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1. INTRODUCTION

Most firms in developing countries will often resort to imitation to succeed in business. Mansfield, Schwartz and
Wagner [1981] reported that in spite of patent systems, new technologies tend to be imitated within a period as
brief as four years. In an empirical study on the speed at which various kinds of information about new products
and processes leak out, Mansfield [1985] found that a firm’s information about new process or product
innovations finds its way into the hands of rival firms within an average of 12 to 18 mdnémsfield also made

the interesting observation that differences in the rate of diffusion of technological information do not play an
important role in explaining differences in the ease of imitation across industries. Two theoretical questions arise:
First, how does the speed of imitation differ across industries or market structures? Second, does a more
competitive market structure lead to earlier imitation? If we recognize differences in market structures across
industries that Mansfield [1985] did not focus on, then the discrepancies in the speed of imitation (innovation
diffusion) can simply be explained by these differences in market structures. Nonetheless, as far as we know, no
theoretical approach to these questions has yet been attempted.

We explore how the speed of innovation adoption may differ between two common theoretical market
structures, i.e., Cournot (quantity-setting) competition and Bertrand (price-setting) competition, and then compare
the results with the social optimum. We first modify a model of Reinganum [1981a, 1981b] so that we can
examine the speed of innovation adoption in a model of duopoly producing differentiated goods and then compare
the results in both types of market competition. In our model, it is assumed that one firm has invented a new
technology for its own use and a second firm can imitate (or adopt) the new technology at a cost which declines
over time. The imitator may not achieve the same level of reduction in the unit cost of production as the inventor
does. The extent of cost reduction is indexed by a parameter representing the ease oféimitation.

We shall first show that innovation adoption occurs earlier (resp. later) in Cournot competition than in

! Mansfield [1981] noted that information about process innovation tends to leak out more slowly than information about product
innovation because new processes can be developed with less communication and interaction with other firms than new products
(ibid. p. 219).

2 Mansfield, Schwartz and Wagner [1981] measured the ease of imitation by the ratio of imitation costs to innovation costs. By
relating the ease of imitation to the imitator’s ability to reduce the cost of production, we are able to analyze howothe ease

imitation affects the incentives for imitation and social welfare.



Bertrand competition if the degree of production differentiation is sufficiently high (resp. low). The intuition
supporting these results is as follows. The total effect of the innovation may be positive, but the direct and indirect
effects are not uniformly positive in either market structure. Specifically, the direct effect is positive and higher in
Bertrand competition, while the indirect effect is positive in Cournot competition and negative in Bertrand
competition. Second, we shall show that in both competitions, the speed of innovation adoption is too slow for the
first adopter relative to the social optimum, irrelevant of the degree of product differentiation. However, it is too
slow (resp. too fast) for the second adopter relative to the social optimum if the degree of production
differentiation is sufficiently high (resp. low). Furthermore, social welfare at the optimum will be higher in
Bertrand competition than in Cournot competition if the degree of production differentiation is sufficiently high.

An adopting firm maximizes its own intertemporal profits, represented by the sum of the discount present
value of the (temporal) market equilibrium profits, to choose the optimal adoption time. The timing issue arises
because the cost of adoption is assumed to decline over time. The adopter takes into account the benefits and
losses of delaying the adoption. The important point is that nodbtidlgorofit but themarginal benefit determines
the speed of innovation adoption that is different between the two market structures. It was often pointed out that
Bertrand competition is inherently more competitive than Cournot competition because the former has a lower
price and larger outpdtThis does not necessarily imply that Bertrand competition leads to stronger incentives for
innovation, as proposed in the existing literature.

If two firms have symmetric demand functions and initially have equal unit costs of production, then one
firm who first introduces a new (superior) technology to lower the cost can enjoy the larger market share than the
other who still operates with an old (inferior) technology. When products are almost homogenous, the first firm
can monopolize the market in Bertrand competition, while this may not the case in Cournot competition. This is
why patterns of the speed of innovation adoption may differ between the two firms as well as across industries,
which has not been pointed out in the existing literature. The second adopter can only have the smaller market
share than the first adopter due to the inability of perfect imitation.

Most papers considering adoption of cost-reducing innovation have assumed that the inventor is not a
member of the adopting industry and also assumed homogenous goods markets. This paper instead assumed tha
the inventor is a member of the industry and also assumed differentiated goods markets. Quirmbach [1986]

compared the noncooperative and welfare-optimal diffusion rates in a model of Cournot oligopoly in a case of

% See Singh and Vives [1984], Vives [1985] and Cheng [1985].



linear demand functions, assuming homogenous goods markets, and explored how the additional number of
adopting firms influences the diffusion rate. However, Quirmbach did not take into account how the ease of
imitation influences the adoption times and social welfare. Petrakis [1994], assuming differentiated goods markets,
compared Cournot and Bertrand equilibrium adoption times with the socially optimal adoption time in a case of
linear demand functions. However, Petrakis did not focus on the effect of imitation on the adoption timing as well
as on social welfare.

