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1 Introduction

Natural gas market has becoming increasingly important as its worldwide consumption
has risen significantly since IEA’s record in early 1970s (IEA, 2010), because natural gas
has considerably lower carbon dioxide emission than coal and oil, and therefore is more
conducive to environmental protection. This market usually displays regional character-
istics over a given period of time due to transportation like pipelines and geographical
constraints. Currently, the global natural gas market can be roughly divided into three
major regional markets: North American, European, and Asian markets. In the current
paper we focus our analysis on the European Union (EU) market. In this market, there
are three major natural gas suppliers: Russian Gazprom, Norwegian Statoil, and Algerian
Sonatrach. Unlike other markets, this market exhibits some unusual complex geopolitical
features along with oligopolistic behaviour. The EU gas market is currently dominated by
the three players and will remain so for many years to come and its import is expected to
expand to the level of 70% in 2030 (Lise and Hobbs, 2008).

As it is well recognised in the literature, in contrast to other players in the market which
compete purely for commercial interest, Russia and its state monopolist Gazprom are not
only pursuing profit but also seeking market power, presumably in the hope that this will
enhance Russia’s economic and geopolitical influence on Europe;® see e.g., Stern (2006),
Paillard (2007), Finon and Locatelli (2008), Bilgin (2009), Boon von Ochssée (2010), Gold-
man (2010), Pirani et al. (2010), Smeenk (2010), Yegorov and Wirl (2011), and Jansen
et al. (2012). Russia is presently the biggest natural gas provider to the EU, accounting
for more than 40 percentage of EU’s natural gas import. Although unconventional gas
development may potentially affect the current natural gas suppliers, uncertainty about
such development is high (McGlade et al., 2013) and the EU will still depend on Russia’s
gas for a long period of time.

Due to imperfect competition, natural gas markets are typically formulated as Cournot,
Bertrand or Stackelberg models (see e.g., Hobbs et al., 2000; Pang and Sun, 2008) in which

the goal or objective of every commercial enterprise (i.e., player) is to maximise its profit,

5The current Ukraine crisis has made the issue even more outstanding and also more urgent for policy

makers on European energy security.



nothing else. In the current paper we propose a new Cournot model for the European Union
natural gas market that can reflect Gazprom’s other strategic interest besides profit against
two traditional profit maximisers: Norwegian Statoil and Algerian Sonatrach. Formally, to
capture Russia’s comprehensive strategic goal, we incorporate a relative market share into
Gazprom’s objective function besides profit. We demonstrate that when Gazprom pursues
the control of market share along with profit, it will be good news for the EU’s consumers
but bad news for its rivals, as Gazprom’s behaviour pushes total output up and brings
prices down. Our analysis further shows that by seeking a proper market share, Gazprom
can achieve the same profit of a Stackelberg leader in a simultaneous move oligopoly model
as in the classical sequential move leader-follower oligopoly model, and that no matter
how Gazprom might manoeuvre its influence on the market, its profit can never exceed
that of the Stackelberg leader. This provides a useful complement to the standard theory
of industrial organisation (see Tirole, 1988; Belleflamme and Peitz, 2010) that a firm can
attain the profit of a Stackelberg leader only in a sequential move environment where this
firm makes its decision before all other firms (i.e., followers). Our result reconfirms what
Jansen et al. (2012, p. 283) have observed: “The corresponding profits for Russia appear
to be the profits of a Stackelberg leader in a classical leader-follower model.”

Our paper is most closely related to and was inspired by Jansen et al. (2012). In a
striking analysis, Jansen et al. introduce a modified Cournot model that elegantly takes
Russia’s geopolitical motive into account by using the standard market share together
with profits as Gazprom’s objective. Their use of standard market share complicates
their analysis, because this involves a highly nonlinear equation which is difficult to solve.
Consequently, it has tended to make their analysis less transparent and obscure a good
understanding of the substance. Our new approach makes their model more applicable®,
simplifying their analysis and enriching their insights. In another related article, Chyong
and Hobbs (2014) study a strategic Eurasian natural gas market model in which Russia
as producer exports its natural gas through transit countries Ukraine and Belarus to other
European states. They explore economic and strategic implications for European energy

security regarding Russian Gazprom’s investment in the South Stream pipeline project

In our analysis Jansen et al.’s condition (d) of Proposition 1, p. 282, is not needed and thus dropped.



under several scenarios. Their model is quite different from Jansen et al. (2012) and
ours. We also refer to Boucher and Smeers (1985, 1987) for an early related study on the
European natural gas market.

The rest of this short paper goes as follows. Section 2 briefly reviews a classical Cournot
oligopoly model which will be used to compare with the new model. Section 3 introduces
the new model and presents the main results. Section 4 provides a comparative statics

analysis. Section 5 explores some policy implications and concludes the paper.

2 Material and Methods: The Conventional Model

Following Jansen et al. (2012), we formulate the EU natural gas market as a Cournot
model, as this market is dominated by homogeneous bulk goods. Russian Gazprom, Nor-
wegian Statoil, and Algerian Sonatrach are the major gas suppliers, i.e., players. For ease
of exposition, the subscripts i = 1, 2, 3 are used to represent Russia, Norway, and Algeria,
respectively. Assume that marginal costs ¢; are positive constants, and the inverse market

demand function is given as

p(Q) = a—bQ, (1)

where () = ¢1 + ¢ + ¢3 and a, b > 0. Here a is the maximum price that any consumer
is willing to pay, and b reflects the price elasticity. Production outputs ¢;, i = 1, 2, 3,
represent respectively the decision variables for Russia, Norway, and Algeria. The objective
functions of three players are I1;(q1,q2,93) = (p — ¢i)qi, i = 1,2,3, with the marginal
production costs satisfying ¢; > ¢o > ¢3. Given the outputs of its opponents, each player ¢
tries to maximise its profit

max II; = (p—ci)gi = [a—blg + g2 + g3) — cilgi- (2)

Assume that the condition of interior solution is satisfied, i.e., a —3¢; +co+c3 > 0.7 By the

first order condition, we obtain the equilibrium output ¢f for each player 7, total output

"Notice that @ — 3¢y + o + ¢35 > 0 implies @ — 3co +¢1 + ¢35 > 0 and @ — 3c3 +¢1 + 2 > 0.



