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Abstract

We consider an industry where related products are produced by
Oligopolistically competitive firms having symmetric opportunity to use
strategic cost-reduction investment. Both in the case of Cournot-Nash
quantity competition and Bertrand-Nash price competition, we derive a
necessary and sufficient condition for the strategic commitment to be
socially excessive or insufficient at the margin. It is shown that the
commitment is socially insufficient in the normal case of Bertarand-Nash
competition, whereas the commitment is likely to be socially excessive
in the normal case of Cournot-Nash competition and the likelihood increases
as the number of firms in the industry increases.



1. Introduction

Is there any intrinsic reason to expect that the oligopolistic
competition will generate an excessive or insufficient commitment to cost-—
reduction investment in the aggregate? This question is a matter of great
interest and subtlely, around which many contributions appeared recently.1
The central issue has been that the strategic considerations may motivate
oligopolistic competitors to overcommit themselves to cost-reduction investment
in order to deter rival's entry and/or aggressiveness.

Most of the preceding contributions are commonly concerned with the two-
stage game of oligopolistic competition. In the usual set up, the firms make
strategic commitment to cost-reduction investment in the first-stage fully
anticipating the equilibrium to be established in the second—stage, in which
either quantity or price competition takes place.2 But deep cleavage develops
in the litgrature from that point on.

(a) Some are concerned with the commitment of the incumbent firm in the
face of a potential entrant (Bulow, Geanakoplos and Klemperer [3], Dixit [4],
Fudenberg and Tirole [8], Spulber [18], among others), whereas others are
concerned with the competition among symmetrically situated incumbent firms
using cost-reduction investment as the first-stage strategic variable (Brander
and Spencer [2], in particular).

(b) To bring in a verdict of excessiveness/insufficiency of investment,
some use as a benchmark the investment level voluntarily chosen in the absence
of strategic considerations (Brander and Spencer [2, Sec. 2], Bulow,
Geanakoplos and Klemperer [3], Fudenberg and Tirole [8], among others),
whereas others invoke the social welfare attainable in the absence of
strategic considerations as the benchmark (Brander and Spencer [2, Sec. 3]).

In this paper, we are concerned with an industry where related products



are produced by n oligopolistically competitive firms where 2 { n < + =,
which are endowed with the symmetric opportunity to use strategic commitment to
cost-reduction investment. We examine whether these investments are socially
excessivé or insufficient from the viewpoint of social welfare. In the
symmetric treatment of competing firms as well as in the use of social welfare
benchmark, we follow Brander and Spencer [2], but with three essential
differences. First, Brander and Spencer [2] obtained the result that

excessive cost-reduction investment may occur In the two-stage model of

duopoly, so that the problem of social excessiveness/insufficiency of commit-—
ment is not related to the number of firms in the industry. In contrast, we are
interested in knowing whether the socially excessive/insufficient investment is
more or less likely as there are more oligopolistic competitors involved.3
Second, Brander and Spencer [2] considered only Cournot-Nash quantity
competitiop in the second-stage game, whereas we are examining both Cournot-
Nash quantity competition and Bertrand—Nash price competition.4 This seems to
be of importance, since the form of competition in the second-stage game may
exert serious influence on the social excessiveness/insufficiency thesis.
Indeed, if firms compete through prices, it is shown that there exists

underinvestment, rather than overinvestment, more often than not. Third, to

provide clearer economic sense of our social welfare-theoretic
excessiveness/insufficiency thesis, we invoke the concept of strategic

substitutes and strategic complements introduced by Bulow, Geanakoplos and

Klemperer [3], which classifies products in accordance with whether more
"aggressive' play by one firm in a market lowers or raises competing firm's
marginal profitabilities in the market. This seems worthwhile in view of the
well-substantiated assertion that 'the choice of strategic assumption

(strategic substitutes or complements) is the crucial determinant of the



results of many oligopoly models (Bulow, Geanakoplos and Klemperer [3, pe
490])".3

Both in the case of Cournot-Nash quantity competition and Bertrand-Nash
price competition in the second-stage game, we will provide a necessary and
sufficient condition for the commitment to be socially excessive/insufficient at
the margin. As an implication of our analysis, we can assert that the cost-

reduction investment is always socially insufficient at the margin if products

are strategic complements and ordinary substitutes irrespective of the form of

second-stage competition. Therefore, the socially excessive investment can

surface only when strategic substitutes prevail. Note that products are more

likely to be strategic substitutes (resp. strategic complements) in the case
of quantity (resp. price) competition.

An important special case in which the socially excessive investment does
obtain is the case in which products are strategic substitutes and
homogeneous, and Cournot-Nash competition prevails in the second-stage game.
This special case is of importance especially for the following reason. In
the postwar period, the Japanese government tried to intervene the industrial
organization of some industries in the name of preventing "excessive
competition in capacity investment'. The industries in which the so-called
"excessive competition" allegedly prevailed were characterized by the
following features:® (1) The product of the industry is homogeneous; (2)
The production in this industry necessitates a prior commitment to fixed
productive capacity; (3) The industrial organization is oligopolistic, and
the strategic consideration does play an essential role. Our excessive

commi tment thesis suggests that the "excessive competition" in terms of social

welfare can indeed occur in an industry characterized by the above features

despite the fact "a widespread belief that increasing competition will



increase welfare (Stiglitz [19, p. 184])" strongly dominates.

The plan of the paper is as follows. Our model of the two-stage game of
oligopolistic competition is expounded in Section 2. In Section 3, we
introduce Bertrand market surplus function and Cournot market surplus function
as our welfare criteria, and establish, in each case, a necessary and sufficient
condition for the strategic commitment to be socially excessive/insufficient at
the margin. Section 4 is devoted to the Cournot-Nash competition and
establishes our socially excessive commitment thesis. Section 5 concludes the
main text with a couple of clarifying observations. Three appendices are
added at the end of the paper. Appendix A shows that our model satisfies the
so-called diagonal dominance property, whereas Appendix B derives the
stability condition of our model. In Appendix C, we compare the level of
strategic cost-reduction investment directly with the socially optimal level
in order tq illustrate a global, rather than a marginal, version of the

excessive commitment thesis.