The reminder of this paper is organized as follows. Section 2 constructs a basic model. The Cournot and
Bertrand subgames are incorporated into a game of adoption of a new technology. Section 3 compares the optimal
adoption times between Cournot and Bertrand market structures. Section 4 provides welfare analysis. Concluding

remarks are given in Section 5.

2. AMODEL

We consider an economy with an imperfectly competitive sector, each firm producing a differentiated good, and a
competitive numeraire sector. Following Dixit [1979] and Singh and Vives [1984], we define the utility for the
representative consumer @éy;, g,, M) = V(q,, @,) + M, whereq; (i = 1, 2) denotes firrmis output (good) andM
denotes a numeraire good. There are no income effects on the duopoly industry. We assume competitive
consumers. Maximizing/O p,q,00 p,0, with respect tay;, wherep; denotes goods price, we have U/0 g =p,
(i =1, 2), which defines the demand function for gnod

Direct demand systems are givendpy= di(p, p) (, j = 1, 2;i # j). We assume that goods are gross
substitutes, i.ed d/0 p, > 0, the direct demand function for good downward sloping with respect to gadsl
price, i.e.,0 d/0 p <0, and the own effect is larger than the cross effect, o.ed/p p| >0 d/o p, > 0. Inverse
demand systems are givenfiy p(q;, ¢). Taking the total differential of the direct demand function d(p;, p)
with respect to outpug; and holding the above assumptions, we find that the inverse demand function is
downward sloping with respect to each output, dep/d0 g <0 andd p/d g < 0, and the own effect is larger
than the cross effect, i.ed |p/0 g | > |0 p/0 q|. A detailed calculation can be found in part (I) of Appendix.

We denote the unit cost of production for firtmy ¢;. We shall formulate momentary price (Bertrand) and
guantity (Cournot) competitions, as follows:

(i) Bertrand competition: Firmnmaximizes the profig(p;, p, ¢) = (BT ¢)d(p;, ;) with respect to the priqe,

taking p; as given. The first-order condition, given dyg(pi(p), P, ¢)/0 p = 0, defines the best-response



functionR®(p) = pi(p;). We assume that the second-order condition is concave in own prices,’gé, p” < 0.
Then, the second-order condition, givendbyg,(pi(p), p, €)/0 p? <0, is satisfied. We also assume that prices are
strategic complements, i.@.,%g(pi(p)., P, ¢)/0 pd p, > 0. The Bertrand-Nash market equilibrium is defined at a
point where the two best-response curves intersect. We assume that the Bertrand-Nash equilibrium uniquely exists.
A sufficient condition for uniqueness i@R®(p;)/dp; | < 1, or equivalently,d *g/d0 p?|>0 °g/d pod p, >0’ The
reaction functions are upward sloping sinde®¢,)/dp, = (O 1){(0 *g/0 p?)/(@ *g/0 pd p)} > O holds. The
equilibrium is locally stable sincg ® = (0 °g/0 p?)(0@ *g/0 p?)U (0 “G/d po p)(@ °g/0 pd p) >0 holds.
Henceforth we denote the market equilibrium pricesgdy p°) = (pi(c, 6), p(c, )) and the market equilibrium
profits by 7 2, ,®) = @(pi(c. 6). p(C, G). &), g(pi(C, G), B(C, ©), ). It holds thad 27T %/0 p?=2@ d/o p)
+ (PO )@ 2d/0 p?) (<0)andd 2m B0 pd p=0 d/d p + (0 c)(@ d/d pd p) (>0).