Q°¢, and equilibrium price p¢:8

c 1 ¢ 1 < 1

q; = E(a —3c1+ et c3), g5 = E(a+61 —3co+c3), ¢5 = 4—b(a+cl + ¢z —3c3), (3)
c 1 ¢ 1

Q@ :4—b(3a—01_02_c3)a and p :1(0,—}-61-1—024'03)- (4)

In equilibrium, each player’s profit II{ and the consumer surplus C'S¢ are

c 1 c
Iy = 1_%(@ —3e1 4 ¢+ ¢3)” = b(qf), (5)
I = <0t e — 8es + ) = b(g§)? )
> 16b 2
c 1 c
H3 = 1—6()(61 +c1+co— 303)2 = b(q3)2, (7)
CSCIE(BG/_Cl_CQ_C?,)Q. (8)

Let 1I° = II + 1I§ + 1I denote the total profits of all the suppliers and W¢ = II¢ + C'S°
the social welfare. So far we have analysed the classical case in which all three players are
profit maximisers. Our focus, however, will be the situation where Russia gas company
Gazprom is not merely a profit maximiser.

We should point out that throughout the paper without loss of generality we concentrate
on the model with three players, which is a fairly realistic description of the current EU
gas market (Jansen et al. 2012, p. 281). The analysis can be easily extended to any finite

number of players.”

3 Results: The New Model

In the previous section we briefly reviewed the traditional Cournot model where profit
maximization is the sole objective of every gas supplier. As discussed in Section 1, this

traditional modelling does not capture the complex nature of the oligopoly competition

8In order to compare with the following modified version of Cournot competition where a nonprofit
objective is involved, the superscript c is used here to represent the equilibrium solution of the traditional

Cournot competition where all players use merely profit maximization as their objectives.
9We refer to Hobbs, Metzler, and Pang (2000), Pang and Sun (2006) for extensive studies on general

Cournot-Nash equilibrium models.



in the EU natural gas market. This is because the Russia government through Gazprom
seeks not only profits but also other strategic interests beyond profits. There are various
nonprofit strategic interests or objectives (e.g., political influence and economic influence).
Economic power is very often used as an effective means to achieve a political influence.
For instance, economic sanction is a tool frequently used in the international politics. In
general, economic power and political power are intertwined. Market power is one of the
most fundamental devices to measure economic influence. Market share is a prominent
index that is used to reflect the power and influence of a company on a market (Scherer
and Ross 1990, Jansen et al. 2012). The higher market share a company possesses, the
greater influence the company has on the market. In the following we adopt the market
share to reflect Russia’s nonprofit strategic objective.

We now reformulate the EU natural gas market into a more natural Cournot model
where Algerian Sonatrach and Norwegian Statoil act as usual as (pure) profit maximisers
but Russian Gazprom maximises both profits and its market share, which hopefully will
improve its market power and hence its geopolitical influence. Formally we can write the

decision problem of every player respectively as follows:

q1 q1
I +wG =la—blq1 +q2+q3) — +wG ) 9
H}I?X[ 1 +w (q2 - qg)] la—=b(g1+q2+q3) — a1l +w (q2 - qg) 9)
mqu Iy = [a — b(g1 + @2 + q3) — 2]qe, (10)
max I3 = [a — b(q1 + ¢2 + ¢3) — c3)gs, (11)

g3

where w > 0 is a weight and G : R — R is Russia’s non-profit objective function with its
first-order derivative G'(y) > 0 and second-order derivative G”(y) < 0 for any real y > 0.

The key difference of our model from Jansen et al. (2012) is the use of market share

q1
q2+q3

measurement on Russia’s nonprofit objective. We use wG/( ) as Russia’s nonprofit

objective in (9), whereas Jansen et al. used wM (L) as a nonprofit objective. The

ratio —2— is called standard market share (SMS), whereas —— is called relative market
q1+42+qs q2+q3

share (RMS).'° In our model, the weight w can be thought as the marginal utility of Russia’s

0ORMS is a method often used in industrial organization to measure market share. A company will
measure its own market share with that of its competitors to determine RMS. In fact, the idea of RMS can
be also used to refine some results in managerial economics, without changing the nature of the problems.

For instance, we can apply RMS to Jansen et al.(2007, 2009) and simplify their analysis.
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RMS. In Jansen et al.’s model, Russia’s nonprofit objective is wW (_—L—), which reflects
that Russia’s utility is an increasing function of its SMS. In fact, our introduction of RMS
here suffices to capture this basic property, which is shown in the following simple but

crucial lemma.

Lemma 1 The relative market share qqul% s a strictly increasing function of the standard

market share —L4—.
q1+q2+q3

Proof: By dividing both the numerator and the denominator of the standard market share
by (g2 + g3), we have q1/(q1 + g2 + g3) = [q1/(q2 + @3)]/[a1/ (g2 + q3) + (g2 + ¢3)/ (g2 + 3)].
Let . = q1/(q1 + ¢ + ¢3) and y = q1/(q2 + ¢3), and assume ¢; > 0, then it is easy to see
that = € (0,1) and z = y/(y + 1), which implies y = z/(1 — z). Define f(z) = z/(1 — z)
for x € (0,1). Clearly, f'(z) > 0. In other words, RMS is a strictly increasing function of
the traditional SMS. O

It is clear from this lemma that if w > 0 and G'(y) > 0, then the utility from RMS
wG(f(x)) is still a strictly increasing function of the SMS = € (0,1). In other words, RMS
is a strict monotonic transformation of SMS and preserves the order of the numbers given
by SMS. The great advantage of RMS over SMS lies in the fact that RMS does not have the
variable ¢; in its denominator and thus can significantly simplify the analysis which involves
the first and second derivatives, whereas SMS has the variable ¢; both its numerator and
denominator which can complicate the analysis and obscure a good understanding of the

problem.

