4)% (87 + 492 — 4072 — 2073 + 44 — 16)°

d
d—,y(fi) =
The sign depends of this derivative is equal to the sign of a6? + bf + ¢ with:

=7 (2v =7 +4) (8y + 607 4+ 209* — 129* — 67° ++° — 16)
b=107* (2 — ) + 228" + 327° (5v + 4) (8 — 7v)
+2567 (1 —7) (L+ v+ +7*+9*) + 512y (1 —7) +1024 > 0
c=8(8+ 14y +472 = %) (2y+72 —4)* > 0

At # = 0 we have that af? + b0 + ¢ = ¢ > 0. Moreover, the derivative of af? + b + ¢
with respect to 6, 2a6 + b is, at € = 0, equal to b > 0. Finally, at 6 = 1 we have that
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af? + b0 + ¢ = (147 +492 =3 +8) (v — 2> (7 +2)* (=2y +~2+4)* > 0. Thus, for any
0 € [0,1], ab® 4 bf + c is positive.
(ii) Deriving f; in order to 6 yields:

do . _272-70+2)(v+1) (@ -2y )4 -2y +7%)
(4427 = 72) (87 + 492 + 072 (—27y + 7% — 4) — 16)°

which is positive. |

Part (i) is partially explained above. However, in addition to that effect, a higher ~ causes
the input price to increase, which would lead, all else constant, to lower forward contracts.?*
Nevertheless, the first effect dominates and firms end up engaging in more forward contracts.
Moreover, as in the price competition model, a higher degree of bargaining strength for the
downstream firms translates into lower marginal costs (lower input prices), which for the same
reasons as mentioned above, leads to an increase in the amount of forward contracts.

Additionally, we can write the following regarding the introduction of forward contracts in

our vertical arrangement?’:

Proposition 4. In a symmetric equilibrium where v > 0 , introducing forward contracts
leads to (i) a decrease in the retail price (ii) an increase in consumer surplus (iii) an increase

in welfare. [ |

Proof:

(i) The difference in the equilibrium retail quantities between the two models is given by:

02 (=27 +72 —4)° +0 (7  — 8y —32) +4(2y + 72 — 4)
2(v+2) (4427 —7?) (16 =8y —47? + 07> (4 + 27 — 7))

g — ¢ =—-ay(y+1)

where ¢/ is the retail quantity in the model with forward contracts and ¢M* is the retail
quantity in the model without forward contracts. The numerator is a U-shaped parabola that
takes value 4 (2y+79? —4) < 0 when § = 0 and —2(2 — ) (y+2) (4 — 2y ++?) < 0 when
0 = 1. Thus, it is always negative, meaning that ¢/ — ¢ > 0. (ii) and (iii) follow directly
from the fact that C'S increases with quantity, as well as welfare (provided that ¢ < «, which
is the case). [ |

These results are the exact opposite from those of the price competition model. As firms

24Remember that, even though f; decreases with w; and increases with wj, the direct effect is always bigger
than the strategic effect, as proven before.

25 As before, when comparing the two models, we will always assume that v > 0. If the products were
completely different (i.e., v = 0), firms would choose not to engage in any forward contracts, making the two
models equivalent and thus not worth comparing.
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commit to sell, they expand their downward slopping best responses outward, increasing aggre-
gate quantity, which brings prices downs. In turn, this increases consumer surplus and overall
welfare as argued by Allaz and Villa (1993).

In what concerns the upstream firm’s profit, we can conclude the following;:

Remark 3. In a symmetric equilibrium where v > 0 , introducing forward contracts
is beneficial for the manufacturer if (i) products are differentiated enough (ii) the degree of
retatlers’ bargaining strength is low enough. |

The difference in the manufacturer’s profit between the two models is presented inFigure
5, which shows that the manufacturer is more likely to win with the introduction of forward

contracting if vy is low and/or 6 is low.

Figure 4: Difference in the manufacturer’s profit with forward contracting and without forward
contracting as a function of v and 6 (quantity competition).

Finally, regarding the retailers’ profit we can conclude the following;:

Remark 4. In a symmetric equilibrium where v > 0 , introducing forward contracts is
beneficial for the retailers if (i) products are differentiated enough (ii) the retailers’ degree of

bargaining power is not too extreme. |

The difference in the retailers’ profit between the two models is presented in Figure 5 which
shows that the retailers are more likely to benefit from the introduction of forward contracts
if v is low and/or the value of 6 is intermediate.

As in the pricing model, forward contracting has two effects on the retailers and manufac-
turer profit: for a given input price, retailers compete more fiercely as they commit to sell,

bringing down their profit but increasing the profit for the manufacturer as the demand for the
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Figure 5: Difference in the retailer’s profit with forward contracting and without forward
contracting as a function of v and 6 (quantity competition).

input increases. Nevertheless, for intermediate levels of bargaining power, forward contracting
leads to lower input prices, which is profitable for the retailers but not profitable for the man-
ufacturer. When the products are very differentiated, the retailers’ gains from a lower transfer
price compensate the losses from engaging in a forward commitment. As seen above, a very ex-
treme degree of bargaining power (either in favor of the retailers or of the manufacturer), yields
a lower decrease in the input price.? Therefore, the retailers are less likely to find the forward
commitment profitable in this case then when the retailers’ degree of bargaining strength is
intermediate and the decrease in the input price is the highest. The opposite applies for the
manufacturer.

Finally, we can derive the additional insight:

Corollary 14. When the retailers have maximum bargaining strength (i.e., 6 = 1) and

v > 0, introducing forward contracts is (i) never profitable for the retailers (ii) never profitable

for the manufacturer. [ |
Proof:
(i) When the retailers have maximum bargaining strength (i.e., # = 1), the difference

between the retailers’ profit in the two models is given by:

(v +1) By +4)7°a?
(=27 =4 (v +2)*(1-7) 3

I — ave = —

which is always negative as «, [ and v are all positive parameters below one, leading the

26See Corollary 13.
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numerator to be positive but the denominator to be negative.
(ii) When the retailers have maximum bargaining strength (i.e., § = 1), the difference
between the manufacturer’s profit in the two models is given by ITf, — TINF = 0 since, in both

cases, the input prices are set to zero. [ |

This is the expected result from introducing forward agreements in a Cournot competition
environment (the one found in Allaz and Villa (1993)). The manufacturer will make zero profits

as, when 6 = 1, the retailers will set the input prices to zero in both models.
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