(i) Cournot competition: Firmmaximizes the profit(q;, g, ¢) = {pi(a;, ¢)0 ¢} g with respect to the output
g, takingg; as given. The first-order condition, given ®yf(q(q;), g, G)/0 g = 0O, defines the best-response
functionR(q;) = gi(q;). We assume that the second-order condition is concave in own outpuds %/@.,g?° < 0.
Then, the second-order condition, givendbyfi(ci(q,), g, ¢)/d ¢ <0, is satisfied. We also assume that quantities
are strategic substitutes, i.8.4,(g(q), g, ¢)/0 qd g < 0. The Cournot-Nash market equilibrium is defined at a
point where the two best-response curves intersect. We assume that the Cournot-Nash equilibrium uniquely exists.
A sufficient condition for uniqueness igR“(q;)/dg; | < 1, or equivalently,d /0 g?| > |9 /0 gd ¢ |° The
reaction functions are downward sloping sin&(@j)/dg, = (O 1){(d /0 g?)/(0 */0 g0 )} < O holds. The
equilibrium is locally stable sincg © = (@ /0 g*)(0 /0 q?0 (0 */d qd q)(@ */0 go g) > 0 holds.
Henceforth we denote the market equilibrium outputsily ¢°) = (qi(c., 6), g;(c, G)) and the market equilibrium
profits by ¢7 €, 7 ) = (fi(ai(c, 6), g(c., ). c), fi(a(c, c), g(c, ), ). It holds thad *m /0 q°=20 p/d q) +
a0 p/d g°) (<0)andd ?rr ;0 qd g;=0 p/o g +q(d *p/d god ¢) (<O).

Let and assume that’d/0 p?=x(p,% p.,°) O 0,0 2d/0 po p, =y(p.5 p,°) O 0,0 *p/d g2 = X(q,%, 0,°)
0 0andd ?p/d g0 q =Y(q,% q,°) O 0. We also assume that||0 |y| and X|O |Y] so that the sufficient
condition for uniqueness of the Bertrand-Nash equilibrium and that of the Cournot-Nash equilibrium should be
satisfied, i.e., § *r 2/0 p?|> |0 *m %0 po p|and |0 ?mr 0 g?|>|0 ° /0 qo g, respectively.

Henceforth we focus on the case where the demand functions are symmettic,dep, =0 d,/0 p, =

* See Tirole [1988, pp. 225-226], and Friedman [1983, pp. 70-71].

® ibid.



a(p,®, p,°), 0 di/0 p, =0 d0 p, =b(p.® p.,°), 0 p/d G =0 PO 0, =A(Q,, q,°) andd py/d @, =9 PO g, =

B(a,¢, 9,°) (< 0), where 4| > [b| and A| > |B]. We now introduc¢éhe degree of product differentiatitty & =

(0 di/d py)(@ djo p)/(@ di/o p)(@ do p,) =B%A? where 0 <d < 18 It follows thatb = (O a )AVS since

a=a Aandb = (0 a )B. In Bertrand competition, we hade?rr */0 p? = 2al] (x/a)d, (< 0) andd 27T ®/0 pod p,
=0avo O (yad (> 0). In Cournot competition, we hade?rr /0 g?=2A +Xq (< 0) andd ?mr /0 gd ¢ =

AVO +Y( (< 0). Henceforth we assume that the unit costs of production are initially identical. Then, it holds at
(¢, ¢) = (c, ¢) thatd, =d, >0 andg, =q, > 0.

Singh and Vives [1984] and Vives [1984] showed the results, summarized in the following theorem:
Theorem 1. The outputs are larger more in Bertrand competition than in Cournot competition.

Theorem 1 means in our context that g;.

We suppose that firm 1 is an inventor who developed a new technology and firm 2 an imitator. We also
suppose that each firm can reduce the current unit cost of prodgdtiaril A ; by adopting a new technology at
timet=1 ;0 [0, ). We assume that firm 2 can imperfectly imitate the technology so that its cost-reduction
size is smaller than firm 1's. We denote a parameter that represents the ease of imi@atisokpatd ; = ¢
andA , =0 ¢ ,whereog O (0, 1]. We denote the cost of adoption Nff). We assume that the cost declines

over time but at a decreasing rate:
Assumption 1. dN\(t)/dt <0, dN(t)/dt>>0

Justification of Assumption 1 is that the technology, although too expensive at the initial stage, will be improved

due to ongoing basic research, which reduces these® costs.

6 Singh and Vives [1984] and Shy [1995] defined it in the case of linear demand functions. The degree of product diffezantiation
be rewritten, by incorporating own-price elasticity of demand= (p/d)(@ d/0 p) <0 and cross-price elasticity of demang =
(p/d)(@ dfo p) >0, j=1,2i# ]),asd =€ ,£ ,/€ 1€ 5. Ahigher (resp. lowerd means a lower (resp. higher),,£ ,, or

a higher (resp. lowed ;€ ,,.

" See Singh and Vives [1984, Proposition 3] and Vives [1985, Proposition 1].

