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Abstract

Equilibrium properties of Cournot and Stackelberg duopoly are compared with respect to
outputs, profits, and welfare, the results of which depend on some conditions expressed in
terms of the elasticities of the cost and demand functions. In particular, the case where the
condition owing to Fisher (1961), Hahn (1962), and Okuguchi (1964, 1976, 1999) is not
satisfied exactly corresponds to the case where the marginal revenue curve is steeper than the
demand curve, the marginal cost curve is decreasing, and the demand curve is elastic to some
extent, the case of which gives rise to different results from Okuguchi's (1999).
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1. Introduction

In a sequential game with two identical players, Gal-Or (1985) explored the conditions on
which a first mover (a leader) or a second mover (a follower) gains a higher profit than the
other and showed that the first-mover or second-mover advantage over the rival arises if the
reaction function of the follower is downward or upward sloping, respectively.

Okuguchi (1999) compared Cournot duopoly (a simultaneous-mover game) and
Stackelberg duopoly (a sequential-mover game) with respect to outputs and profits and showed
the results as follows. First, if the follower’s reaction function is downward sloping, then the
outputs and the profits are the largest in the (Stackelberg) leader case, the second largest in the
Cournot case, and the smallest in the (Stackelberg) follower case. Second, if the follower's
reaction function is upward sloping, then the outputs are the largest in the Cournot case, the
second largest in the follower case, and the smallest in the leader case, whereas the profits are
the largest in the follower case, the second largest in the leader case, and the smallest in the
Cournot case.

Fisher (1961), Hahn (1962), and Okuguchi (1964, 1976, 1999) assumed that (1) for each
firm, the marginal cost should rise more rapidly than the marginal revenue, with other firms

* 1 am grateful to an anonymous referee for helpful suggestions and comments.
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expanding their ‘collective’ output, and that (2) for each firm, the marginal cost should not fall
more rapidly than the demand for total industry output. The first assumption was given as a
sufficient condition for each firm to maximize the profit with respect to its output, which is
known as the second-order condition for the optimum. The second assumption was given as a
condition for the Cournot equilibrium to be stable, which we call Fisher-Hahn-Okuguchi
condition.

In this paper we compare equilibrium properties of Cournot and Stackelberg duopoly with
respect to outputs, profits, and welfare, also examining the case where F-H-O condition is not
satisfied whereas the second-order condition for the optimum is still satisfied, the case of which
Okuguchi (1999) did not examine. In order to deal simultaneously with conditions on whether
the follower’s reaction function is downward or upward sloping and those on whether F-H-O
condition is satisfied or not, given the second-order condition for the optimum, we express
these conditions in terms of the elasticities of the cost and demand functions.

We show that the results of comparison with respect to outputs and profits are different
from Okuguchi's (1999) in the case where F-H-O condition is not satisfied whereas the second-
order condition for the optimum is still satisfied. That is, the output is the largest in the
follower case, the second largest in the Cournot case, and the smallest in the leader case, even
if the follower’s reaction function is downward sloping, whereas the profit is the largest in the
Cournot case.

As for consumer surplus, the results of comparison are summarized as follows. Consumer
surplus is larger in the Cournot equilibrium than in the Stackelberg equilibrium if the follower’s
reaction function is upward sloping and not so steep. On the contrary, consumer surplus is
smaller in the Cournot equilibrium if the follower’s reaction function is downward sloping, or if
the follower’s reaction function is upward sloping and so steep.

As for producer surplus, the results of comparison are summarized as follows. Producer
surplus is Jarger in the Cournot equilibrium than in the Stackelberg equilibrium if (1) the
marginal revenue function is steeper than the demand function, the marginal cost functions are
non-decreasing, and the demand function is weakly convex and less elastic, or if (2) the
marginal revenue function is steeper than the demand function, the marginal cost functions are
decreasing, and the demand function is weakly convex and elastic to some extent, with some
additional condition for the outputs. On the contrary, producer surplus is smaller in the Cournot
equilibrium if (3) the demand function is steeper than the marginal revenue function, the
marginal cost functions are non-decreasing, and the demand function is convex to some extent
and less elastic, if (4) the demand function is steeper than the marginal revenue function, the
marginal cost functions are decreasing, and the demand function is convex to some extent and
elastic to some extent, or if (5) the marginal cost functions are steeper than the marginal
revenue function, the marginal cost functions are non-decreasing, and the demand function is
strongly convex and more elastic.

The remainder of this paper is organized as follows. In Section II we formulate basic
models of Cournot and Stackelberg duopoly. In Section III we compare equilibrium properties
of Cournot and Stackelberg duopoly with respect to outputs, profits, and welfare, i.e., consumer
surplus, producer surplus, and total surplus (defined as the sum of consumer surplus and
producer surplus). We attempt to classify the results of comparison by some conditions on the
slope of the follower's reaction function expressed in terms of the elasticities of the cost and
demand functions. In Section IV we provide concluding remarks.
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II. Basic Models

We assume that there are two firms, labeled 1, 2 respectively, in an industry, each of
which produces x; (i=1, 2) units of homogenous commodities to be sold in a single market; all
the outputs are non-negative, i.e., x;=0, i=1, 2. Denote by X=x,+x, the total output in the
industry.

Let p=P(X) be the (inverse) demand, where p is the market price of the good. We assume
that the function P(X) is continuous, twice differentiable, and monotonically decreasing. We
also assume that 0<x,<M, i=1, 2, such that P(X)=0 if X=x,+x,=M for some M>0.

Let Ci(x;) be the (total) cost function of firm i that produces x; units of the output. We
assume that the function C;(x;) is continuous, twice differentiable, and monotonically non-
decreasing.

