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　　　　　　　　　　　　　　　　　　　　　　　Abstract

　This paper investigates how affects the timing of firms' output decision on their technology

choice and the social desirability by extending Cournot duopoly model of Mills and Smith

(1996八〇 Stackelberg duopoly one as follows :In the firststage, the firms choose　its　produc-

tion technology ｓimｕltａｎｅｏｕｓlｙ.In the second stage, given the technologies chosen in the first

stage, the firms choose　its outputｓｅｑｕｅｎtiallｙ.Main conclusions we obtain are　as follows :［i］

Heterogeneity of technologies tends to occur under Stackelberg duopoly as compared with

Cournot duopoly. ［ii］Heterogeneity of technology is not necessarily socially desirable under

Stackelberg duopoly, although it is always socially desirable under Cournot dｕopolｙ.［iii］

Suppose that the follower firm uses　the technology with lower marginal cost and higher

fixed cost solely. Then, it tends to earn more profit than the leader firm.

1 . Introduction

　There are many literatures to investigate firms' technology choice under imperfect competi-

tion. Mills and Smith (1996) is one　of the representative papers.　They constructed ａ two-

stage duopoly model in which e工　ａｎte　11denticalfirms choose　the technology used simul-

taneously in the first stage and compete j 趾Ｃｏｕｍｏt in the second stage. In their model,

firms face ａ technology choice between two alternative production technologies as follows ；ａ

technology with a low marginal cost and a high fixed cost, and one with a high marginal

　　　　　　　　　　　　　　1）
cost and ａ low fixed cost Following Elberfeld and Gotz （2002），ｗｅ refer the former technol-

ogy as ａ laｒｇｅ一”ｓｃａｌｅtechnologyand the latter one as ａ ｉｉｍａｌｌ一ｉｓｃａｌｅtechnology.Mills and

Smith (1996) showed that excessive choice of both the large-scale and the small-scale tech-

nology may occur from the viewpoint of social welfare, and that heterogeneity, which means

that the firms choose　different technologies, is always socially desirable. Elberfeld （2003）

extended the duopoly model of Mills and Smith (1996) to the oligopoly model and suggested

that there is ａ strong tendency towards excessive choice of the large-scale technology if more

than two 丘rms　are active in the market. He also showed that there is no systematic relation-

ship between heterogeneity and social welfare although heterogeneity may occur　in the

　　　　　　　　　2）
oligopoly model.

＊　ｌam gratefulto HiroshiKinokuni, Takao Ohkawa, and Makoto Okamura for theirvaluablecomments and

　suggestions.　０ｆcourse,ｌ am responsibleforany remaining errors.

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　(577)
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　In these　studies, firms choose　its output sim�tａｎｅｏｉ�ｙ･However,firms do not necessarily

make its decision simultaneously. For example, firms may decide its output ｓｅｑｕｅｎtiallｙ，　＼.ｅ.

they compete J la Stackelberg. In this paper, using Stackelberg model, we investigate how

affects the timing of 丘rms' output decision on the technology choice and the social desirabil-

●ltｙ｡

　We simply extend Cournot model of Mills and Smith (1996) to Stackelberg one　as

follows :In the first stage, the firms choose　its production technology ｓimｕltａｎｅｏｕｓlｙ.In the

second stage, given the technologies chosen　in the first stage, the firms choose　its　output

ｓｅｑｕｅｎtiallｙ．thatis they compete j la Stackelberg｡

　Main conclusions　we obtain　are　as follows :［i］Heterogeneity of technologies tends to

occur　under Stackelberg duopoly as compared with Cournot dｕopolｙパii］Heterogeneity of

technology　is　not　necessarily　socially　desirable　under　Stackelberg　duopoly, although　it　is

always socially desirable under Cournot duopoly. ［iii］Suppose that the follower firm uses

tｅｃｈｎｏｌｏｇｙ£solely.Then, it tends to earn more profit than the leader firm｡

　Remainder of this paper is organized as follows : Section ２ presents the model. Section 3

solves the game and obtains firms' technology choice in the equilibrium. Section ４ examines

whether firms' technology choice is desirable from the viewpoint of social welfare. Section ５

concludes the paper.