2. The Model

2.1. Consider an industry in which n firms (2 {n< +°) are
producing related products. It is assumed that firms are engaging in the two-—
stage game of oligopolistic competition. In the first-stage, each firm makes
strategic éommitmenc to cost-reduction investment fully anticipating the
equilibrium to be established in the second-stage, where firms compete with
each other in the product market. The strategies in the second-stage are
either quantities or prices. The equilibrium concept we work with is that of
Nash throughout. Therefore, the equilibrium of the second—-stage game is
either Cournot-Nash equilibrium (in the case of quantity competition) or

Bertrand-Nash equilibrium (in the case of price competition), and that of the



whole game is subgame perfect equilibrium.
2,2, Assume that the utility function of the representative consumer

takes the form

U(x,y) =u(x) +y (1)

where x = (xl’XZ""’Xn) € nﬁ and y € R denote, respectively, the
consumption vector of the products of this industry and the consumption of the

competitively produced numeraire good. Let the budget constraint be given by

pjx. +y =M, (2)

where pj is the price of product j and M 1is income. Let (x*,y*) be
defined as the maximizer of (1) subject to (2). Assuming twice continuous
differentiability of u(x) and interior optimum, we may easily verify that x*
is independent of M, so that we may write (x*.y*) = (x(p), y(p,M)), where
+

P = (Pl,Pzg-“’Pn) € ]Ie]

Let the indirect utility function be defined by

V(p,M):

i

U(x(p), y(p,M))

u(x(p)) + y(p,M)

~M 3

u(x(p)) - pjxj(p) + M,

3=

where xj(p) is the j-th component of x(p). To simplify notation, define

n

v; (@) = ux(p)) - Zj=1 pjxj(p). Then we have



v =g v = - ) @ = L2000, (3)

which is nothimg other than the Roy's identity in our model. To derive (3),

we need the first-order condition

ui(x(p)): =-5%——u(x(p)) =Py {4 =1,2,...,n). (4)
i

Throughout this paper, we assume that u(x), hence v(p), is symmetric

and that the products are ordinary substitutes, viz.,

2
uij(x): V=—a‘;{'i‘§~;(—j~l1(1) <0 (i,j = 1,2,...,11). (5)
It follows that
vi (@) + (D) v () >0 (@ # 3, 4,3 = L,2,eem)  (6)

holds, where vij(x(p)): = (az/axiaxj) vix(p)) ({,j =1,2,...,n). The

property (6), to be called the diagonal dominance, will be proved in Appendix

A. We will also assume that

VN B |
x;(p): -————api x (p) <O
(7)
X (p): = o xT(p) > 0 (1#7)
h| 3pj

for all i,j =1,2,...,n, which is another way of defining ordinary sub-

stitutes. It will be shown in Appendix A that (5) must be strengthened into



uii(x) < uij(x) <0 (i*j; 1,3 = 1,2,.04,n) (5%)

in order that (7) holds.

2.3. To formalize our two-stage game structure in a compact form, let
S denote the strategic variable of firm i 1in the second-stage game. In
the case of quantity competition 85 stands for q > the quantity produced
by firm 1, whereas 8y stands for P> the price of product produced by
firm 1, 4in the case of price competition. The strategic variable of firm
i in the first-stage game is denoted by Ki’ to be called cost-reduction
investment of firm 1i.

Let the second-stage cost function of firm {1 be given by C(qigKi),

assumed to be twice continuously differentiable. We will write

Cq(qi;Ki) = (3/3qi) C(qi;Ki) and qu(qi;Ki) = (leaqi) C(qi;Ki). Likewise,
other first-order and second-order partial derivatives will be denoted as
CK(qi;Ki)’ CqK(qi;Ki) and Cypy(q;;K;). Throughout this paper, we assume that
Cq(qi;Ki) 2 0, Cplq,;K,) <0, qu(qi‘Ki) 2 0, CyglqysK;) > 0 and

2 .
CqK(qi’Ki) < 0 hold for all (qi’Ki) € R .. Thus, marginal cost is always
non-negative and non-decreasing in output. Furthermore, the investment is
cost-reducing at a decreasing rate, and larger investment always decreases
marginal cost.

The second-stage payoff of firm 1 may be written as

3
[E— -— .K _
®1 35, (s) - C(s;5Ky) if Cournot-Nash

"i(s;Ki) =
9

- - (- 9 . . -
s, { 5§;-w(s)} c( 331 w(s); Ki) if Bertrand-Nash,



where w(s) 1is defined by

u(q) if Cournot-Nash
w(s) =

v(p) 4if Bertrand-Nash.

Let g*(K) denote the second-stage Nash equilibrium when the investment
profile K = (KI’KZ""’Kn) is parametrically given. Then the first-stage

payoff of firm 1i 1s given by
i 1 ,
I (K) =m (S*(x)a Ki) - Ki)

assuming that the cost-reduction investment Ki is measured by the fixed
expenditure for equipment installation. Let K* denote the first-stage Nash
equilibrium, so that (K*; s*(K*)) 1is the subgame perfect equilibrium of the
two-stage game. Our concern is whether K* represents a socially
excessive/insufficient commitment from the point of view of social welfare.
Throughout this paper, we assume that the second-stage Nash equilibrium
is symmetric, viz., s;(K) = sg(K) holds for all i, j =1,2,...,n ‘if the
investment profile K = (Kl’KZ”°"Kn) is symmetric, so that we obtain
Ki = Kj (1,5 = 1,2,...,n). The first-stage Nash equilibrium is also assumed
to be symmetric, viz., Kg = K; for all 1i,j =1,2,...,n.
2.4. Assuming interior second-stage Nash equilibrium, s*(K) is

characterized by

5%;—ni(s*(l); Ki) =0 (i

1,2,..4,n). (8)

Differentiating (8) with respect to Ki and Kh (h # 1), we obtain



7 8% nl(s*(K); K. ) » =0 s%(K) +~,§i__,,i(s*(x)‘ K) =0  (9)
j=1 Bsiasj i ) ;3 SsiaK1 i
(1 =1,2,...,n).
and
n 32 i d
— * . ¢ e g% =
.z 55 95 " (s*(K); Ki) Ye sj(K) 0 (10)
j=1 i 73 h

(1 =1,2,.0.,n; h # 1).