The profit of firm 7 is written in the form 7:(x;, x)) =x;P(X) — Ci(xy), i, j=1, 2, j#i. In
order to guarantee the non-negative profit, we may assume that C;(0)=0 for all i.' Note that
since P(X) and Ci(x,) are continuous and twice differentiable by assumption, so is 7i(x;, x;).

Firm i maximizes the profit 7;(x;, x;) =x,P(X) — Ci(x;) with respect to the output x;. The
first-order condition for the optimum for firm 7 is given by

P(@i(x))tx)+@x)P(@ix)+tx)—Ci(¢dx,)=0, (1)

where ¢ (x;)=x{ is the reaction function of firm i. One could show the following properties of
the function ¢,, which we use hereafter:*

(1) @, is continuous.
(ii) @, is differentiable in an open neighborhood of x; .

A point (x, x5) at which the curves ¢, and ¢, cross with each other defines the Cournot
duopoly equilibrium. In order to guarantee that the solution x{ of equation (1) uniquely exists,
we assume that 7; is strictly concave, namely:

Condition 1. 0’m/oxi=(P +xP)+(P —C/)<0 atx{ fori=1, 2.

Given Condition 1, the second-order condition for the optimum is satisfied. Throughout the
paper we assume that Condition 1 is always satisfied.
Differentiating (1) with respect to x; and arranging terms, we have

QD[,(X/)Z —(azﬂf/ax,-ax,-)/(azm/ax,g): —(P’—Fx;P”)/{(P’—'—x,-P”)+(P'—C,-”)}, (2)

which gives the slope of the reaction curve of firm i. From (2) we see that, given Condition 1,
@/ <0 (resp. >0) as 0’/ 0x;0x;=P +x.P"<0 (resp. >0), that is, quantities of the outputs are

! As for this point, see Okuguchi (1976).

2 Let U be open in R* and let d7,/0x,: U — R be continuous and differentiable. Let (x{, x{) € U, that is, U is an
open neighborhood of a point (xf, x{), and assume that 07;(x{, x/)/0x; =0 but 07,(x{, x{)/0x;#0. By the Implicit
Function Theorem we observe that there exist an open neighborhood U'of x{ and a continuous and differentiable
function ¢ U— R such that ¢,(x{)=x{ and 07,(@.(x)), x,)/0x,=0 for all x;, € U'. Okuguchi (1976) proved that the
follower’s reaction function is continuous, focusing on the property that a real-valued and strictly concave function on a
set in R” has a unique (global) maximum. As for the proof, see Takayama (1986).
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strategic substitutes (resp. complements).
The following is what we call Fisher-Hahn-Okuguchi condition:

Condition 2. P —C/ <0 at x{ for i=1, 2.

Note that Condition 2 is equivalent to saying that | 0°7;/0x7| > | 0°7:/0x,;0x:| at x{ for i, j=1,
2, j#i. F-H-O condition means that for each firm, the marginal cost should not fall more
rapidly than the demand for total industry output.’

It follows that at x{ for i=1, 2,

P +x.P"=(P/Xe)(1+0/1n)<0 (resp. >0) as 1 +0/n>0 (resp. <0),
P —C/=P/Xe){1—u(l+e)o;} <0 (resp. >0) as —u;+0:>(resp. <) pe, 3)
(P,+X,P//)+(P/_Cl”):(P/XE){Z‘i‘O'x/ﬂ_/lz(l+€)/O',}<0 as _ﬂi+0i(2+0i/n)>ﬂi6,

where 0:=x:/X with 0<¢,;<1 represents the ratio of the size of firm i's production to the total
production of the good, i.e., the market share of firm i's products; ¢ =P/XP'with e<—1 by (1),
n=P'/XP"with n=0 (resp. <0) as P"<0 (resp. >0), and y,=x;C,”/C/ with ;= (resp. <) 0
as C;”=0 (resp. <0) represent the elasticity of the demand function, the elasticity of the slope
of the demand function, and the elasticities of the marginal cost functions, respectively.® Using
the terminology in Brander and Spencer (1984), we may say that 7 and y#; measure the “relative
curvature” of P and that of C; at xf, respectively. Since

—1+oi/pu=(esp. <) —1 as ;=0 (resp. <0),
—1+(o/u)2+oin)=(resp. <) —1+0/u; as p(1+aoi/n)=(resp. <) 0, 4)
—1+(o/u)2+aoi/n)=(esp. <) —1 as u(2+0/n)=(resp. <) 0,

we have the following lemma:

Lemma 1. In any of the following cases, Condition 1 is satisfied:

(a) We have P'+x:P” <0 and P'—C/" <0 if and only if
(1) 0/n>—1, £:i=0, and e<—1, or (i) o/n>—1, 1t;<0, and —1+o/pu.<e<—1.

(b) We have P'+x:,P”">0 and P'—C/" <0 if and only if
(i) —2<0i/n<—1, t;i20, and e<—1, (ii) —2<0/n<—1, 1t;<0, and —1+(o/p)2+
o/ <e<—1, or (iii) 0/n<—2, 1;=20, and e<—1+(0o/u)2+0/n).

(¢) We have P'+x,P"<0 and P"—C{ >0 if and only if 0/n>—1, 1t;<0, and —1+(0/1:)2+
oin<e<—1+o/u.

Note that Case (a) and Case (b) in Lemma 1 correspond to the case where Condition 1
and Condition 2 are satisfied and Case (c¢) corresponds to the case where Condition 2 is not
satisfied whereas Condition 1 is still satisfied. Also note that —1<¢,"<0 in Case (@), ¢.">0
in Case (b), and ¢;<—1 in Case (¢). Thus the slope of firm i's reaction function has been
expressed by the elasticities of the demand function and the market share of firm i's products.
In other words, strategic substitution/complementarity is regarded as a consequence, not as an

3 The Cournot (oligopoly or duopoly) equilibrium may be unstable even if F-H-O condition is satisfied. As for this
point, see Seade (1980), Al-Nowaihi and Levine (1985), and Chuman (2008, 2009).