2. Model

　　Consideran　economy with two firms, denoted firm l and firm 2 respectively,which pro-

duce　ａhomogenous　good. The market demand function is given by

P(Q) =α一司， ①

where p is the price of the market, both a and b are the positive constants, and Ｑ is the

quantity demanded in the market. The firms　are identicalｅｘ　ａｎtｅ．butthey face ａ choice of

alternative production technologies. The available　technologies are　characterized by ａ com-

bination (c, F) of ａ constant marginal cost c and a fixed cost Ｅ For simplicity, we assume

two types of technologies :ａ laｒｇｅ一scaletechnology (ら瓦）ａｎｄ the ｉｓｔnall-scaletechnology

（ｃｓ，Ｆｓ),and that α/3＞ら＞Ｑ＝Ｏ ａｎｄ几＞几＝O／Ｗｅ refer these technologies as technology

£and technology S respectively. Each firm chooses　its technology k and ｏｕtpｕtのin order to

　　●　　●　　　　●　　　　　　　　　　　　　　　●　　　　●　　　　●maximize Its profits, which IS given by

　　１てik二PiQ)の一心節－Ｆａ，ｉ＝1，2 and ん＝Ｌ，Ｓ.　　　　　　　　　　　　　　　　　　　　　　（2）

　The following two-stage game is considered :In the first stage, the firms choose　its produc-

tion technology ｓim公証ｎｅｏｕｓlｙ.In the second stage, given the technologies chosen in the first

stage, the firms choose　its outputｓｅｑｕｅｎtiallｙ',that is they compete j la Stackelberg. We

assume that firm 1 (firm 2) is the leader (the follower) throughout the paper.

（578）
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Table 1 : Firms' Output under Each Technology Combination
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　　　　　　　　　Follower Firm ２
　　　　　　　　　　　　　　　　　　　　　　　　　Technology S　　　　　　　　　　　Ｔｅｃｈｎｏｌｏｇｙ£
Leader Firm 1

　　　　　　　　　　　　　　　　　　　　　　　　　　1－c　　1－c　　　　　　　　　　　　＼-2c　　1＋２ｃ
　Technology S　　　　　　　　　　　　　　　　　　２　’　４　　　　　　　　　　　　　　２　’　４

　　　　　　　　　　　　　　　　　　　　　　　　　１＋ｃ　　１－３ｃ　　　　　　　　　　　　　　　１　　１
　Ｔｅｃｈｎｏｌｏｇｙ£　　　　　　　　　　　　　　　　　２　’　４　　　　　　　　　　　　　　　　玉子

Note that we assume that a=l, b=l, and Ｇ＝ｃfor simplicity.

Table 2 : Firms' Profit under Each Technology Combination

　　　　　　　　Follower Firm ２

　　　　　　　　　　　　　　　　　　　　　　　Technology S　　　　　　　　　　　Ｔｅｃｈｎｏｌｏｇｙ£

Leader Firm 1

　　　　　　　　　　　　　　　　　　　　　　(1－じ)2　(1－じ)２　　　　　　(１－２ｃ)２　(１＋2c)２

　Technology S　　　　　　　　　　　　　　　　　8　　　　'　　　　16　　　　　　　　　　　　　　　　　　8　　　　'　　　　16－Ｆ

　　　　　　　　　　　　　　　　　　　　(↓十ｃ)2　　　(工一3c)2　　　　　　　　1　　　　1

　Technology 1　　　　　　　　　　　　　8　　‾耳
16　　　　　　　　　　　　‾§‾‾耳谷‾Ｆ

Note that we assume that a=l, b=

3 .　Technology Choice

1･ら二c, and Ｆ乙二Ｆ for simplicity･

　We use　a backward induction as　ａsolution concept In the second stage, the follower firm

２ chooses　its output ･72，given the leader firm Γs output. From (1) and (2), the best response

function of firm 2 1s given by

瓦(ら)
一

一

α-C2k

　2＆

一

ﾌﾚ21k,
k二£,ｓ (3)

Taking into account, R2(qik), the leader firm ｌ chooses its output g1. From (1) through (3)･the

output of leader firm l with technology ゐis

Qｕ
一
一

α― 2cik + C2k

　　　２み

(4)

From (1) through (4), we can calculate each ｆｉｒ�soutput and profit under each technology

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　3)

combination　asshown in Tables l and 2. From Tables l and 2，we have following results:

Lemma １：Ｓ可ｙｐｏｓｅ that　ｃ　iｓ giｖｅｎ.