In view of our assumption of symmetry, we can define the following three

variables independent of indices, i and j:

32 i
a(K): = 5 1 (s*(K); K))
asi
2 i
B(K): =m's——" (s*(K); Ki) i+ 3
i3
and
82 i
V(K): = g (8*(K); K, ).
i i

By virtue of the second order condition, a(K) < 0 holds. Throughout the
rest of this paper, the sign of B(K) plays an important role. We say,
following Bulow, Geanakoplos and Klemperer [3], that products are strategic

complements (resp. strategic substitutes) if B(K) > 0 (resp. < 0).7

Finally, the sign of Y(K) hinges on the type of competition in the second-

stage. In the case of quantity competition, we obtain
Y(®) = - €y (ay (K); Rp) >0, (11)

whereas in the case of price competition, we obtain
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() = - @) - e R K,
i

which 1is negatiwve in view of (7).

Our assumption of symmetry also allows us to define

and

3

8(K): =§'R:S.’].*(K) 1 +# i)
w(K): = m?(.. s (K)
i

without specifying the indices of firms.

Using this notation, we may rewrite (9) and (10) as

and

which can be

and

where A(K):

a(K)w(K) + (n-1) B(K)B(K) + Y(K) =0

a(K)8 (K) + (n-2) B(K)8(K) + B(K)w(K) = 0,

solved for 9(K) and w(K) to obtain

o(K) = QIR

o(K) = - 1o(K) + gr(xi-;.)B(K)}Y(K) ,

(12)

= {a(K) - B(K)}{a(K) + (n-1)B(K)}. A(K) is positive by virtue

of the stability condition for the second stage Nash equilibrium derived in

Appendix B.

The sign of (13) and (l4), which is crucial for the following analysis,

depends on the type of competition as well as on the strategic relatedness of
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the products. Consider, first, the case of quantity competition. By virtue of
the stability condition and the sign of a(K), B(K) and v(K) found above,
6(K) > 0 (resp. < 0) if and only if strategic complements (resp. strategic
substitutes) prevail, whereas w(K) > 0 holds no matter what. Next consider
the case of price competition. Invoking the stability condition and making
use of (12) instead of (l1), we conclude that 6(K) < O (resp. > 0) if and
only if strategic complements (resp. strategic substitutes) prevail, whereas
w(K) < 0 holds no matter what. For the sake of easy reference, these results
are summarized in Table 1(a) and Table 1(b), respectively.

Finally, assuming interior first-stage Nash equilibrium, the equilibrium

investment profile K* is charécterized by

O nlksy =0 (4 = 1,2,...,n),

Ky

which completes the description of our model.

3. Social Welfare and Strategic Cost-Reduction Investment

3.1. If there were omnipotent government, the "first-best" policy in
relation to this oligopolistic industry would be to control all of the number
of firms in the industry, the level of cost-reduction investment of each and
every firm, and the level of output or price of each and every firm, so that
the net market surplus is maximized. Such a government never exists in
reality, and our evaluation of the social excessiveness/insufficiency of
strategic cost-reduction investment should be baséd on a "second-best"
performance criterion that has at least some empirical relevance. Our
contention is that the oligopolistic quantity/price competition in the second-

stage is something which lies beyond the controlling power of the government,
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and we ask whether the strategic cost-reduction investment in the first-stage
is socilally excessive/insufficient from the viewpoint of such a '"second-best"
government.

3.2, 1In the case of price competition in the second-stage, such a

"second-best" welfare criterion is provided by what we call Bertrand market

surplus function:

WB(K):

u(x(p*(K))) -
3

[[I =]

n .
p*(K) xJ (p*(K)) + L T3 (K)
1 j=1

n
v(p*(K)) + & mI(K), (15)
j=1

viz., the sum of consumer's surplus and profits.
We are interested in the sign of (3/3Ki)WB(K*). If it is positive

(resp. negative), a marginal increase (resp. decrease) of Ki from the

equilibrium level K; increases the value of Bertrand market surplus

function, so that the equilibrium level of investment is socially insufficient
(resp. excessive) at the margin.

Differentiating (15) with respect to K, and evaluating at K*, we

i
obtain
3 B owsy = nBrwx B e
§fz'w (K*) Di(K ) + Si(K ), (16)
where
B n i P 3
Di(K*): = L {p*(K*) - CJ(K*)} I 3T X (p*(K*)) o Y4 pﬁ(K*) (17)
j=1 d h=1 °Ph i
and
sB(kr): = - ¢ (xL(pr(R*)),Kk¥) - 1
i K |



]

- (pp(Re) -l I gkl (pr(Re)) ¢ g p(RY),  (18)
j*i j i

and Ci(xﬁ): Cq(xj(p*(l*));Kf) for short. Note that D?(K*), the

distortion effect, is the familiar sum of marginal distortions that an

increase of Ki creates in each market, whereas S?(K*), the strategic
effect, is the term which would be zero in the absence of strategic
considerations. As we shall show below, distortion effect creates incentive
to reduce investment regardless of the type of product and of competition. It
is the strategic effect which sometimes creates incentive to invest in
excessive magnitude.

Using symmetry and (3), we can reduce (17) into

DY (R¥) = = {pH(R%) = CL(R*)}Hvy; (p*(KX)) + (n=D)v, (p*(R%))} T(K#), (19)

i]

where 1 # j and

T (K*):

w(K*) + (n-1)6 (K*)

_ Y(K*)i%éi;) - o (K*)} (20)

by virtue of (13) and (14). Invoking (6), (l1) and the stability conditions,
we may conclude that D?(K*) > 0, wviz., the distortion effect always
generates socially insufficient cost-reduction investment at equilibrium.