4 In particular, the equality of the second of the three equations in (3) can be derived as follows: Since P(1+1/e)=
C/" by (1), expressing that for firm i the marginal revenue is equal to the marginal cost at x{, we have P'— C,”=
(P/X){(XP"/P)— (X/x))(x.C/"IC/)(C/IP)} = (PIXe){1 —u(l+e) o}, using C//P=1+1/e.
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assumption often appeared in the industrial organization literature.’

Remark. Let 0,=0,=1/2 and ¢, =p>=p in Lemma 1. Then by (3) we can check that:

(a) —1<@,’<0 if and only if (i) =0 or<—1/2, #=0, and e<—1, or (i) =0 or< —1/2,
1<0,and —1+12u<e<—1;

b) 0<¢@,<1 if and only if (i) p¢=0, —12<n<—1/3, and e<—1, (ii)) ©=0,
—1/3<n<—1/4, and e<—1+(1/p)(3/2+1/2n), (iii) £=0, —1/4<n<0, and e<—1+
(1/) (3/2+1/2n), or (iv) £<0, —1/2<n<—1/3, and —1+ (1/p)(3/2+1/2n) <e<—1;
@, >1 if and only if (v) =0, —1/3<n<—1/4, and —1+ (1/p) (3/2+1/2n) <e<—1,
(vi) £=0, —1/4<9<0, and —1+(1/p)(B2+1/2n)<e<—14+(1/p)(1+1/47), (vii)) £<0,
—12<np<—1/3, and —1+ (1/p)(1+1/4n) <e<—1+ (1/1) (3/2+1/21), or (viii) «<O0,
—1/3<np<—1/4, and —1+(1/p)(1+1/4n)<e<—1;

(¢) ¢’ <—1if and only if =0 or<—1/2, £<0, and —1+(1/p)(1+1/4n)<e<—1+1/2u.

In addition, we can check that conditions ()(i)(ii)(v) correspond to Case (b)(i) in Lemma 1,

conditions (b)(iv)(vii)(viii) correspond to Case (b)(ii) in Lemma 1, and conditions (b)(iii)(vi)

correspond to Case (b)(iii) in Lemma 1.

Further note that ¢;/7> —1, corresponding to the case where the demand function is not
too convex, is equivalent to that |2P +x;P”| > |P’|, that is, the marginal revenue function is
steeper than the demand function; —2<o;/n<—1 is equivalent to that |2P +x,P"| <|P’|,
that is, the demand function is steeper than the marginal revenue function; o;/n<—2,
corresponding to the case where the demand function is too convex, is equivalent to that
0<2P'+x:P"<C/, that is, the marginal cost functions are strictly increasing and steeper than
the marginal revenue function.

In summary, Case (@) in Lemma 1 occurs if (i) the marginal revenue function is steeper
than the demand function, the marginal cost functions are non-decreasing, and the demand
function is less elastic, or if (ii) the marginal revenue function is steeper than the demand
function, the marginal cost functions are decreasing, and the demand function is elastic to some
extent; Case (b) occurs if (i) the demand function is steeper than the marginal revenue function,
the marginal cost functions are non-decreasing, and the demand function is less elastic, if (ii)
the demand function is steeper than the marginal revenue function, the marginal cost functions
are decreasing, and the demand function is elastic to some extent, or if (iii) the marginal cost
functions are steeper than the marginal revenue function, the marginal cost functions are non-
decreasing, and the demand function is more elastic; Case (c) occurs if the marginal revenue
function is steeper than the demand function, the marginal cost functions are decreasing, and
the demand function is elastic to some extent.

Hereafter we focus on the case where all firms are identical, i.e., C:(x;))=C(x;), i=1, 2.
Denote the total output and firm i's profit in the Cournot duopoly equilibrium by X°, where X©
= x{ + x5, and 7, respectively. Since all firms compete in the same product market and
produce with the identical cost functions by hypothesis, we have xi = x5 and #f{ = 75 .
Immediately, 01=0,=1/2 and t,=>=p (constant).

Let us explore the Stackelberg duopoly. Let firm 1 be the leader and firm 2 the follower.
Firm 2, taking firm 1’s output x, as given, maximizes the profit 7.(x1, x2) =x:P(x1+x2) —C(x2)
with respect to the output x,. Firm I, knowing firm 2’s reaction function ¢.(x:), maximizes the

3> As for this point, see Brander (1995) and Shapiro (1989), for example.
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profit 7,(x1, @2(x1))=x1P(x1+ @a(x1))—C(x:) with respect to the output x,.° Denote by x5 and
x1 the equilibrium output of the follower and that of the leader, respectively, where x5= ¢@,(x").
Denote by X® the total output in the Stackelberg duopoly equilibrium, where X*=x}+x5.

The first-order condition for firm 2 to maximize 7. (x1, x2) = x2 P (x; + x2) —C(x2) with
respect to x, taking x: as given, is given by

PX%)+xiP(X%)— C'(x))=0. (5)

The first-order condition for firm 1 to maximize 7(x1, @2(x1)) =x1P(x:1+ @2(x1)) —C(x1) with
respect to x; is given by

PX)+xi {1+ ¢/ (x) P (XP)—C(x1)=0. (6)

Denote by 7i and 7}, i=1, 2, the profit of the leader and that of the follower in the
Stackelberg duopoly equilibrium, respectively. Since all firms are identical and compete in the
same product market by hypothesis, we have xi =x%, x| =x}, 7y =5, and 7} =75. So it will
suffice to explore firm 1’s side alone.