(i)Ｔｈｅ　ｉｐ.ａＡｅｙt≒斤ｒｍ ｃｈｏｏｓｅｓ ｔｅｃｈｎｏｌｏｇｙ S iｒｒｅｓｐｅｃtiｖｅ ｏｆ the folloVL･ｅｒ ｆｉｒｍ’ｓ ｔｅｃｈｎｏｌｏｇｙ

ｃｈｏｉｃｅ　if Ｆ＞F1･

(ii)Ｔｈｅ　ｌｅａｄｅｒﾉiｒｍ ｃｈｏｏｓｅｓ ｔｅｃｈｎｏｌｏｇｙ L iｒｒｅｓｐｅｃtiｖｅ ｏｆ　ｔhe ｆｏｌｌｏｘｖｅｒ ｆｉｒｍ’ｓ ｔｅｃｈｎｏｌｏｇｙ

ｃｈｏｉｃｅ　if Ｆ＜F2.

届)Ｔｈｅ Ｉｐ.ａｄｅｙi≒fiｒｍ　ｃｈｏｏｓｅｓ　dlがｅｖｅｎｔ　tｅｃｈｎｏｌｏｇｙ斤ｏｍ ｔhe folloｖｏｅｉ≒firms ｏｎｅ ifFi>F>F2.

Both F, and Fo are critical values for the leader 丘rｍΓs technology decision, where Fi二号

and F2 =
a-c)c

　2

(579)
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　　　　　Fisfure1 : Firms' Technology Choice
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上
３

Lemma ２：Ｓｕｐｐｏｓｅ　that　ｃ　iｓ　ｅ:iｖｅｎ.

(i)でTheかlloｘｖｅｒ ｆｉｒｍ 　ｃｈｏｏｓｅｓ tｅｃｈｎｏｌｏｇｙ S iｒｒｅｓｐｅｃtiｖｅ ｏｆ tｈｅ ｌｅａｄｅｉ≒fiｒｍ’ｓ tｅｃｈｎｏｌｏｇｙ

ｃｈｏｉｃｅ　if Ｆ＞几.

(ii) Theかlloｖｏｅｒ ｆｉｒｍ ｃｈｏｏｓｅｓ　tｅｃｈｎｏｌｏｇｙ L iｒｒｅｓｐｅｃtiｖｅ ｏｆ　the 　ｌｅａｄｅｒ ｆｉｒｍ’ｓ tｅｃｈｎｏｌｏｇｙ

ｃｈｏｉｃｅ　if Ｆ＜瓦．

証)Ｔｈｅ　folloｘｖｅｒ fiｒｍ ｃｈｏｏｓｅｓ　diffeｒｅｎt　tｅｃｈｎｏｌｏｇｙ斤ｏｍ　the　ｌｅａｄｅｒ ｆｉｒｍ’ｓ ｏｎｅ　if Ｆ３＞Ｆ＞瓦.

Both F3 and F4 are critical values for the follower firm 2's technology decision, where Fs

一

一

3c (2十〇

　　16
and Fa =

3c(2-3c)

　　16

From Lemmas ｌ and ２，we obtain

Proposition 1 : Ｅａｃｈ ｆｉｒｍ ｃｈｏｏｓｅｓ　itｓtｅｃｈｎｏｌｏｇｙａｓかlloｘｖｓ:

（i）Ｂｏth fiｒｍｓ ｃｈｏｏｓｅtｅｃｈｎｏｌｏｇｙ　Ｓ　ifＦ＞瓦.