On the other hand, (18) can be similarly reduced into

Sy (K%)= {pX(Rx) = C_ (&)} (n=1)8 (R*)v, , (p*(K¥)), (21)
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where i # j. By virtue of Table l(a), (3) and (7), we may conclude that
S?(K*) > 0 (resp. < 0) if products are strategic complements (resp. strategic
substitutes). These results are summarized in Table 2(a).

In the present case of Bertrand-Nash price competition, it would normally

be the case that products are strategic complements.8 Both D?(K*) and

S?(K*) are then positive, and we obtain:

Proposition 1: Suppose that Bertrand-Nash price competition prevails in the

second-stage and that products are strategic complements. Then the

equilibrium cost-reduction investment is socially insufficient at the margin

from the viewpoint of social welfare.

Thus the socially excessive cost-reduction investment at the margin,
which Brander and Spencer [2] pointed out in the context of Cournot-Nash
duopoly, does not normally surface in the context of Bertrand-Nash oligopoly.

What if products are strategic substitutes? Substituting (19) - (21)

into (16) and noting Table 1l(a):

Proposition 2: Suppose that Bertrand-Nash price competition prevails in the

second-stage and that products are strategic substitutes. Then the

equilibrium cost-reduction investment is socially insufficient, optimal, or

socially excessive at the margin if and only if

v, ) § 33 (v (R + (am1) vy (p*E)).

Since the case covered by Proposition 2 does not seem to be typical, we

refrain from exploring its implications any further.
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3.3. Suppose instead that the quantity competition prevails in the

second-stage. A "second-best" welfare criterion in this case is defined by

i |
W = u(@s®) - I {C@iEK) + K, | (22)

j=1

which we call Cournot market surplus function.

Differentiating (22) with respect to Ki and evaluating at K*, we

obtain
3 .C _C C
5§;~w (R¥) = D/(K*) + S/(K*), (23)
where
€ (R*): = T j 3
C(R*¥): = T {u, (q*(K*)) - C(K*)} =—— q*(K*) (24)
it . j q oK, 7]
j=1 i
and
SC(R*) = — q#(K*) T u, . (q*(K*)) ~o— q*(R*) (25)
i i j#1 ij BKi j

and  CI(R*): = C (q*(K*);K%).
q q (a3 (K*) D)
Under our assumption of symmetry, (24) is reduced into
Cigx) = - *(K* * (K* *
pS(R*) = - u (@*(R¥)) q*(R¥) T (K*), (26)
which is positive in view of (5), (11), (20) and the stability condition. In
this case as well, the distortion effect unambiguously generates socially

insufficient cost-reduction investment at equilibrium.

On the other hand, (24) can be reduced into



-16-
S{(KK) = = (n=1)8 (K%) qR(K*)u, | (q*(K*)) (27)

under symmetry, where i # j. By virtue of Table 1(b) and (5), we conclude
that Si(K*) > 0 (resp. < 0) if products are strategic complements (resp.
strategic substitutes). These results are summarized in Table 2(b).

If quantity competition prevails in the second stage, the normal case
would be the one where products are strategic substitutes.9 However, it is
the case of strategic complements that the sign of (a/aKi) WC(K*) is

unambiguous, and we obtain the following:

Proposition 3: Suppose that Cournot-Nash quantity competition prevails in the

second-stage game and that products are strategic complements. Then the

equilibrium cost-reduction investment is always socially insufficient at the

margin from the viewpoint of social welfare.

In the normal case of strategic substitutes, we may substitute (26) and
(27) into (23) to obtain
3

C _ uij (q*(x*)) B Q(K*)
gﬁ;‘w (K*) = - qi(x*)uii(q*(x*))e(x*){l + (n‘l) uii(q*(x*)) B(K*) )

where (13) and (l4) are utilized. Invoking Table 1(b) and (5), we obtain:

Proposition 4: Suppose that Cournot-Nash quantity competition prevails in the

second-stage game and that products are strategic substitutes. Then the

equilibrium cost-reduction investment is socially insufficient, socially

optimal, or socially excessive at the margin if and only if




uy y (q*(R%))
TCHCD

a (K*)
B(K*) °

1 + (n-1)

VA

(28)

We are particularly interested in the possibility of socially excessive
investmeﬁt at the margin. In the next section, we further investigate the
condition (28) in order to clarify the likelihood of such a phenomenon to
surface. We investigate (28) by analyzing several special yet important

cases. Interpretation of these results must await Section 5.

4. Socially Excessive Investment Thesis
4.1. Consider first the case where the inverse demand function
P; = ui(q) (1 =1,2,...,n) 1is linear. We can readily verify that
= * — % . = * .
a(K) = 2u., (q*(K)) qu(qi(K), K;) and B(K) uij(q (K)) hold in this
case. Then the necessary and sufficient condition for socially excessive

investment'boils down to

*(K*):K*
Cqq (T3 (R®);K

-1 <2 {(a-1)? - 2,
u, ., [o]
1]

where u = uij(q*(l#)) <0 and p: = uij(q*(xﬁ))/uii(q*(K*)) > 0 are

ij°
constant by the assumption of linearity. Note that 0 < p < 1 holds by
virtue of (5%). Note also that ¢(p): = {(n—l)p2 - 2}/p is an increasing

function of p and that ¢(p) + n -3 as p + 1. Thus:

Proposition 5: Suppose that Cournot-Nash quantity competition prevails in the

second-stage game, products are strategic substitutes, and the inverse demand

functions are linear. Then the cost reduction investment is more likely to be

socially excessive at the margin if (a) the larger is the number of firms

n, (b) the smaller is the slope of the marginal cost function at equilibrium,




qu(q;(K*);Kf), and (c¢) the larger is p, hence products are more

substitutable.