III.  Comparison of the Two Duopoly Equilibria

Let us now compare equilibrium properties of the Cournot and Stackelberg duopoly with
respect to outputs, profits, and welfare.

First, as for the results of comparison with respect to the equilibrium outputs and profits,
we have the following proposition:’

Proposition 1.

(a) In the case where —1< ¢,"<0 (that is, the follower's reaction function is downward
sloping and not so steep), x7>x{>x\ and w7 >7n{> ).

(b) In the case where 0< @, <1 (that is, the follower’s reaction function is upward sloping and
not so steep), T\ >y > 15 and x$>x\>xY; in the case where ¢ >1 (that is, the follower's
reaction function is upward sloping and so steep), T\ >y > T\ and x}>x7>xS.

(¢c) In the case where @' <—1 (that is, the follower's reaction function is downward sloping
and so steep), xi >xi >xy; wi > > 7wt if P(X°)—C'(xX")>0 and w7 > 7wt > 1) otherwise,
where x"is a number between xt and x\ such that C(x7)— C(x})=(x7—x)C'(x").

Proof. See Appendix Al. H

Intuition for the results in Proposition 1 can be explained as follows. As for Part (a),
which corresponds to the strategic-substitutes case (i.e., 0°72/0x,0x,<0), firm 1, by producing

® We can also consider the situation in which there exist one leader and n—1 (n=3) followers in the industry. The
followers cooperatively maximize the profit 7, with respect to their ‘joint' output x> = X /= x», taking the leader’s
output x; as given. Immediately, 72(x1, x2) =x2P(x1+x2) — C(x2) > L i=) ai(x1, x2) = X151 {xaP(x1+x2) — C(x2)} if and
only if C(X /5! x2) < X5 C(x2), that is, the joint’ cost of production is smaller under cooperation than under non-
cooperation. The followers™ reaction function ¢ (x) will be defined as usual. The leader, knowing ¢- (x;), non-
cooperatively maximizes the profit 7i(x1, @2(x1))=x1P(x1+ @a(x1))—C(x1) with respect to x;.

7 Okuguchi (1999) had the same results as those in Part (@) and the first case of Part (b) in Proposition 1, focusing
not on the elasticities €, 7, ¢ but on the slope of firm i's reaction function, i.e., the sign of ¢.".
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the output x; more, forces firm 2 to gain the marginal profit 07,/0x, less and to produce the
output x> less, which leads to xi>x{ and x5 >x5. Assuming gross substitutes (i.e., 07;/0x;=
x:P' <0 for i, j=1, 2, j#i), we have w1 >r{ and 75> 5. As for Part (b), which corresponds
to the strategic-complements case (i.e., 8°7./0x,0x, >0), in case 0< ¢, <1, firm 1, by
producing x; less, forces firm 2 to gain the marginal profit 07./0x, less and to produce the
output x, less, which leads to x<x{ and x5 >x5. Assuming gross substitutes, we have 7} >7f
and 75> 7).

Note that the results of comparison in Part (¢) are much different from those in Part (a),
both of which correspond to the strategic-substitutes cases, in that whereas the output of the
leader is the /argest in Part (a), it is the smallest in Part (c). This is because whereas the output
of the leader is larger than that of the follower if F-H-O condition is satisfied, this is not the
case if F-H-O condition is not satisfied. Likewise, as for Part (), the results of comparison in
the second case are much different from those in the first case, both of which correspond to the
strategic-complements cases, in that whereas the output of the Cournot player is the /argest in
the first case, it is the smallest in the second case. This is because whereas the output of the
Cournot player is larger than that of the Stackelberg leader if the follower’s reaction function is
not so steep, this is not the case if the follower’s reaction function is so steep.

Define consumer surplus by 1(X) ijP(Y)dY—P(X)X Write I°=I(X®) and I“=I(X°).
Then we have the following proposition:

Proposition 2.

(a) In the case where —1< ¢, <0, consumer surplus is smaller in the Cournot equilibrium
than in the Stackelberg equilibrium.

(b) In the case where 0< ¢, <1, consumer surplus is larger in the Cournot equilibrium than in
the Stackelberg equilibrium; in the case where ¢2'>1, consumer surplus is smaller in the
Cournot equilibrium than in the Stackelberg equilibrium.

(¢) In the case where @)’ <—1, consumer surplus is smaller in the Cournot equilibrium than in
the Stackelberg equilibrium.

Proof. See Appendix A2. ll

Intuition for the results in Proposition 2 can be explained as follows. X* > (resp. <) X°©
corresponds to P(X®) < (resp. >) P(X°), which corresponds to I > (resp. <) I'“. In other
words, the larger the total output in the industry, the lower the price of the good, and hence
consumer surplus is the larger.

Proposition 2 means that consumer surplus is smaller in the Cournot equilibrium than in
the Stackelberg equilibrium if the follower’s reaction function is downward sloping or if the
follower's reaction function is upward sloping and so steep. On the contrary, consumer surplus
is larger in the Cournot equilibrium if the follower's reaction function is upward sloping and
not so steep.

Define producer surplus by I1=7,+ .. Write II°= 77+ 75 = P(X*)X° — {C(x}) + C(x})}
and [I°=7n{+ 75 =P(X)X — {C(x7)+ C(x%)}. Then we have the following proposition:
Proposition 3.

(a) In the case where —1< @, <0 with n< —1/2 and =0, producer surplus is larger in the
Cournot equilibrium than in the Stackelberg equilibrium.
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(b) In the case where @, >0, producer surplus is smaller in the Cournot equilibrium than in
the Stackelberg equilibrium.