3.1 Solving the Model with a General Nonprofit Objective

In this section we establish two fundamental properties for the modified Cournot model.
The first property states that the Russia’s production ¢ is a strictly increasing function of
its nonprofit weight w and that for each given Russia’s nonprofit weight w, the modified
Cournot model has a unique Cournot-Nash equilibrium. This implies that if Russia puts
more weight on its nonprofit objective G(y), its sales and market share will increase.

Compared with the classical Cournot case, because in this modified model the total output



increases, the price will fall and thus yield more benefits to the consumers. In comparison
with Jansen et al. (2012, Propositions 1 and 2), we obtain this result in a more general
environment.

For the modified Cournot model, the first-order conditions for a Cournot-Nash equilib-

rium are
oG
la —c1 —2bq1 — b(q2 + q3)] + w(9_ =0, (12)
q1
a—bq —2bqz — bgz — 2 =0, (13)
a — bgy — bgs — 2bgs — c3 = 0. (14)
From (13) and (14), we have
1
@2+ q3 = 57(2a — 2bq; — c2 — c3). (15)

3b
Here, the requirement of ¢ + g3 > 0 should be satisfied so as to make the equilibrium

solution meaningful, which in turn needs the condition of ¢; < 2“}% Solving w for

equation (12) and substituting (15) into the resulting formula, we have

_a—|—02+c3—301—4bq1

3G"(y)/(q2 + q3)
B (a+ co+ 3 —3cp — 4bgy)(2a — 2bqy — 3 — ¢3) (16)

9bG" (y)

w =

Let L; = ¢=3ateta which is equal to ¢f being Russia’s output (3) in the classical
Cournot model. Let Ly = 2a*§+03 It is easy to see that Ly < Ly. So if Ly < ¢ < Ly and

G'(y) > 0, then w > 0. With the definition of Ly and Lo, (16) can be rewritten as
w = 0@ = L)Lz —q1)

17
SReT an)
Similarly,
1 2
QQ+Q3: —(2a—2bq1—62—63) = —(LQ—Q1>. (18)
3b 3
Then y = q1/(q2 + @3) = ¢1/[2(L2 — q1)/3] and
2 2
dy g(Lz —q1) + 30 3 L (19)
p— _—— _ 2-
dq, il(LQ _ Q1)2 2 (Lz C]l)

9



With the help of (16), (19), and the definition of Ly and L, we have

dw  8b (g1 — L1)(L2 — q1)

dq1 B gd[ G'(y) 1/dg:
sb (L1 + Ly — 2q1)G"(y) — (¢ — L1)(La — ql)Gu(y)j_éJl .
! (G'(4))? .
gp (L1 + L2 = 201)G'(y) = (g1 = L)(L2 — q1>G~(y)m
’ (@) -
It is clear that if G'(y) > 0, G"(y) < 0, and Ly < g < (L1 + Ly)/2, then 42 > (.

Observe that Ly < ¢1 < (L1 + La)/2(< Lg) has a meaningful economic interpretation

in the case of ¢; = ¢ = ¢3 which results in (L; + Ly)/2 = 3(%52). The number 52
corresponds to the optimal production when Russia is the monopolist supplier and acts as
a profit maximiser in the EU natural gas market. So the condition L; < ¢; < (L + L) /2
states that when Russia takes RMS as its non-profit objective, its production should be
higher than the case of the classical Cournot competition but lower than 5/4 times of the
monopolistic case.

We now prove that for each given Russia’s nonprofit weight w > 0, the modified Cournot

model has a unique equilibrium. Recall from the first-order condition that we know

o _(a+co+c3—3ci —4bg1)(2a — 2bg1 — 2 — ¢3)

9G"(y)

This shows that w can be written as a function of ¢y, i.e., w = F(q;). We have also
proved that jT“i > (0, meaning that w is a strictly increasing function of w and thus has
a unique inverse function F~!'. That is, for any given w € [0,w], with @ defined by
qi(w) = (Ly + Lo)/2, there is a unique ¢; such that ¢, = F~!(w). Clearly, ¢» and ¢z are
uniquely determined by their respective first-order condition for the given w. Observe that
the condition Ly < ¢; < (L1 + L2)/2 is equivalent to 0 < w < w because ¢, is a strictly
increasing function of w.

Let @ = q1 + g2 + g3 be the total equilibrium output. Then @ = 4 + % can be seen

Ldqy

37 > 0, meaning that the

as a function of Russia’s nonprofit weight w. Clearly, % =

total production is a strictly increasing function of w. The more weight Russia puts on its



nonprofit objective, the higher the total output, the lower the price and the better for the

consumers. We summarise the above discussions in the following proposition.

Proposition 1 Under the condition of G'(y) > 0 and G"(y) < 0 for every y > 0, the
modified Cournot model has a unique equilibrium for each given nonprofit weight w € [0, w].
Furthermore Gazprom’s output q, is a strictly increasing function of its nonprofit weight

w € [0,w] and so is the total output Q.

It is worth pointing out that the above result has the same spirit as Propositions 1 and 2
in Jansen et al. (2012), but we achieve this result in a much more general environment in
the sense that we dispense with Jansen et al.’s restrictive condition (d). The above result
also provides a proper range for Gazprom to adjust its nonprofit weight and this range is
bounded and cannot be unbounded. In Jansen et al.’s result, a similar requirement is also
needed but missed.