4.2. Consider second the case of Cournot-Nash competition with strategic ~

substitutes, where output is physically homogeneous. Let the inverse demand

n

function be p = f(Q), where Q: = Zj=1 qj,

with f'(Q) < 0 for all Q>0
such that f£(Q) > O. Assume further that the cost function C(qi;Ki) is
separable, so that C(qi;Ki) = C(Ki)qi with c(Ki) > 0 and c'(Ki) <0 for
all Ki > 0. Let 8(Q): = Qf"(Q)/£'(Q), the elasticity of the slope of f.
In what follows, we assume that there exists a finite constant 60 such that
§(Q) 2 6, for all Q> 0. 10

In this case, the gross benefit function u(q) 1is written as

g0

=19
u(q) = f 3=173 f(x)dx,
0

* = n * * * = * =
which implies that ui(K ) f(ijlqj(K )), uii(K ) uij(K )
D ok (R* *) = x) = gr(pn * (K*
f (Zj=1qj(K )) and uiii(K') uiij(K ) = §£ (zj=l qj(K )). It then follows

from Proposition 4 that (a/aKi) WC(K*) < 0 holds if and only if
w(K*) + 2(n-1) 6 (K*) < 0. (29)
Products being strategic substitutes by assumption, we have 0(K*) < 0. Hence

(29) holds if and only if

w(K*) a (K*)

T R Y¢ <3

+n > 0, (30)

where we used (13) and (14).
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In this homogeneous output model with strategic substitutes, we may

verify that

a(K*) = 2f'(Q*(K*)) + q;(K*)f"(Q*(K*)) <O (31) ]
and

B(K*) = £'(Q*(K¥)) + qX(R*)f"(Q*(K*)) < 0, (32)

where Q*(K*): = Zg=1 qg(K*). It should also be noted that, in view of (32),

nB (K*)

P T O@HED) = Frgrayy O

(33)
It follows from (30) - (32) that (3/8Ki) WC(K*) < 0 if and only if
(n-1) {n + §(Q*(K*))} > n. (34)

Since 6&(Q*(K*)) 2 6, by assumption, a sufficient condition for (34) is
that n satisfies an inequality

2
n- - (2 60) n 50 > 0. (35)

Let N(GO) be defined as the larger root of the quadratic equation

n2 - (2 -~ 60) n - 60 = 0. Obviously, N(GO) > 0, and the critical inequality

(35) is satisfied by any n which exceeds N(GO).

We have thus obtained the following:

Proposition 6: Suppose that the products are homogeneous and strategic

substitutes, and the inverse demand function p = £(Q) is such that
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§(Q): = Qf"(Q)/£'(Q) is uniformly bounded from below by 60 > —°. Suppose

also that the cost function is separable, so that C(qi;Ki) = C(Ki)qi' Then

there exists a ¢ritical number N(GO) > 0 such that the cost-reduction

investment is socially excessive at the margin if the number of firms n

exceeds N(SO).

Thus again we obtained the result that investment becomes more likely to
be socially excessive as the number of firms becomes larger. Needless to say,
the relevance of Proposition 6 hinges squarely on the size of the critical
number N(do). Indeed, if N(GO) is astronomical, che excessive investment
result becomes almost irrelevant. Let us examine two parameterizable special

cases of our model with a view to gauging the numerical order of N(SO).

Example 4.1.

Suppose that the inverse demand function is linear, viz., f(Q) =a - bQ
for some a >0 and b > 0. Then the products are always strategic
substitutes as may easily be seen, and it is clearly the case that &(Q) =0
for all Q > 0. Therefore 50 = 0 will serve as the uniform lower bound, and

N(§,), being the larger root of n2 = 2n =0, 1is given by 2. |

Example 4.2.

Suppose that the inverse demand function is constantly elastic, viz.,
£(Q) = Q° for some € > 0. Then the products are strategic substitutes if
and only 1f n > € + 1, which follows from the condition that B(K) =
e{(e + 1)/n - 1} {Q*(K)}ae—l < 0. By computation we obtéin 6(Q) =-¢ -1
for all Q > 0, so that 50 = - € -1 will serve as the uniform lower bound,
and that N(éo) will be the larger root of the quadratic equation

n2 - (e +3)n+ (e +1) = 0. Clearly, N(GO) exceeds 2, and increases
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continuously as € becomes large. However, even for a large enough €, say
€ = 5 (which corresponds to the price elasticity of demand of 0.2), we have
N(GO) = 4 + /TTL which does not seem to be absurdly large at all. |
We have thus shown that the homogeneous output Cournot model with

strategic substitutes contains fairly large cases where strategic cost-
reduction investment is socially excéésive at the margin if the number of
firms exceeds a number determined solely by the demand condition, and this
critical number of firms may be reasonably swmall.

How about the case where n = 2 (duopoly) in the homogenous output

model? Still assuming that C(qi;Ki) = C(Ki)qi’ we can obtain

2
9K,

1
£ (Q*(K*))

b+ ap (R ey

wC (K*) § 0 if and only if 1 %

which boils down to (a/axi)wc(x*) in

VI

0 if and only if f"(Q*(K*))

A% 7aN
o

view of f'(Q*(K*)) < 0. Thus:

Proposition 7: Suppose that n = 2, the products are strategic substitutes

and homogeneous, and the cost function is separable, viz., C(qi;Ki) =

C(Ki)qi' Then the strategic cost-reduction investment is socially excessive,

socially optimal, or socially insufficient at the margin if and only if the

inverse demand function is concave, linear or convex.

5. Clarifying Remarks
5.1. Two clarifications seem to be in order. The first is about the
contrast between Proposition 1 on the '"normal" case in Bertrand-Nash competi-

tion and Proposition 4 on the '"normal" case in Cournot-Nash competition.
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According to the former, price competition in the second-stage normally
generates the strategic effect to work in the same direction as the distortion
effect. Consequently, socially insufficient investment unambiguously

occurs. VOn the other hand, quantity competition in the second-stage normally
generates the strategic effect to work in the opposite direction of the
distortion effect. Furthermore, our‘examination of some special, yet not at
all pathological cases in Section 4 suggests that there are reasons to expect
that socially excessive investment is more likely to occur if there are more
firms engaging in this type of competition. Why this contrast?

The second is about the intuition behind the socially excessive
investment in the case of Cournot-Nash quantity competition. What is the
intuitive reason behind the strategic effect to become dominant over the
distortion effect as the number of firms becomes large?