(¢) In the case where ¢,"<—1 with n<—1/2, producer surplus is larger in the Cournot
equilibrium than in the Stackelberg equilibrium, provided that x* > x*", where x* is a
number between xi and x\ such that C(x?)—C(xY)=(xi —x))C'(x*) and x** is a number
between x5 and x5 such that C(x5)— C(x})= (x5 —x5)C'(x*™).

Proof. See Appendix A3. [l

Proposition 3 means that producer surplus is larger in the Cournot equilibrium than in the
Stackelberg equilibrium if (1) the marginal revenue function is steeper than the demand
function, the marginal cost functions are non-decreasing, and the demand function is weakly
convex and less elastic. On the contrary, producer surplus is smaller in the Cournot equilibrium
if (2) the demand function is steeper than the marginal revenue function, the marginal cost
functions are non-decreasing, and the demand function is convex to some extent and less
elastic, if (3) the demand function is steeper than the marginal revenue function, the marginal
cost functions are decreasing, and the demand function is convex to some extent and elastic to
some extent, if (4) the marginal cost functions are steeper than the marginal revenue function,
the marginal cost functions are non-decreasing, and the demand function is strongly convex and
more elastic, or if (5) the marginal revenue function is steeper than the demand function, the
marginal cost functions are decreasing, and the demand function is weakly convex and elastic
to some extent, together with x* >x*7.

Define total surplus by Q=I"1+1I. Write 2°=1°+1II° and Q°=T°+1II°. Then we have
the following proposition:

Proposition 4.

(a) In the case where — 1<, <0, total surplus is smaller in the Cournot equilibrium than in
the Stackelberg equilibrium if C" 20, @2(x*)>x", and —1<—P//(P'—C")< ¢, if C"<0,
Q2(x*)<x*, and —P/(P'—C")<—1<¢y, or if C"20, ¢:(x")>x", and —1<¢,/ <—P/
(P—C"), where x* is a number between xt and xi such that 2 (xt) —8 (xf) =
(xr—xDQ(x").

(b) In the case where 0< @, <1, total surplus is larger in the Cournot equilibrium than in the
Stackelberg equilibrium if C" 20 and @2(x™)>x", or if C"<0 and @.(x*)<x"; in the case
where @,">1, total surplus is smaller in the Cournot equilibrium than in the Stackelberg
equilibrium if C" =0 and ¢-(x*)>x", or if C"<0 and ¢»(x™)<x".

(¢) In the case where ¢>'<—1, total surplus is larger in the Cournot equilibrium than in the
Stackelberg equilibrium if @(x™)<x*.

Proof. See Appendix A4. H

Proposition 4 implies that, as long as the follower’s reaction function is not so steep (i.e.,
| ¢2"| <1), the policy such that welfare is improved in behalf of consumers will be preferable.
That is, the policy such that the Stackelberg leader should be advantageous in the industry will
be preferable in case —1< ¢, <0, whereas the policy such that the Cournot player should be
advantageous in the industry will be preferable in case 0<< ¢, <1. On the contrary, as long as
the follower’s reaction function is so steep (i.e., | ¢>"|>1), the policy such that welfare is
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improved in behalf of producers will be preferable. That is, the policy such that the Stackelberg
follower should be advantageous in the industry will be preferable in case ¢, >1 and in case
(02, < - 1

IV. Concluding Remarks

In this paper we have compared equilibrium properties of Cournot and Stackelberg
duopoly with respect to outputs, profits, and welfare, focusing on whether F-H-O condition is
satisfied or not, provided that the second-order condition for the optimum is still satisfied. The
analysis can be extended to a case with symmetric more-than-two firms. We have pointed out
that the results of comparison depend on some conditions expressed in terms of the elasticities
of the cost and demand functions. In particular, we have shown that the case where F-H-O
condition is not satisfied exactly corresponds to the case where the marginal revenue function is
steeper than the demand function, the marginal cost functions are decreasing, and the demand
function is elastic to some extent, the case of which gives rise to different results from
Okuguchi’s (1999).

We have derived conditions for a first mover, a second mover, or a simultaneous mover to
be more advantageous than the others, those of which are expressed in terms of the elasticities
of the cost and demand functions. Conversely, given the Cournot and Stackelberg duopoly, will
the elasticities be estimated as those derived above? It is left to future studies to investigate this
problem.

APPENDIX

In this Appendix, we first introduce several lemmas, which we use in turn to prove the propositions.
It follows from (2) that

1+ ¢, (x)=F —C")/{(P"+x:P")+(P"—C")} >0 (resp. <0) as P"—C”"<0 (resp. >0). (A1)
It follows from (A1) and (6) that
PX%)—C'(x1)=—x {1+t ¢/ (xN}P'(X*)>0 (resp. <0)

as 14 2/(x)>0 (resp. <0), i.e., P —C’"<0 (resp. >0). (A2)
It follows from (5) that
P~ Cah= —xiP/(X%)>0. (A3)
It follows from (A2) and (A3) that
C'(x))—C' ()= {(xT—x2) +xip  (x)} P'(X>). (A4)

As for the left-hand side of (A4), since by the Mean Value Theorem there is some number x” between x}
and x5 such that C'(x7)— C'(x5)=(xi —x3)C’(x"), we obtain

EF—xD){P (XD —C'(X)} = —xT e (NP (X®). (AS)
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Putting x{=x5 into (A5), we obtain
sign(xt —x) {P'(X*) = C"(x')} =sign{g:/(x1)}. (A6)
In light of (A6), we have

(i) If P"—C"<0, then xi>x] (resp. xi<x) as ¢, <0 (resp. >0).