Next we are going to show that by choosing a proper nonprofit weight w, Gazprom can
attain the profits of a Stackelberg leader as in the classical leader-follower model. We also
prove that no matter how Gazprom might manoeuvre its nonprofit objective, its profits can
never exceed that of a Stackelberg leader. It is easy to derive that in the Stackelberg model
when Gazprom acts as the leader and Statoil and Sonatrach behave as followers, and all
three are profit-maximisers, Gazprom’s equilibrium output is equal ¢ = =32+ Note
that ¢; is equal to two times of Gazron’s equilibrium output ¢f in the classical Cournot
competition. Recall that for the modified Cournot model, from the first-order conditions

we have ¢ + q3 = %(2@ —cp—c3) — %ql. We plug ¢s + ¢3 into Gazprom’s profit function

b a—3c+co+c3

Ii(q1) = [a—b(q1 + q2 + q3) — c1]lqn = 5( 5

3 - Q1)Q1-

The first-order condition of maximising IT;(¢;) yields

., a—3c+cotcs
QI: 2b )

which equals ¢; being the equilibrium output of the Stackelberg leader. This means that
when Gazprom has a nonprofit objective besides profits, its maximal profits can never

exceed that of the Stackelberg leader. Whether Gazprom can attain this maximal profit

10



depends on the nonprofit function G(_%—). We will show that under the conditions of

G'(y) > 0and G"(y) <0, L1 < q1 < (L1 + Lg)/2, it is possible to achieve the profits of the

Stackelberg leader. To see this, recall from Gazprom’s first-order condition that we have

(a+ o+ c3 — 3¢y —4bg1)(2a — 2bgy — ¢y — ¢3)
96" (y)

That is, w can be seen as a function of ¢y, i.e., w = F(q;). Therefore there exists a w* > 0

such that w* = F(q}). Notice that & < ¢i < 232, In summary we have

Proposition 2 Assume that G'(y) > 0 and G"(y) < 0 for all y > 0. For the modified
Cournot model, no matter how Gazprom might exercise its market power, its profits can
never exceed that of a Stackelberg leader as in the classical leader-follower model. It is,

however, definitely possible to achieve the profits of the Stackelberg leader.

As far as we know, this is the first formal result proving that by seeking a proper market
share, a firm can also obtain the first mover advantage in a simultaneous decision-making
oligopoly model, whereas the conventional wisdom is that a firm can attain the profits of a
Stackelberg leader only in a sequential decision-making environment. As we said previously,

Jansen et al.(2012, p.283) observed a similar result but were less uncertain about it.

4 Discussion: Comparative Statics Analysis

In this section we focus on the very tractable case in which Gazprom’s nonprofit objective

is given by the relative market share qu‘fﬁqg. Obviously all results in the previous section

easily apply to this case. The major advantage of dealing with this special case is that
it will permit us to perform comparative statics analysis and derive clear-cut results for

equilibrium, consumer surplus and social welfare. Such analysis would be impossible if one

q1
q1tq2+gq3”’

uses the standard market share w

For the modified Cournot model with Gazprom’s nonprofit objective wq;ﬁ%, the three

first-order conditions are
la — c1 — 2bq1 — b(q2 + ¢3)](q2 + g3) +w =0, (21)
a — bqy — 2bgy — bgqz — c5 = 0, (22)

11



a — bgy — bge — 2bqs — c3 = 0. (23)

From (22) and (23),we have

1 2
Q2 +q3 = %(Qa —Cy—C3) — gfh- (24)

Substituting (24) into (21) and solving the quadratic equation yields

1
g1 = %[(&L —3c1—ca—c3) £ 3\/(a + ¢ — ey — c3)? — 8bw). (25)

Obviously, the case of w = 0 should correspond to the case of the classical Cournot model.
Notice further that we must have ¢f = ¢=29rets from (3). So, for the two possible

solutions in (25), only the following one is valid,

1
¢ = =[(ba —3cy —c2 — c3) — 3\/(a + ¢ — ey — c3)? — 8bw). (26)

- 8b
Here w should be no larger than W in order to make the square root meaningful.

It follows from (22) and (23) that
a—2c+c3 1

= —_—  — 2
qz 3h 36117 ( 7)
a+cy—2c3 1
_dre—Ls - 2
qs3 3 3Q1 ( 8)

Substituting (26) into (27) and (28) yields the equilibrium output for Norway and Algeria

1

q = @[(a 41— 5eg +3c3) + /(a4 ¢ — ¢y — c3)2 — 8w, (29)
1

= @[(a +¢1 + 3¢y — 5es) + v/ (a + e — ¢y — ¢3)? — 8buw). (30)

Then the total equilibrium output is

1
Qw = q;ﬂ + q;” + qé” = @[(7(1 —C1 — 362 — 363) — \/(CL +c —cCcy — 03)2 — 8bw], (31)

and the equilibrium price is

1
P =a—bQ" = g[(a+ ¢1 + 3¢y 4 3¢3) + v/ (a+ ¢y — ¢y — c3)? — 8buw). (32)

We summarise the above discussion in the following proposition.

Proposition 3 Assume that a — 3¢y + co + c3 > 0 and ¢; > ¢o > c¢3 and Gazprom has a

nonprofit objective w_%—. For each given weight w, 0 < w < w, the modified

Cournot model has a unique equilibrium.

12



4.1 What if Russia Maximises its Pure Profits

Now we examine how Russia’s nonprofit weight w affects its profits. With the help of (26)
and (32), we can calculate the total profits II; (w) for Russia as

1.1
I (w) = % g[(a +¢1 +3ca + 3c3) + v/ (a+ ¢ — c2 — ¢3)% — 8buw] (33)
—c1}(5a — 3¢y — ¢ — ¢3) — 3y/(a+ ¢1 — ¢ — ¢3)? — 8bw).

Clearly, Russia can choose the weight w to influence its profits. From the first-order
condition of Russia’s profit maximisation, i.e., dll;(w)/0w = 0, we can obtain the optimal

weight w* as'!