(ii)Ｂｏth-　fiｒｍｓ ｃｈｏｏｓｅtｅｃｈｎｏｌｏｓｙＬ 社Ｆ＜瓦．

届）Ｔｈｅ ｌｅａｄｅｒFiｒｍ ｃｈｏｏｓｅｓtｅｃｈｎｏｌｏｇｙＬ －ｗhile　theかlloｘｖｅｉ≒ﾉ佃ｍ ｃｈｏｏｓｅｓtｅｃｈｎｏｌｏｇｙＳ　if

F1＞Ｆ＞瓦ｏｒ几＞Ｆ＞瓦.

(iv)Fiｒｍｓ ｃｈｏｏｓe　diffeｒｅｎｔ　ｔｅｃｈｎｏｌｏｇｉｅｓ　ifF3＞Ｆ＞几．

Proposition l states that multiple equilibria do not necessarily arise when firms choose　diffe-

rent technologies under Stackelberg duopoly. This result is contrast to that in Mills and

Smith (1996), which considered technology choice in the Cournot duopoly model. They

showed that multiple equilibria always arise when firms choose　different technologies.　Intui-

tion behind Proposition l is as follows : The leader firm produces　more　output than the

follower firm when the firms use the same technology. Thus, given　c and F, the effects of

marginal cost reduction, which is derived by choosing technology £, are large for the leader

as compared with the follower. Therefore, the leader firm tends to adopt technology £as

compared with the follower firm when the firms choose　the different　technologies　under

Stackelberg competition. Figure l shows these results｡

　　　　　　　　　　　　　　　　　　　　　　　　　（580）

sｓ　　　　　　　　　　　　　　　　　　　　ＬＳ/ＳＬ
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Fi

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ｆ３

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　瓦

　　　　£Ｓ

　　　　　　　　　　　　　Ｉ　　　　　　　　　　　　　　Ｆ４

　　　　　　　　　　　　　Ｘ　　　　ＴＪ．
　　　　　　　　　　　　　ｌ
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Table 3 : SociaレWelfare under Each Technology Combination
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Note that ＬＳ　ｒepresentsthe technology combination where the leader (follower) firm chooses technology ｌ （ざ）．

　Now, let us consider how affectsthe timing of output decision　on　theexistence of heter-

ogeneity. As shown in Mills and Smith (1996), when the firms compete j la Cournot, they

choose　di伍･renttechnologies if 4c/9＞Ｆ＞4c(1－０/9 1n our model. Proposition l statesthat

firms choose　di伍･renttechnologies under Stackelberg duopoly if 瓦＞Ｆ＞瓦.ＦｒｏｍLemmas l

and 2，几＞4c/9 and 4c(1－０/9＞瓦.Ｗｅ obtain

Proposition ２

Ｈｅtｅｒｏｇｅｎｅｉりof　ｔｅｃｈｎｏｌｏｇｉｅｓ ｔｅｎｄｓ ｔｏ ｏｃｃｕｒ ｕｎｄｅｒ　Ｓtａｃｋｅｌｈｅｒｓ， ｄｕｏｐｏりａｓ ｃｏｍｐａｒｅｄ　ｘｖitｈ

Ｃｏｕｒｎｏt　ｄｕｏｐｏｌｙ.

4 .　Welfare Analysis

　In this section,we investigatewhether the equilibrium technology choice is desirable from

the viewpoint of social welfare, defined as the sum of consumer　surplus　and　producer

surplus:

肌巾＝CS十？S＝よQ2十冗ｎ十冗2k- ⑤

Note that subscript ki (fe) represents the leader (follower) fir�s technology. From （5），

Tables l and 2，we can calculate social welfare under each technology combination　as shown

in Table ３. From Table ３，we have following results:

Proposition 3 :Ｓｏｃｉａｌり心ｓiｒable ｔｅｃｈｎｏｌｏｇｙ　ｃｈｏｉｃｅｉｓａｓかlloｘｖｓ:

（i）ＳＳ　ifＦ＞瓦.

(ii)ＬＳ　ifＦ５＞Ｆ＞八．

(iii) LL ifFe>F.