5‘2’, We start with the first. Suppose the second stage is competed via
prices. 1In Figure 1(a), p, = r?(pz) (resp. Py, = rg(pl)) is the reaction
curve of firm 1 (resp. firm 2) in the second-stage when the first-stage
investment profile is given by KO. Suppose firm 1 invested more than K? in
the first-stage. Then the reaction curve of firm l would be p; = ri(pz)
instead of p, = r?(pz)- The second stage Bertrand-Nash equilibrium would be

El ‘instead of EO, resulting in a lower (i.e. more aggressive) price charged

by firm 2. This induced aggression by firm 2 would affect the profitability
of firm 1 by
0 0 0 3 0 3 0
(PR = € Gy (@*(KDD)5 K} + g 3 (KD + 3= pg (K0 < 0.

9Ky

' This negative impact of its own investment via the induced aggression by the
opponent taken into consideration, firm l will be strategically motivated to

invest less than socially desirable.



Next consider the case where quantity competition prevails in the second
stage. In Figure 1(b), q; = r?(qz) (resp. q, = rg(ql)) is the reaction

curve of firm ! (resp. firm 2) in the second-stage when the first-stage

investment profile is specified by KO. If firm 1 invested more in the first- i

0
stage game, the Cournot-Nash equilibrium would be El rather than E°,

resulting in a lower (i.e. less aggressive) quantity produced by firm 2. This

induced concession by firm 2 would affect the profitability of firm 1 by
0 0 ) 0
* * « 2
ql(K ) ulz(q (K7')) 31(1 q%(K ) >0

at the margin. Taking this positive impact of its own investment via the
induced concession by the opponent into consideration, firm 1 will be
strategically motivated to invest more than socially desirable.

Thus,it is precisely the property that products are strategic complements
or substitutes that determines the sign of the strategic effect.

5.3, We now turn to the second issue; why does the negative strategic
effect tend to dominate the positive distortion effect as the number of firms
becomes large? We shall concentrate on the case of homogenous output, while
extending the following analysis for more general case is straightforward.
Given an investment profile Kp in the first-stage game, define the reaction

curve of firm 1 by

0 0
ri(Q-i) = arg max {qif(qi + Q—i) - C(qi;Ki)},
9 >0

where Q denotes the aggregate output of firms other than i, which helps

-1

us define the cumulétive reaction curve RS(Q) byll

= g0 = %0 -
9; =R (Q) if and only if q; =71, (Q-q,).
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The second-stage Cournot-Nash equilibrium can be defined by

(RY(Q%), R)(Q%),...,R0(Q%)), where Q*: = Q*(K) is defined by

Q* =

[}

0
RL(Q%).

i=1

Note also that the distortion effect and the strategic effect are given in

this case by

C,e0y _ _ < 0 3 0

D/(K™) = - f (Q*)q¥(K™) §K; Q*(K™) (36)
and

Cog¥y = _ ¢ 0y (n-1) -0 0

5K = - @D (aml) - a3 (K, (37)
respectively.

Thus, with other things equal, the distortion effect increase at the rate

of n-l. The question is how the ratio of 5%— Q*(go) and 5%— qg(go)
i i
change as the number of firms increases. We shall analyze this question in

the following.

Take any j # i. Firm j's cumulative reaction curve R?(Q) is drawn in
Figure 2. Other firms' cumulative reaction curves are vertically added to
R?(Q) to obtain I;_, RQ(Q), which cuts the 45° line to define the
equilibrium EO. Suppose that firm i increases its investment in the first-
stage from Kg to Ki- The aggregate cumulative reaction curve will then
shift up to ZE=1 Ri(Q), where Ri(Q) = RQ(Q) for all k # i. At new
equilibrium El, the aggregate output and the output of firm j will become

Q*(Kl) and q?(Kl), respectively, where Ké = Kg for all k # i. If

AK, = K| - Kg is small enough, we obtain

Q* (k') - qx(x%) = so- or (%) - ak

1 i



and
1 0 3 0
— * | E— * L]
so that
s ax (&%) /2 qx(®%) = s10pe of RO(Q), (38)
i 9 i ’

which is independent of n. Putting (36) - (38) together, it is straight-

forward that the strategic effect becomes dominant over the distortion effect
as n 1increases. It should also be clear from the argument that, even if the
slope of R?(Q) is not constant, as long as the slope does not become flat
too quickly as Q increases, the strategic effect starts to dominate the
distortion effect as the equilibrium Q increases as a result of the increase
in n.

What'underlies our socially excessive investment thesis is, therefore,
the fact that normally the distortion effect does not increase as much as (or
diminishes more quickly than) the strategic effect does. This property 1is
evident in the case of homogenous product, linear demand and cost functions,
which is implicit in Figure 2. In this case, the cumulative reaction curve of
each firm is independent of the number of firms n, whereas the aggregate
cumulative reaction curve goes up as n increases.

5.4. In conclusion, our main results in this paper may be briefly
summarized as follows. If Bertrand-Nash price competition prevails in the
second-stage game, the strategic cost-reduction investment is socially
lnsufficient at the margin in the normal case. If, on the other hand,
Cournot-Nash quantity competition prevails in the second-stage game, the
strategic cost-reduction investment is often socially excessive at the margin
in the normal case, and the likelihood increases as the number of firms in the

industry becomes large.
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Appendix A: Diagonal Dominance

Differentiating (4) with respect to p; and pj (j # 1), we obtain

2 k
X u,kx_ =] (A.1)
k=1 1 1
and
n k
I u,x, =0 ({i# j), (A.2)
k=1 k3

where wu, = uik(x(p)) and x? = X?(p) for simplicity. Invoking symmetry,

(A.1) and (A.2) can be reduced into

Kbvw =1 42w (A.3)

(n=1) g, x; 1i%1

=0 Gtk (A.4)

k
- +
t=2) uy +u b X g x

respectively. Solving (A.3) and (A.4) for xi (1 # k) and xi, we obtain

Xy = G —u, ) ?§k~1> Foy 4EK (4.5)
Yik T Y4 R T Yy

and

(n-2) u,, + u,,
I oS RECy Ermeare o (4.6)
. Yik T Yi4 n Y1 T Y44

By virtue of (3), (A.5) and (A.6), we obtain

1

" (a- +
(=Dug +ugy

+ — =
vig ¥ =Dy

which is positive if (5) is assumed.