*

w a+ 3c; — 2c3 — 2¢3)(a — 3¢1 + ¢ + ¢3). (34)

= %(
From (34), we see that the optimal weight w* is affected not only by players’ costs ¢,
co, and c3, but also by parameters a and b of the demand curve. It is obvious that
0<w < %(a + 1 — ¢y — ¢3)? because a — 3¢y + ¢y +c3 > 0 and ¢; > ¢y, c3. When Russia

takes the optimal weight w*, the equilibrium outputs for Russia, Norway and Algeria will

be given by'?

1
q’f = %(CL — 361 + co + Cg), (35)
, 1
¢ = &(a + 3c1 — 5eg + ¢3), (36)
1
@G = &(a +3c1 + ¢2 — bey). (37)
Total equilibrium output and equilibrium price are
. 1
Q" = —(ba — 3c¢1 — 3 — ¢3), (38)
60
. 1
pt = 6(a+3c1+c2+c3). (39)

Each player’s profit is given as

1 1
= @(a — 3¢+ +e3) = gb((ﬁ)z’ (40)

"The derivation is given in the Appendix 1 of Yang, Zhang and Zhang (2013). Due to space constraint,

= (" —e)a

several other proofs are not included in this paper either but are given in the discussion paper of Yang,

Zhang and Zhang (2013).
12The detailed computation is given in the Appendix 2 of Yang, Zhang and Zhang (2013).
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1
II; = (p* — c2)s = —(a+ 3c1 — Bea + ¢3)* = b(g3)?, (41)

27 36
1
I = (p* —cs)gs = g7 (a+3e1+ ¢ — Bes)? = b(gs)* (42)

The total profit of three players is

1
I = I +154+115 = %[3(a—301+02—|—03)2—|—(a—|—301—5CQ—|—03)2+(a—|—3cl—|—02—503)2]. (43)

The total consumer surplus is given as

CS* = %(a —p")Q” 5a —3c1 — ¢ — ¢3)°. (44)

= 75

Thus, the social welfare is given by

W =1I" + CS*
1

= ﬁ[G(a —3c1+ ¢y +¢3)? +2(a+ 3¢, — 5ey + ¢3)? (45)

+2(a + 3c1 + ¢ — 5e3)? + (5a — 3¢1 — g — ¢3)?].

4.2 Comparison of Equilibrium Results

We now come to examine how equilibrium price, output, consumer surplus and social
welfare change in response to Russia’s weight w on nonprofit objective, compared with the
classical Cournot model in Section 2. Recall that the classical Cournot model corresponds
to the case of w = 0 in our modified Cournot model. From (31), (32), and (A2-13) in
the Appendix 2 of Yang, Zhang and Zhang (2013), we have total output change AQ =
Q" — Q° > 0, equilibrium price change Ap = p* — p° < 0, and consumer surplus change
ACS = CSY — CS° > 0 for any given w € (0,w]. Further, (26), (29), and (30) tell
respectively that Russia’s output change Ag; = ¢}’ — ¢f > 0, Norway’s output change
Agy = ¢¥ — ¢5 < 0, and Algeria’s output change Agz = ¢§ — ¢5 < 0. Similarly, (A2-14)
and (A2-15) in the Appendix 2 of Yang, Zhang and Zhang (2013) indicate Norway’s profit
change Ally = Il (w) — 11§ < 0 and Algeria’s profit change All3 = II3(w) — 11§ < 0. Notice
that Russia’s profit change AlIl; = II;(w) — II has a single-peak at the optimal weight

w*. Because the total profit change of the three players is decreasing in general but the
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consumer surplus is increasing, the social welfare change AW = W™ — W€ appears to be

less clear.!® All these changes can be conveniently illustrated in Figure 1 and Figure 2.
CS"+PS" CS” +PS”
CS° + PS¢ /”T—_———
[\
PS§°

I =115 =115 .<Q i
0, (w) =1,(w)

N
0 w w

Figure 1: Trends in consumer surplus, producer surplus, and social welfare

1
| w
i I, (w)+w wa -
i 2 3
I +w 7*(1‘ - : w—wq‘ —
9, +4; | 9, +9;
i
D
H 9,145
I
I :
: 1,(w)
0 w' w

Figure 2: Trends in Russia’s profit, nonprofit objective, and total objective

4.3 The Effect of Various Factors on the Optimal Weight

In the previous section we demonstrated how the change of Russia’s nonprofit weight w

influences quantity change of equilibrium price, outputs, profits, consumer surplus, and

13Qeveral quantitative results for the case of w = w* are given in Appendix 3 of Yang, Zhang and Zhang

(2013).

15



social welfare. In this section we will analyse the quantitative effect of various factors on
Russia’s optimal weight w*. This analysis is made possible because the optimal weight w*
has been given explicitly in formula (34), i.e., w* = g (a+3c1 —2¢3 — 2¢3)(a — 3¢y + e+ ¢3).
Let &k = # denote the average cost of Norway and Algeria. Then we have w* =
5 (a+3c1 —4k)(a— 3¢y +2k). We list four changes of the first-order derivatives in Table 1.
For example, Ow*/dc; < 0 says that Russia’s optimal weight w* is a decreasing function
of ¢;. We know that w* is defined to be the nonprofit weight that makes Russia achieve
its maximal profit in the resulting Cournot game. Other things being equal, an increase
in ¢; will decrease Russia’s equilibrium production by the law of maximizing profit with
marginal revenue and marginal cost. By (26), w is an increasing function of ¢;, then a
reduction in ¢, implies a reduction in w. This also shows that Russia’s interest in RMS
will be limited to its own cost level if it still cares about profit objective.