Note that ＬＳ represents the technology combination where the leader (follower) firm

chooses technology ム子), and that 瓦＝言c(5＋2c)ａｎｄ八＝

(581)

1
－
32

d10－23０
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Figure 2 : Social Desirabilityof Technology Choice

　　Ｆ

０ 2

-11

上
３

Proposition 3 1ndicatesthat adoption of technology £by the leader firm is sociallydesirable

when heterogeneity of technologies arises.In other words, unilateraladoption of technology

£by the follower (that is ｘが)is ne‘ｖｅｒdesirablefrom the viewpoint of social welfare.

　Now, let us investigatethe social desirabilityof equilibrium technology choice. From Prop-

ositionsl and 3，we obtain:

Proposition 4 : Ｓｏｃｉａｌり田辺ｅｓiｒalふtｅｃｈｎｏｌｏｇｙ ｃｈｏｉｃｅｍ卯 ｏｃｃｕｒｓ　ｖｏｈｅｎＬＳ ｉｓｄｅｓiｒable万Ｏ刀１

the　ｖｉｅｉｖｐｏｉｎt　ｏｆｓｏｃｉａｌ　ｗｅｌｆａｒｅ　ａｓｆｏｌｌｏｗｓ：

(ｉ)Ｎｏ ｆｉｒｍｓｃｈｏｏｓｅ　tｅｃｈｎｏｌｏｇｙＬ ｉｎ ｒｅｇｉｏｎＲ１.

(ii)Ｂｏth-　fiｒｍｓ ｃｈｏｏｓｅtｅｃｈｎｏｌｏｓｙＬ ｉｎ ｒｅｅ:ｉｏｎＲ２･

(iii) Theかlloｘｖei≒八ｒｍ ｍａｙ ｃｈｏｏｓｅ　tｅｃｈｎｏｌｏＱ:ｙＬ ｓｏ＆政綱ｒｅｆ^ｉｏｎ R3.

As shown in Mills and Smith (1996), equilibria tend to have too littleheterogeneity from the

viewpoint of social welfare even　when the firms compete j la Stackelberg. However, we

should note that heterogeneity of technology is ｎｏt　ｎｅｃｅｓｓａｒiりsocially desirable under Stack-

elbeｒg　duopoly, although it is　alｗａｙｓsocially　desirable under Cournot duopoly.　Intuitions

behind Propositions 3 and 4 are　as follows : As mentioned above, the leader firm can　enjoy

the effect of marginal cost reduction by adoption of technology £more than the follower

丘rm because　the leader firm produces　more　output than the follower firm if they use　same

technology. Consumer　surplus is increasing function of total output. Producer surplus under

technology combination £ざis greater than that undeｒ　ＳＬdue to the marginal cost reduction

effect.Therefore, it is socially desirable for the leader to use technology £when the heter-

ogeneity　is　desirable.

　Finally, we investigate whether the leader firm earns　more profit than the follower firm

under　any technology combination. When the firms use same technology, the leader firm

earns　more profit than the follower 丘rm obviously. When the leader firm uses　tｅｃｈｎｏｌｏｇｙ£

solely in the equilibrium, it of course　earns　more profit than the follower firm. Suppose that

　　　　　　　　　　　　　　　　　　　　　　　　　　（582）

　　　　　　　　　　　　　　几

　　　　　　　　沢1　　　　Fi

　　　　　　　　　　　　　　F3

　　　　　　　　　　　召3
　　　　　　　　　　　　　　F2

1　　　　　　　　　　　　　　F4

・　　　　　　　　　召2

1　　　　　　　　　　　　　　Ｆ6
1
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　　　　Figure 3 : Heterogeneity and Profitability
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the leader (follower) firm uses　technology S (L) in the equilibrium. From Table ２，the

follower firm earns more profitthan the leader one if F<

obtain:

－4C2＋12C－1

　　　　16
゜Ｆ．From here, we

Proposition 5 : Ｓｕｐｐｏｓｅ　伍ａｔ　Ｆ、3＞Ｆ＞Ｆ２ａｎｄ that 　the ｆｏｌｌｏｖｏｅｉ≒酎ｍ ｃｈｏｏｓｅｓ　tｅｃｈｎｏｌｏｇ Ｌ

ｓolelｙ.Ｔｈｅｎ、iｔ ｅａｒｎｓｍｏｒｅ ｐｒｏﾉit　tｈａｎ　tｈｅｌｅａｄｅｒfirm if F<F.