Note in passing that xi <0 and Xi >0 (1 # k) hold if (5*%) ig
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assumed.

Appendix B: Stubility of the Second-Stage Nash Equilibrium

Consider a natural myopic adjustment process for the second-stage Nash
equilibrium, where each firm increases its strategic variable if positive

marginal profitability prevails, viz.,

5, = omi(s), (B.1)

where éi is the time-derivative of S and o > 0 denotes the speed of

12,13 1,

adjustment. 8* be the second-stage Nash equilibrium, and let (B.l)

be linearly approximated by

s a B e B T g - s*
ol B o see B 1 _ i
I P IR T 2 %2
: : . : (B.2)
.S B 8 oo e Q Sn _ s:

around s*. For local stability of s8*, the coefficient matrix 9 of (B.2)
must have eigenvalues with negative real parts, which will be the case if €

is negative definite. Therefore we require
(_1) det >0 (k. = 1,2,...,[\), (Bo3)

where Qk is the k x k principal sub-matrix of Q. Simple computation

entails that (B.3) is equivalent to

%@ -8 o+ (k-1)8} >0 (k= 1,2,...,0),
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which holds true if
@ -8<9 (B.4)
a + (k-1)8 < O (k = 1,2,¢0.,n).
As a matter of fact, (B.4) can be simplified into
a -8B <0, a+ (n-1)8 ¢ 0. (B.5)

Indeed, if B < 0, then o + (k-1)B < 0 for all k =1,2,...,n under
(B.5). If B > 0 instead, then (k-1)8 < (n-1)8 for all k < n, so that
a + (k-1)8 <a + (n-1)8 < 0.
In the main text, we are referring to (B.5) as the stability condition
for short.la
If products are homogeneous, we can obtain a = 2£'(Q) + qf'"(Q) - qu(q)
and B = £'(Q) + qf"(Q), so that a <0, a -8B <0 and o + (n-1) B < 0 can

be rewritten, respectively, as follows:

26'(Q) + qf"(Q) - qu(q) <0, (B.6)

£'(Q) < qu(q), (B.7)
and

£'(Q) - qu(q) + n{f'(Q) + qf"(Q)} < O. (B.8)

Suppose that (B.7) and

£'(Q) + qf"(Q) <O (B.9)
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hold. Then (B.6) - (B.8) are satisfied, hence the process (B.l) is locally

stable in the case where products are homogeneous. Note that (B.7) and (B.9)
are nothing other than Hahn's [9] stability condition for homogeneous output

Cournot oligopoly.15 Therefore our stability condition (B.5) may be regarded
as a generalization of well-known Hahn condition to the case of symmetric

product differentiation.

Appendix C: Global Excessive Investment Thesis

In the main text, we are concerned with the socially excessive/insuffi-

cient investment at the margin in the sense that a marginal decrease/increase

of cost-reduction investment from the strategically chosen level increases
market surplus. Since our welfare criteria, viz., market surples functions,
may not be concave, there is a possibility that the marginally welfare-
improving gdjustment is in fact a "wrong' adjustment from the viewpoint of
global optimization. In view of this possibility, which cannot be excluded
offhand in the second-best exercise, it would be of some interest to compare
directly the socially second-best level of cost-reduction investment with that
of the subgame perfect equilibrium. Although such a direct comparison may be
performed only when our model is greatly simplified, it is still worthwhile to
see that our excessive commitment thesis holds even globally for at least such
parametrizable economies. With this purpose in mind, let us consider a
homogeneous output Cournot competition with a separable cost function
Clq;sK;) = c(K;)g,. Let K* be the Nash equilibrium investment level, and
let K#** be the socially second-best investment level which is defined by

£ a*(K)

* -
K = arg max ([ 7 1 f(x)dx -
K>0 0 ;

[l I}

{c(K)q#*(K) + K} ],
1 J



_30_.

where K = (K,K,...,K).

It can be shown that K* and K** are characterized by

- o (Kx)qr(Re) = L x S(QNER)) (c.1)
2 + (2 - Dsarcre))
and
n o+ 1+ §(QE(RR*))
T et (KO (KR = s (R ) €.

respectively, where Q*(K): = nq*(K).

Example C(1)

Suppose that the inverse demand function is linear, viz., f(Q) =a - bQ,
where a > 0 and b > 0, and that the marginal cost function is given by

c(K) = K, where n > 0. It then follows that (C.1) and (C.2) boil down to

- (k%) _ (m+ 1)?

- et (k%) - b 2n

and

- c(R*%) _ (o + 1)*
b n+ 2 °

—- CI(K**) a
respectively. Furthermore, the function £(K) defined by
() = - or(r) 28

becomes a single-peaked function and K* as well as K** gatisfies
£'(K*¥) < 0 and ¢'(K*¥*) < 0 owing to the second-order conditions for profit
and/or welfare maximization.

Noting that



if and only if n

NNV

2,

we can now conclude that K% > K** for n > 3. Therefore, the Nash equilibrium

investment level is socially excessive not only at the margin but also

globally if there exist at least three firms in the industry. |

Example C(2)

Suppose that the inverse demand function is of constant elasticity
family, i.e., f(Q) = Q-E, where € > 0. Suppose also that c(K) = K-n,

where n > 0. Then (C.1) and (C.2) reduce into

l D. n - 1
21 -5 &) = s (C.3)
n L (n-e-1) +1
and n
1 n n -1
n - ENE *%) =_nN-¢&
o (1 n) (K#*) g (C.4)

respectively. By virtue of the second-order condition, the function £&(K)

defined by

I n _ _
n,. _ee e "1
E(K): = (1 - 5H° K
n n

is monotonically decreasing, and n > € + 1 holds.

Comparing the RHS of (C.3) with that of (C.4), we may verify that there
exists a critical number, say n*(e), ’such that K#* > K#* holds true for
n > n*(e). Here again, therefore, the Nash equilibrium investment level is
socially excessive in the global sense 1if there are sufficient number of firms
~in the industry.