In fact, we can also obtain the second order derivatives. For example, it is not hard to
see that 9*w*/(0kdc;) > 0 . From dw*/dc; < 0, we have already known that the optimal
weight is a decreasing function of Russia’s cost. The cross partial derivative 0*w*(9kdcy)
can be rewritten as (0/0k)(0w*/0c;), which is more helpful to demonstrate its intuitive
economic interpretation. (0/0k)(0w*/dec1) > 0 implies that, although a higher cost level of
Russia has a negative effect on its optimal weight, the negative effect will become smaller

with a cost increase of its rivals. Other cases can be analysed similarly and are therefore

omitted.
Table 1: The effect of various factors on the optimal weight
Derivative type | Derivative expression Derivative sign
1|9 +(—=2c1 + 2k) <0
2 | v 2(—a+9c; — 8k) indefinite
3| o 5 (2a — 2k) >0
4] —giz(a+3c1 — 4k)(a — 3¢y + 2k) <0
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5 Conclusions and Policy Implications

Following Jansen et al. (2012), we have studied a Cournot oligopoly model where Russia
(Gazprom) maximises its relative market share together with its profit to compete against
two traditional profit maximising rivals Algeria (Sontrach) and Norway (Statoil). The
relative market share (RMS) is intended to reflect Russia’s sophisticated strategic objective
besides profit. Our new approach not only simplifies Jansen et al.’s analysis and thus makes
it easier to understand, but also permits us to derive rich and clear-cut quantitative results
for equilibrium price, output, consumer surplus, and social welfare.

We have shown that in this model, Russia has a considerable rise both in production
and profit (even up to a 100% rise in production and a 1/3 rise in profit). Total production
will go up and thus bring prices down. As a result, consumer surplus will increase, which
means good news for the EU’s consumers. However, production and profit for both Algeria
and Norway will decrease, and total profit of all three players will also decrease. This means
that change in social welfare is indefinite, and that if Russia does pursue a comprehensive
goal of both profit and market share, it will indeed hurt Norway and Algeria in terms of
profit. One should, however, treat the possible increase of consumer surplus due to Russia’s
non-profit objective with caution. In the long run, this will probably make Russia’s market
power even greater in European energy market.

We have also demonstrated that Russia’s optimal weight is affected by many factors,
such as cost, market capacity, and demand elasticity, and most of the effects can be analysed
in a quantitative way. For example, if all players’ costs are equal, Russia could improve
its standard market share by 80% via proper choice of optimal weight. In other words,
standard market share will increase from 1/3 in the classical Cournot model to 3/5 in
our new model. We point out that, only one player - Russia is assumed to have non-profit
objective. An important precondition for this assumption is that Russia’s rivals are limited
by production capacity in the short run. In the long run, this game will be also affected
by many other factors such as natural gas reserve stock and infrastructure investment. To
pursue non-profit objective, one has to invest heavily in its production and transportation.

These investments are often irreversible. As other energy markets, natural gas market
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is also highly affected by global economy, technology advancement, unconventional gas
development, and international politics.'* All these remind us that any huge natural gas
investment should act with extreme caution and care.

This short article concludes with one major research topic for further investigation.
The model developed in this paper provides a useful and necessary basis for the study of
strategic competition models in which players might have sophisticated objectives. The
model is, however, deterministic and thus it cannot accommodate the environment involv-
ing significant uncertainty such as political crises and technological breakthroughs, i.e., the
current Ukraine crisis and recent rapid development in the US shale gas field. Such events
will be better modelled as random shocks but how to deal with such random events in a

strategic competition model remains widely open.
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Appendix 1 Computation for the Optimal Weight w*

In this appendix we derive the optimal weight w* in the modified Cournot model.

It follows from (26) and (32) that

I (w) = (p* — c1)qy’
= (é[(a + ¢ +3ca +3c3) +y/(a+ ¢ — c2 —c3)2 — 8bw] — 1)
i[(5a —3c1 — g —c3) — 3/ (a+c1 — o — c3)2 — 8bw) (A1-1)

[(a+Tcr +3ca +3c3) + v/(a+ c1 — ca — ¢3)? — 8bw]

>—'OOI>—tOO

%[(5CL — 301 — Cy — 63) — 3\/(@ +c1 —Ccy — 03)2 — 8bw]

We have the following first-order condition

li(w) 1 —8b (5a —3c; — ¢y — 3) — 3y/(a+¢1 — ca — ¢3)% — Sbw
dw  82y/la+c1— ey — c3)? — 8bw 8b
N (a—Ter 4 3ca + 3¢3) + /(a+ 1 — g — ¢3)2 — 8bw (=3) - (—8b)
8 16b\/(a 4+ ¢ — ¢a — c3)? — 8bw
(A1-2)

Rearrangement yields

1 (5a —3c1 —cy —c3) =3/ (a+c1 — ¢ — ¢3)° — 8bw

16 Va4 — e —c3)? — 8bw (A1-3)
+i(a—701+302+303)+ Via+ca — e —c3)? — 8bw 0
16 Via+er —c—c3)? —8bw .
It further reduces to
3\/(a + ¢ —co—c3)? —8bw = a+ 9c; — bey — Hes . (A1-4)
. 1
By hypothesis that a > ¢; and ¢; > ¢y > ¢3, we have a > ¢; > 5(02 + ¢3). Then
a+ 9c¢; — 5eg — e >a+9(62+63)—502—503:a— @+t >0 (A1-5)
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and

1
8w = (a+cp —cy—c3)? — 5( a+9c¢; — 5cy — 5es)?
1
=la+c—cp—c3+ g(a +9¢1 — 5ey — bes)lla+ ¢ (A1-6)
—Cg — C3 — g( a+ 9C1 — 502 — 503)].

The above equality gives the optimal weight

1
w' = o —(a+ 3c1 — 2¢9 — 2¢3)(a — 3¢1 + ¢2 + ¢3). (A1-7)

Appendix 2 Results Concerning Russia’s Profit Maximisation

In this appendix we compute equilibrium results when Russia maximises its profit in
the modified Cournot model.

Substituting(A1-7) into(26), (29), and (30), respectively, we obtain ¢, ¢5, and ¢3.