Intuition behind Proposition 5 1s as follows : When the follower firm uses technology £

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　4)solely, it always produces　more　output than the leader firm. This is because　the　effect　of

marginal cost reduction with technology L dominates that from disadvantage as Stackelberg

follower. Then, the follower firm can　earn　more profit than the leader firm by adopting

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　5）

technology£unless the marginal cost reduction effectis not so small against fixed cost.

Figure 3 shows thisresult.In the shaded region, the follower firm earns more profitthan the

leader firm by choosing technology £unilaterally.Therefore, when heterogeneity of technolo-

gies arisesand the follower firm chooses technology L solely the follower firm is very likely

to earm more profitthan leader firm.In other cases, the leader firm earns　more profitthan

the follower firm.

5 . Concluding" Remark

　This paper extends Cournot model of Mills and Smith (1996) to Stackelberg one in order

to investigate how affect the timing of output decision on the technology choice as　well as its

desirability from the viewpoint of social welfare. In the first stage, the firms choose　its

production technology ｓim�tａｎｅｏｕｓり'In the second stage, given the technologies chosen　in

the first stage, the firms choose　its　output　ｓｅｑｕｅｎti心仏レWe　assume　thatthere　are two avail-

　　　　　　　　　　　　　　　　　　　　　　　　(583)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ａ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ｆ

　　　　　　　　　　　　　　　　　　　　　　　　　　　几

　　　　　　　　　　　　　　　　　　　　　⑤

　　　　　　　　　　　　　　　　　　　　　　　　　　　Ｆ２

　　　　　　　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

　　　　　１　　１

／　　　　／　　　、
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able technologies : 旨啄ｅ一ｉｓｃａｌｅtechnology£andＳｏｍａｌｉ-scaletechnology S for simplicity. Main

conclusions we obtain　are　as follows :［i］Heterogeneity of technologies tends to occur under

Stackelberg duopoly as compared with Cournot duopoly. ［ii］Heterogeneity of technology is

not necessarily socially desirable under Stackelberg duopoly, although it is always socially

desirable　under Cournot duopoly. ［iii］Suppose that the follower firm uses　technology　£

solely. Then, it tends to earn more profit than the leader firm｡

　In this paper, we assume　that the firms choose　its technology simultaneously although they

choose output sequentially. Therefore, it may be worthwhile to investigate under sequential

technology choice. Another possible direction for future research is to extend oligopoly model

with sequential move　as Elberfeld (2003) did.
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　　　　　　　　　　　　　　　　　　　　　　　　　　Note

1) Precisely, they assumed that firms choose　technology　from　continuous　technology　set, and

　showed that firms choose　only the extreme production technologies if the technology set is

　insufficient convex.

2) Mills and Smith (1996) and Elberfeld （2003）ｒｅｇａｒｄｅｄchoice of large-scale technology as cost-

　reducing investment and analyzed "which technology is chosen, and "whether market select efficient

　industry structure. Therefore, excess　choice of large （ｓma11）－ｓｃａｌｅtechnology corresponds to

　overinvestment (underinvestment) in their analysis. Elberfeld and Gotz （2002）ｃｏｎｓideｒedsimilar

　issues　under monopolistic competition. Gotz (2005) considered technology choice in ａ free-entry

　Cournot model and discusses　about the (non) existence problem. Elberfeld and Nti （2004）ｅｘ-

　amined technology choice under ex　ante　uncertainty　about　variable　cost.

3) Proofs are　available　upon　request from the author.

4）Ｆｒｏｍ Table ２，the follower produces　more　output than the leader if c>l/6. This condition is

　always satisfied in this situation from Proposition ｌ (iv).

5) Suppose that F3>F>F2. The condition F<F is always satisfiedif c＞T（3－へ/2"), and may be

satisfied io＞す卜１十岬‾)．
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