(i) It P'—C">0, then x}<x! as ¢, <0. (A7)

By the Mean Value Theorem, we have x5 —x5= ¢,(x7) — @2(x7) = (x7 —x7)¢>"(x°), where x° is a number
between x| and xf. Hence
X=X =(xf—xN+ S —xH) =@ —xD {1+ (x")}. (A8)
It follows that 7t — 7} = (x}—x")P(X®)— {C(x})— C(x})} and hence
ar— i = —xD){PX%)— C' (")}, (A9)
where x” is a number between xf and x| such that C(xT)— C(x})=(xi—x1)C'(x").
Consider Case (a) in Lemma 1. By the first part of (A7), since —1<¢, <0, we see that
Xr—xf > xi—xT=x—x5=@(x)) — @2(xN=(xT —x7) @, (x°), (A10)
whence (xF—x){1— ¢, (x")} >0, which implies that x} >x{. Hence x| <x{ by (A10). We see that
T =xP(xt+x5)—C(x})
<xP(x§+x5)—C(x}) since xi>x§
<xiP(xi+x5)— C(x?) since x7=x5 and x| =x3
<xTP(x{+x5)—CxY)=mn¥,

(All)

where the last inequality holds since xP(x;+x%)— C(x,) has a maximum at x,=x{. In like manner,

T =xTP(x{ + @(x7)) — C(x¥)
<xTP(xT+ @a(xF))— C(xY) since x5= @, (x1) <@a(x?) as xT>x7 (A12)
<xTP(xtt+x5)—Cxh) ==,

where the last inequality holds since x;P(x; +x5)—C(x) has a maximum at x; =x. If C"=0, then, since
X1 <x”<xT by the first part of (A7), C'(x1) <C'(x") <C'(x}). Taking into account (A2), we obtain P(X®)
—C'(x")ZP(X*)—C'(x)>0. Hence 7> 7} by (A9). On the other hand, if C” <0, then, since x} <x” <xf
by the first part of (A7), C'(x1) <C'(x”) <C'(x}). Taking into account (A3), we obtain P(X*)—C'(x")>
P(X®)—C'(x})>0. Hence we have 77>} by (A9).

Consider Case (b) in Lemma 1. By the first part of (A7), since ¢2">0, we see that

i —xF<xi—xT=x3—x5=@2(x1) — @2(x) = (x7T —x7) 02 (x°), (A13)
whence (xi —x7){1— ¢,/ (x°)} <0, which implies that x <xf if 0<<¢," <1 and x7>x} if ¢,">1. Hence by
(A13), x7<xf if 0< ¢, <1 and x| >x§ if ¢, > 1. First, if 0<¢,’<1, then we have

T =x{P(x{+x5)— C(xY)
<xTP(xi+x3)— C(x7) since xi<x{ and x7+x5=X*<X“=x{+x5 by (A8) (A14)
<x{P(xi+x5)—C(xh)=mi,
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where the last inequality holds since xP(x;+x5)—C(x)) has a maximum at x,=x}, and

T =xTP(xi - @a(x)) — C(xT)
<xTP(x§+ @a(xh)) — C(xY) since x5= @, (x1) <@a(x7) as xi<xf (A15)
<xTP(xi+x)—CEh ==k,

where the last inequality holds since x;P(x;+x5)—C(x) has a maximum at x, =xt. If C">0, then, since
x} >x">x} by the first part of (A7), C'(x})=C' (x")=C'(x}). Taking into account (A3), we obtain P(X®)
—C' ()= P(X%—C'(x1)>0. Hence i <7} by (A9). If C"<0, then, since x} >x">>x} by the first part of
(A7), C'(x)) <C'(x") <C'(x}). Taking into account (A2), we obtain P(X*) —C' (x")>P(X®)—C (x})>0.
Hence we have 7i <7} by (A9). Second, if ¢,’>1, then we have 7f <z, 7t <xi, and 7f <=} in like
manner.

Consider Case (c) in Lemma 1. By the second part of (A7), since ¢.'<—1, we see that x—x{ <x|
—xF=xi—x5 = @:(x1) — @2(x) = (xF —x) 2’ (x"), and hence (xi—x){1— ¢, (x")} <0, which implies that
x7<xf. Immediately, we have X°—X“=(xF—x9) {1+ ¢,/ (x")} >0 by (A8) and x| —xF=(xF—x) e, (x")
>0. Then

i =x1P(xt+x3)— C(xY)
<x{P(x§+x5)— C(x}) since xt+x5=X>X =x{+x{ by (A8) (A16)
<x{P(xf+x5)—C(xf)=n¥,

where the last inequality holds since xP(x;+x%)— C(x:) has a maximum at x;=x{, and

Tr=xTP(xT+ @a(x1))— Cxh)
<P+ @a(xD)) — C(x'h) since @a (x1)> @a(x7)=x5 as xT<xf (A17)
<xTP(xf+x5)—C(xY)=n¥,

where the last inequality holds since xP(x; +x5)—C(x;) has a maximum at x, =xf. Since C"<0 and x}
<x"<x! by the second part of (A7), C'(x7)>C (x") >C (x}). Taking into account (A2) and (A3), we
obtain P(X®*) —C (x}) > P(X*) — C (&) >P(X*) — C (x}), where P(X*)—C'(x}) >0 and P(X®)—C (x}) <0.
Hence by (A9), we have i<z if P(X*)—C'(x")>0 and 7> 7} if P(X*)—C'(x")<0.

In summary, we have the following result:

Lemma 2.

(@) In Case (a) in Lemma 1, x7>x7>x\ and 77> 75> 7).