1

qf = —b[(5(l — 301 — Cy — 03) — 3\/((1 +c —Ccy — 03)2 — 8bw*]

= @[(5@ - 3C1 — Cy — 03)

—3\/(a +cp—co—c3)?— —(a+ 3c1 — 2¢9 — 2¢3)(a — 3¢y + ¢ + ¢3)]

)
8b[(5a —3c1 — ¢y —¢3) (A2-1)
—/9(a+c1 —ca — c3)? — 8(a+ 3¢ — 2¢9 — 2¢3)(a — 3¢t + ¢ + ¢3))]
811)[(5a —3c1 — ca — ¢3) — y/(a+ 9¢1 — Beg — Bez)?]
811)[(5a —3c1 — ¢y —¢3) — (a+9¢; — Beg — bes)]
2b(a —3c1 + ¢+ c3).

The above fifth line and fourth line have respectively used (A1-5) and the following (A2-2).

9(a+c; — ey — c3)* — 8(a; + 3¢ — 2¢9 — 2¢3)(a — 3¢y + ¢o + ¢3)
=9(a®> + & + & + A + 2acy + 2cac3 — 2acy — 2acs — 2¢109 — 2c103)
—8(a2 — 3acy + acy + acs + 3ac; — 90% + 3cic9 + 3ci1c3 — 2acs
+6¢109 — 22 — 2c9c3 — 2acs + 6eic3 — 20903 — 2¢3) (A2.9)
= 9(&2 + C% + C% + C% + 2@61 + 20263 — 2@02 — 2@63 — 26102 — 20103)
—8(a? — 9¢% — 2¢2 — 2¢2 — acy — acg + 9c1¢y + erc3 — degcs)
= a® + 81c¢% + 25¢3 + 25¢2 + 18ac; — 10acy — 10acs — 90cicy — 90cic3 + 50cqc3
= (a + 9c; — Heg — Hez)?.
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Similarly, we can get

1
= @[(a +¢1 — beg + 3¢3) + v/ (a + ¢ — 2 — ¢3)? — 8bw?]

1

%[(a + 1 — beg + 3c3)
8b

—I;\/(a +c1—cp—c3)?— %(a +3c1 — 2¢y — 2¢3)(a — 3¢y + 2 + ¢3)] (A2:3)
86[(@4—01 — 5y + 3¢3) + = \/ (a+ 9¢; — beg — bes)?]

1

%46[3(a+01—502+303 —|—\/ (@ +9c¢; — bey — bes)?|

6b ((I + 361 — 562 + 03)

and

1
q§—8b[(a+cl+362—563 +\/G+01—CQ—C3) — 8bw*]
1

—[(a + ¢1 + 3¢y — 5es) + =+/(a + 9¢; — Beg — 5eg)?]
811 \/ (A2-4)
4b[3(a+ c1+ 3ca — Bes) + \/ (@ +9c¢; — bey — bes)?|

a+ 3¢y + o — Hes).

6b(
Using (A2-1) (A2-3), and (A2-4), we obtain the total output

. 1 1
QF = 2? (@ —3c1+ca+c3)+ 6b(a +3c1 — bea +¢3) + 6b(a + 3¢y + o — bes) (A2-5)
6b(5a —3c1 — ¢y — ¢3).
Combining (A2-5) and (1) leads to
b 1
pr=a—-0bQ" =a-— @(5a —3c; —Ccy—c3) = é(a +3¢1 + ¢+ ¢3). (A2-6)

Using (A2-1), (A2-3), (A2-4), and (A2-6) we obtain the profit of each player as follows:

I = 1;b(a — 3¢+ e+ c3)? = %b(qI)Q, (A2-7)

IT; = 3éb(a +3c; — Bea + e3)* = b(g3)?, (A2-8)
and

I = 3éb(a +3c1 + ¢y — 5e3)? = b(q3)% (A2-9)

Thus, the total profit is given by
I =117 4 15 + 113

1 2 , - (A20)
— %[3(0— 3c1 + o+ c3)* 4 (a+ 3¢y — Beg + ¢3)° + (a+ 3¢1 + ca — 5eg)?.
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The consumer surplus and social welfare are given respectively

1 1
CS* — —((I _p*)Q* — _(a _p*)2
2 2b 1 (A2-11)
Qb[&—é(a+301+02+03)] 72b(5a—3cl—02—03)
and
W* =1I* + CS*
= 260 ——1[3(a—3c1 + g+ 3)? + (a+3c1 — bea + ¢3)? + (a+ 3c1 + o — 5ez)?]
+7_211)(5a — 301 — Cy — 03)

37 —1[6(a —3c1 + g+ 3)* +2(a+ 31 — Heg + ¢3)% + 2(a + 3¢y + ¢ — Hez)?
(5@ - 3C1 — Cy — 03)2].

(A2-12)

By (31) and (32), the consumer surplus can be written as a function of weight w

1 1
08" = (a—p")Q" = JH(Q")
1 2
5 { 7@ —C1 — 3C2 — 363) — \/(a +c —Co— 63)2 — 8bw]} (A2—13)
128b [(Ta — ¢1 — 3ca — 3e3) — /(a+ 1 — ca — c3) — 8bw]?.

By (29), (30) and (32), the profit functions of Norway and Algeria are given respectively
by

1.1
IT 3 3 —Cy — — 8b
2(w) = or{gl(a+er 430 +3e5) + V/(a+ 1 — 2 — )" — 8bu] Az
—co}(a+ ¢ —5ea + 3c3) + v/ (a+ ¢ — ca — ¢3)% — 8bw,
11
I3 (w) = ={=[(a+ c1 + 3c2 + 3¢3) + \/(a + c1 — ca — ¢3)% — 8bw)]

8h'8 (A2-15)
—cstl(a+ ¢+ 3ca — Bes) + \/(a + ¢ — ey — c3)? — 8bw).