Needless to say, the relevance of this result hinges on the size of the



critical number n*(e). Table 3 provides a series of critical numbers n*(c)
for the specified values of €. As can be seen from this table, the social
excessiveness of Nash equilibrium commitment occurs even when the number of

firms is reasonably small. |
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Footnotes

See, among many others, Brander and Spencer [2], Bulow, Geanakoplos and
Klemperer [3], Dixit [4], Eaton and Grossman [6], Fudenberg and Tirole
(8], Spence [17], Spulber [18] and Ware [23].

See, however, Ware [23] who proposed a three-stage model of capacity
commitment as a modification of Dixit's [4] model of two-stage
competition between incumbent and potential entrant.

Recent papers by Mankiw and Winston [11] and Suzumura and Kiyono [20]
explored some other senses in which competition can be socially excessive
by treating the number of firms endogenously. (See, also, Weizsacker
(24] and [25].) In contrast, the number of firms is an exogenous
parameter in our present model.

However, unlike the model of Singh and Vives [15] where each firm can
choose either quantity or price as its strategic variable independently
of each other, we treat the case of uniform quantity competition and

uniform price competition.

As a matter of fact, Brander and Spencer [2, p. 227] assume that products
are strategic substitutes (without using this terminology which was
coined later), leaving the readers with an impression that this is the
only situation of interest. See, also, Eaton and Grossman [6].

Several concrete industries with these three features include iron and
steel, petroleum refining, petrochemicals, certain other chemicals,
cement, paper and pulp, and sugar refining. See Komiya [10] and Suzumura
and Okuno-Fujiwara [21] for this and other features of the Japanese
industrial policy.

As a matter of fact, Bulow, Geanakoplos and Klemperer [3] defined
products to be strategic complements (resp. strategic substitutes) if an
aggressive change of a strategy variable generates an upward (resp. a
downward) change of rival's wmarginal profitability. Therefore, in the
case of price competition, the relevant partial derivatives would be

2

3 ~ 1 1
TENPVIEN "i(L» ——eee,—) (1% j),
B(T) a(?) P Py Py

1 J

where ni(l/pl,l/pz,...,l/pn): = ni(pl,pz,...,pn). However, since

2 2
] i 1 1 3 il 1 1
n (P sPyseee,p ) = (—' ‘-‘) * (“ ”""‘) * w (‘——) T, e e ey
pyfpy L2 n Py b 3G 3G Pr PRy
i ]

we may safely use our symmetric definition throughout.

),



8.

9.

10.

11.

12.

13.

14.

15.

concave. It then follows that &8(Q) 2 0 holds, which means that §

b 1 Sant

Consider the case of duopoly (n = 2) and let the reaction function of

flem 1, ri(s;) (% 35 1,5 = 1,2), be defined by ﬂi(ri(s )sy) = 0

3

in an obvibus notation. It follows that

))s )‘

' AR, ¢
Fi08y) T Tyt G 1%

i
j),sj)/nn(ri(s

Since “ii(ri(sj)’sj) < 0 by the second-order condition, the slope
i
r!(s, is determined by the sign of 1w, (r,(s.),s.). Therefore, the
i85 y g FCRCRIES

usual shape of the reaction curves, as is depicted in, e.g., Dixit [4]
and our Figure 1, corresponds to the case where products are strategic
complements (resp. strategic substitutes) in the case of price
competition (resp. quantity competition).

See footnote 8.

Suppose that f"(Q) < 0, so that the inverse demand function is
0o=0
will serve as the uniform lower bound we are asking for. Based on this

observation, one referee suggested that the uniform lower boundedness of
6(Q) 1is an assumption which is not very restrictive.

On the concept and uses of the cumulative reaction curve, see Novshek
[12], Roberts and Sonnenschein [13], and Yakowitz and Szidarovszky [26].

For the sake of notational simplicity, we omit K throughout this
Appendix. Since K 1is fixed here, this should not cause any confusion.

See Dixit [5] for this adjustment process in the special case of
duopoly. See, also, Al-Nowaihi and Levine [l1], Hahn [9] and Seade [14].

The sufficiency of (B.6) for the local stability of (B.l) can
alternatively be obtained by invoking Theorem 2(ii) of Al-Nowaihi and
Levine [1].

Note also that (B.10) is nothing other than Novshek's [12] condition for
the existence of a Cournot equilibrium.
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Table 1: Effects of Investment on Equilibrium Output

(a) Bertrand-Nash Price Competition

8 (K) w(K)

Strategic substitutes -t -

Strategic complements - ‘ -

(b) Cournot-Nash Quantity Competition

8 (K) w(K)

Strategic substitutes - +

Strategic complements + +




Table 2: Distortion Effect and Strategic Effect

(a) Bertrand-Nash Price Competition

Distortion effect Strategic effect
Strategic substitutes + ' -
Strategic complements + +

(b) Cournot-Nash Quantity Competition

Distortion effect Strategic effect

Strategic substitutes + -

Strategic complements + +
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Table 3: Critical Number of Firms*

€ n*(e)
0.2 2.76619
0.4 2.92066
0.6 3.08062
0.8 3.24536
1.0 3.41421
1.2 3.58661
1.4 3.76205
1.6 3.94012
1.8 4,12046
2.0 4,30278
2.2 4.48680
2.4 4,67231
2.6 4,85913
2.8 5.04709
3.0 5.23607
3.2 5.42594
3.4 5.61661
3.6 5.,80799
3.8 6.00000
4.0 6.19258
4,2 6.38568
4.4 6.57924
4,6 6.77321
4,8 6.96757
5.0 7.16228

* The critical number n*(e) 1is calculated by solving the equation

n—<€ _ n-—e
n-€+1 2n;1 (n-e-1) + 1

for n.
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Figure 1: Effect of Investment on Reaction Curves

(a). Bertrand-Nash Price Competition
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(b) Cournot-Nash Quantity Competition
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Figure 2: Cumulative Reaction Curve
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