(b) In Case (b) in Lemma 1, T\ > > 75, xi>xi >xt if 0<¢y <1 and x{ >x7>x7 if ¢/ >1.

(¢) In Case (c) in Lemma 1, x| >x{>xt; 5> 7wt >nt if P(X®)—C'(x")>0 and 75> 7wt > 7} otherwise,
where x” is a number between x' and x\ such that C(x7)— C(x})=(x7—x)C'(x").

We have the following lemma:

Lemma 3.

(a) In Case (a) in Lemma 1, X*>X°.

(b) In Case (b) in Lemma 1, X*<X° if 0<¢,’<1 and X*> X if ¢/ >1.
(¢) In Case (c) in Lemma 1, X*>X°.

Proof. Remember that —1< ¢,"<0, ¢,">0, and ¢,"<—1 in Case (a), Case (b), and Case (¢) in
Lemma 1, respectively. Then the proof is immediate by (A8) and Lemma 2. [l



126 HITOTSUBASHI JOURNAL OF ECONOMICS [December

Al. Proof of Proposition 1 The proof is immediate from Lemma 2 since —1< ¢,"<0, ¢.">0, and
¢y <—1 in Case (a), Case (b), and Case (c) in Lemma 1, respectively. ll

A2. Proof of Proposition 2 By the integral by parts we have I'(X) = j‘ff {—YP' (Y)} dY>0. Note that
{I(X)}Y=—XP'>0. As for Part (a), since X*>X° by Lemma 3, —X°P'(X*) > — X“P'(X). Hence [*=
(X% >T(X)=T°. As for Part (b), X*<X° if 0< ¢, <1 and X*>X° if ¢,’>1 by Lemma 3. Hence I°<
Icif 0<¢,’<l1 and I®>T°if ¢,’>1. As for Part (c), since X°>X° by Lemma 3, —X°P'(X*)> —XP’
(X). Hence I°>T, as desired. Il

A3. Proof of Proposition 3 It follows that IT°— II° = (z} — x¥) + (75 — 75), where, by way of the Mean
Value Theorem,

i — 7§ =PX )t — P(X)xf — {C(x1)— C(xF)}
= —xD{PXY) = C'(x )} FxT{PX) = P(X)},

where x* is a number between x} and x{ such that C(x})— C(x?)=(xF—xHC'(x¥), and

5 — 5 = P(X®)xi — P(X)x§ — {C(x}) — C(x5)}
=S —xH{PXD— C'(x )} +xS{PX®) — P(XO)}
=i —xD) e/ () {PUX°)—C'(x ")} +x5 {PX") — P(XO)},

where x** is a number between x5 and x§ such that C(x5)—C(x$)= (x5 —x5)C'(x*"). By using P(X®)—
P(X%)=(X*—X°)P'(X"), where X° is a number between X° and X, together with X°—X°=(x{—x) {1+
0/ (x°)}, we have

IP—II°=(xi—xH[PX)— C(x ")+ XP (X)) + 0/ ") {PX) — C'(x ")+ XP(X)}]. (A18)

Remind that concerning the slope of the follower’s reaction function, —1<¢," <0 in Part (a), ¢.">0
in Part (b), and ¢,’<—1 in Part (¢) in Proposition 1.

As for Part (a) in Proposition 3, first note that xt > x{, and hence X°>X° (> X®) by Lemma 3. If
C"20 (i.e., £=0) then, since x; <x** and hence C'(x)<C'(x*"), we obtain

POC)—C () +XP (X
<P — C(H+HXP (X)) = —x P (X +FXP(XY) (by (A3))
< =[P+ XP ) if P7>0 (e, n<—1/2)
= {(xf—xD)+x51P'(X*)<0.
Therefore, since C” >0, ¢, >—1, and x* >x*", we obtain
PX%)—C(x")+XP XY+ @)/ () {PX°)—C'(x" ")+ XP (X))}
<P —C () +XP(X) — (P — C )+ XP (X)) = Clx ) — C(xH) <.
Hence IT°<II® by (A18).
As for Part (b), the proof is immediate from Proposition 1: II°*=r+ 75> [I°=n{+xs.
As for Part (c), first note that xt <x¥f, and hence X*>X° (>X°). Since C"<0 (i.e., £<0), xF<x*7,
and C'(x1)>C'(x*), we obtain
POC)—C (e )+ XP (X
<PX3—C(xN+XP XY= —xT{l+ ¢,/ PX)+XP X (by (A2))
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< —xH1+ 0/ (YP(XP)+XP(XY) if />0 (e, 1< —1/2)
={(xT—xD)tx5 —xt (xNP (X% <0.

Therefore, if x™ >x*" then, since ¢’ <0 and ¢, <—1, we obtain
PX)—C'(x ")+ XP X))+ ¢ ) PXP)— C(x )+ XP (X))}
>P(X%)— C'(x ")+ XP (X)) — {P(X5)— C'(x* )+ XP (X))} = C(x ") — C'(x ") >0.
Hence II°<II® by (A18). This completes the proof of the proposition. Il

A4. Proof of Proposition 4 We can write total surplus as Q(x|)=jf](P(Y)dY —C(x1)— C(¢2(x1)), where X=
x17F @a(x1). It follows by the Mean Value Theorem that

Q)= =(xF —xHQ'(x ™), (A19)
where x* is a number between x| and x{ and

2 (x)= @ () {PX) — C'(@2x1))} T {PX)— C'(x1)}.
Note that

{P(X1+§02(X1))_C/((,02(X1))}/:(pz,(P/—CV/)+P/>O (resp. <O)

as (i) @/ <(resp. >) —P'/(P'—C") if P —("<0,

or (ii) @' >(resp. <) —P'/(P'—C") if PP—C">0,
—P/(P—C")=(resp. <) —1as C"=0 (resp. <0) if P—C"<0,
—P/(P—C")>0if PP—C">0.