From (A2-13), consumer surplus is an increasing function of w, so AC'S = C'SY —CS° > 0
for any given w € (0, w], with w defined by ¢;(w) = (L + Ls)/2. Similarly, from (A2-14)
and (A2-15), it is easy to see that both Ily(w) and II3(w) are strictly decreasing with w.
Then Ally = Iy (w)—1I§ = Iy (w)—112(0) < 0 and Ally = II3(w)—1I1§ = [I3(w)—1I5(0) < 0.
But for Russia, its profit change is indefinite by (33). So the change in total profit of the

three players is undetermined and so is the social welfare.
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Appendix 3 Comparison of Equilibrium Results

In this appendix we compare a variety of changes in equilibrium when Russia maximises
its profits in the modified Cournot model with the classical Cournot model.

Using (A2-1), (A2-3), (A2-4), and (3), we can compute the production difference be-
tween the two models as follows:

1 1 1
Aqf = qf—qf = %((1—301—0—024-03)—E(a—SCl—FCQ—i—Cg) = @<a—301+02+63) > 0, (A3—1)

Agy =q5—q5 = i(a+301_502+03)—i(a—f‘Cl—SCQ‘i‘Cg) = —L(a—301+02+03) <0,
60 4b 12b

(A3-2)

Agy =q;3—q5 = i<a+301+02_503)_i(a+61+02_303> = —L(a—301+02+03) < 0.
6b 4b 12b

(A3-3)

According to (A2-5) and (4), the total production difference is

1 1 1
= &(5a—301—02—03)—@(?@—01—02—03) =135 (@ —3c1 4+ ca+c3) >0. (A3-4)

Q" —Q°
By (A2-6) and (4), the equilibrium price difference is given by
o1 1 1
pr—p°= 6(a+301+02+03) —Z(a+cl+02+03) = —E(a—301+02+03) < 0. (A3-5)
Then from (A2-7)-(A2-9) and (5)-(7), the profit changes have the following properties.

1 1
Allf =T} — 11§ = —(a — 31 + ¢ +¢3) — ——(a — 3c1 + ¢a + ¢3)°

12b 16b (A3-6)
— 4_85(@_ 301 + Co +C3)2 > Oa
AT =TI — TI = —— (a4 3¢1 — 5es + ¢5)2 — ——(a -+ c1 — 3ea + c3)?
2 T 2 2 36b a 1 €2 €3 16b aTa “ = (A3-7)
— _@(m +9¢1 — 19¢5 + 5es)(a — 3¢y + o +¢3) <0,
1 1
ATy = 1T — 11§ = 3_66(a + 3¢1 4 ¢ — Beg)? — 1_6b<a + 1+ ¢y — 3e3)? (A38)
=L at e+ 50— 19— e+ s ) < O

144b
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To derive (A3-7) and (A3-8), (A1-5) has been used. Furthermore, combining (A3-6) and
(5) leads to

ALY 1
== A3-9
e 3 (A3-9)

It is not hard to see that, the reason for the decrease in profits of Algeria and Norway
is the reduction for both of their outputs and the market price. The increase in Russia’s
profit attributes mainly to the property that the “decreasing effect” from price reduction
is lower than the “increasing effect” from its own production rise. From (A3-6)-(A3-8), the

total profit change is
ATl = II* — 1I¢ = Al + AIT; + AIT
1 1
—(a—3c1 + ¢+ ¢3)? + ——(5a + 9¢; — 19¢3 + 5e3)

8 144 (A3-10)
(—a+3c; — ey —c3) + m(m +9¢1 + 5cp — 19¢3)(—a + 3¢; — ¢ — ¢3)
1
1446( Ta —27cy 4+ 17co + 17¢3)(a — 3¢y + ¢ + ¢3) < 0.

We have used the following (A3-11) in the last line of (A3-10).

7 7
Tat27cr— 1Tey—17Tcy > Ta+2720 B 176y — 17¢5 — S(a—ca)+5(a—c) > 0.
(A3-11)
According to (A2-11) and (8), the consumer surplus difference is given by
ACS* =085 - CS°
1 1
72 (5& — 361 — Cy — 03) — %(BCL — C1 — Cy — 63)2 . (A3—12)
288b(19a —9¢1 — by —bes)(a— 3¢y +ea+¢3) >0
Note that the last line in (A3-12) has used the following result
19a — 9¢; — 5eg — 5eg = 9(a — ¢1) + 5(a — ¢3) + 5(a — ¢3) > 0. (A3-13)
y (A3-10) and (A3-12), we have
AW* = All* + ACS*
1
= ——(—Ta —27c; + 17co + 17¢3)(a — 31 + ¢o + ¢3)
144 (A3-14)
+——(19a — 9¢; — 5ey — Bes)(a — 3¢1 + ¢o + ¢3)
2818b
288b<5a — 63c1 +29¢5 + 29¢3)(a — 31 + ¢ + ¢3).
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If costs of the three players are equal, then it follows from (A2-1), (A2-3), (A2-4), and (3)
that

3 1 4
= - =~ ~92.67T%. A3-15
5 3 15 % ( )

a B 41
G+t 47+t

4
So, Russia’s market share will rise by i /(1/3) = 80%. Its optimal weight can be rewritten

as
1
w* = %(a + 31 — 2¢9 — 2¢3)(a — 3¢y + ¢ + ¢3)
1
= o7 3b(a + 43)20a; (A3-16)
= 3blaz +a3)gi-
By (A2-1), (A2-3), (A2-4), (A2-7), and (A3-16), Russia’s objective II} 4+ w* q;qu‘ can be
reformulated as
I +w — = 2b(qr)” + 3blgs + Qg)%*—l = b(q)*. (A3-17)

¢ +q 3 3 4 + g3

Notice that Russia’s objective value b(q})? given by (A3-17) surprisingly resembles Russia’s
profit IT§ = b(¢¢)? given by (5) in the classical Cournot model.
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