As for Part (a), first note that P’ —C” <0 and xf <x* <x}. If C"=0 and —1<—P/(P—C")< ¢,
then {P()—C ()}’ <0, whence P(x* + ¢2(x ) — C (@2(x*)) > Pt + 02(rh) — C (02(x1)) >0 by (A3).
Then we see that

Q)= @l ()P +a(x ")~ C@a(x N+ {PE T+ 0a(x ™) — C(x ™)}
> = {P*+0ax ") = C(@a(x N} PO+ 0a(x ™) = C(x ™)} = Ca(x ") — Cx ),

the last inequality of which is>0 if ¢,(x*)>x". On the other hand, if C"<0 and —P/(P'—C")<—1<
@2, then {P()—C'()}' <0, whence P(x ™+ ¢a(x ) = C'(@2(x ™)) > P(xi + ¢a(x1)) = C'(92(x1)) >0 by (A3).
Then we see that

Q)= @l ()P +a(x ")~ C@a(x N} {PE T+ 0a(x ™) — C(x ™)}
> = {P*+0a(x ") = C(@a(x N} PO+ 0a(x ™) = C(x ™)} = Clga(x ") — Cx ™),

the last inequality of which is>0 if @,(x™) <x™. If C"=0 and —1<¢,'<—P/(P"—C"), then {P(.)—
C'()} >0, whence P(x ™+ @a(x ™)) — C'(0ax ) > P(xT+ @a(x7)) — C'(02(xF)) >0 by (1). Then we see that

Q)= @l ()P +a(x ")~ C@a(x N} + {PE T+ 0a(x ™) — C(x ™)}
> = {Pa*+0a(x ") C(@a(x NPT+ 0a(x ™) = Cx ™)} = Clga(x ") —C(x ™),

the last inequality of which is>0 if ¢.(x*)>x". In those three cases, we have 2°=0(x})>Q(xf)=Q°
by (A19).

In like manner, as for Part (b), we have 2°<.0Q in case 0< ¢, <1 and 2°>Q° in case ¢,">1 by
(A19) if C"20, P’—C"<0, and @.(x*)>x", or if C"<0, P’—C"<0, and ¢,(x*)<x™; as for Part (c), we
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have 2°<Q° by (A19) if @(x*)<x™. This completes the proof of the proposition. Il

Remark. Tt follows by the Mean Value Theorem that ¢.(x) —x= ¢,(0) +x{¢,'(x*)— 1}, where 0<x* <x.
Hence ¢.(x*)>(resp. <) x* as @,/ (x*)> (resp. <) 1+ {P(¢:(0))— C'(¢2(0))}/x* P (¢,(0)). For example,
we have @ (x™)>x™ if ¢2">1 and @a(x*)<x™ if ¢’ <1 with x* sufficiently large.

REFERENCES

Brander, J. A. (1995), “Strategic Trade Policy,” in Handbook of International Economics, vol.
3, North-Holland.

Brander, J. A., and B. J. Spencer (1984), “Trade Warfare: Tariffs and Cartels,” Journal of
International Economics, vol. 16, pp. 227-242.

Burger, E. (1963), Introduction to the Theory of Games, Prentice-Hall.

Chuman, E. (2008), “Stability and Instability of the Cournot Equilibrium,” Australian Economic
Papers, vol. 47, pp. 259-263.

Chuman, E. (2009), “Stability and Instability of the Cournot Equilibrium: Erratum,” Australian
Economic Papers, vol. 48, p. 103.

Fisher, F. M. (1961), “The Stability of the Cournot Oligopoly Solution: The Effects of Speeds
Adjustment and Increasing Marginal Costs,” Review of Economic Studies, vol. 28, pp. 125-
135.

Frank Jr., C. R., and R. E. Quandt (1963), “On the Existence of Cournot Equilibrium,”
International Economic Review, vol. 4, 92-96.

Friedman, J. W. (1977), Oligopoly and the Theory of Games, North-Holland.

Gal-Or, E. (1985), “First Mover and Second Mover Advantages,” International Economic
Review, vol. 26, 649-653.

Hahn, F. H. (1962), “The Stability of Cournot Oligopoly Solution,” Review of Economic
Studies, vol. 29, pp. 329-331.

McManus, M., and R. E. Quandt (1961), “Comments on the Stability of the Cournot Oligopoly
Model,” Review of Economic Studies, vol. 28, pp. 136-139.

Al-Nowaihi, A., and P. L. Levine (1985), “The Stability of the Cournot Oligopoly Model: A
Reassessment,” Journal of Economic Theory, vol. 35, pp. 307-321.

Okuguchi, K. (1964), “The Stability of the Cournot Oligopoly Solution: A Further
Generalization,” Review of Economic Studies, vol. 31, pp. 143-146.

Okuguchi, K. (1976), Expectations and Stability in Oligopoly Models, Springer-Verlag.

Okuguchi, K. (1999), “Cournot and Stackelberg Duopolies Revised,” Japanese Economic
Review, vol. 50, pp. 363-367.

Seade, J. (1980), “The Stability of Cournot Revisited,” Journal of Economic Theory, vol. 23,
pp. 15-27.

Shapiro, C. (1989), “Theories of Oligopoly Behavior,” in Handbook of Industrial Organization,
vol. 1, North-Holland.

Takayama, A. (1986), Mathematical Economics, 2nd edition, Princeton University Press.

Theocharis, R. D. (1960), “On the Stability of the Cournot Solution on the Oligopoly Problem,”
Review of Economic Studies, vol. 27, pp. 133-134.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