8 See Katz and Shapiro [1987].



We suppose that firm 1, anticipating the imitation subgame, develops a new technalogyad firm 2,
taking the development time as given, adopts the technolagy.@8oth firms maximize the intertemporal profits,
defined by the present discounted value of the temporal profits, with respect to time. The intertemporal profit for

firm 1is

®,= J‘Orl e P my(c, c)dt + I:z e my(cdA,c)d + on e P my(c04,c0A4,)d

T2

0 e ™ N J)

wherep is a market interest rate. The intertemporal profit for firm 2 is

®,= [" et nfoed + [0 et nelALe)d + [ et me0A, el )d

T2

0 e NI ,)

The first-order conditions for maximizing the intertemporal profits, which define the privately optimal

adoption times, are given by

1) p N(t )0 dN(T [)dr ,=m,(c,04 ,, )0 1 4(c;, C)

(2) p N(T )0 dN(T ,)dr ,=m (04, 60A)Omy(c,0A4,,c)

The second-order conditions are satisfied under Assumption 1, which implies that the objective functions for both
firms are concave with respect to time.

In regard to (1) and (2), both firms equalize the marginal cost of innovation, represented by the left-hand
sides, with the (private) marginal benefit from innovation, represented by the right-hand sides. Note that the
marginal cost of innovation is decreasing, while the marginal benefit from innovation is constant, over time. The

privately optimal adoption time for each firm is given at a point where the two curves meet. We assume that

Assumption 2. p N(0)O dN(0)/dt = +c0 , p N(co ) dN(eo )/dt =0



Under Assumption 2, we can eliminate two corner-solution ag®sThe marginal benefit from innovation is
higher than the marginal cost of innovationtat 0. (b) The marginal cost of innovation is higher than the
marginal benefit from innovation for dl In case (a), firms may adopt immediately, although they could gain
more by waiting a little moment. In case (b), on the contrary, they may not adopt. Thus, we have a unique interior

solution since the marginal benefit from innovation should be postive.
3. THE INCENTIVES FOR INNOVATION

Clearly, the higher is the marginal benefit from innovation, the earlier is the privately optimal adoption time for
the imitator. In this sense, we measure the incentive for innovation by the increment of the adopter’s equilibrium
profit, as Bester and Petrakis [1993] did. In this section we compare the incentives for innovation and show how
the privately optimal adoption times differ between Cournot and Bertrand market structures.

We have fr B(cO0 A4, )O mBc, NO{mScOA, )XDmc }p={mcOA, )DmcOa, )}O
{m ®c, .)d0 m “c, .)} for a giveng. Then, by The Mean Value Theorem there exists sorfie (U A ;, ) that
satisfies [fT B(cO A, )0 7 ScO A, )yO {m &c, ) m c, MDA ) =d{m Em,.)O0 m ,S(m,.)}Ydc. Thus,
we have only to explore the sign ofd{®(m, .)J 7 ,(m, .)}/dc.

We have the following proposition:

Proposition 1 Innovation adoption occurs for both firms earlier (resp. later) in Cournot competition than in
Bertrand competition if products are highly differentiated (resp. almost homogenous), that is, the degree of

product differentiationd is close to zero (resp. unitd).

Proof. It holds that @ ®/dc;=0 %0 ¢+ (@ %0 p)@ p°0 c)=d[0avé {Davo O (yad}y °01],
whered 1 8/0 ¢ = (O d) by the Hotelling’s lemma andl p®/d ¢, = (O 1/y ®)(@ d/d p)@ *m %0 po p) >0,

o Reinganum [1989] employed the same assumption (ibid. Assumption 11).

191 view of (1) and (2), botts ," andt ," are determined as an intersection point of the two reaction functiang-im , plane,
satisfyingr ," <1 ,". Sincer ," andr ," are independent of each other, a pair of the privately optuogitian times ¢ ,", 1 ,")
constitutes the Nash equilibrium adoption times.

™ The definition of ‘highly differentiated or almost homogenous products’ is owed by Shy [1995, pp. 136-137].
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and dr °/dc; =0 50 ¢+ (@ %0 )@ g0 c)=qf{0 A\/S_(A\/S_ +YQq)/ly 0 1}, whered /0 ¢

= (0 q) by the Hotelling’s lemma andl g“/0 ¢, = (O 1/y )0 *m;“/0 gd q)>0. Withd close to 0, dirr ®/dc; |

=d > |dm °/dc | =q by Theorem 1. Thus, in view of (1) and (2), the optimal adoption time is solved as an
interior solution in both competitions: (0 €);® < 1 ;" <400 . With  close to 1, dirr B/dc;| = 0 < dmr ;“/dc | =

g. Thus, in view of (1) and (2), the optimal adoption time is solved as an interior solution in Cournot competition

but is solved as a corner solution in Bertrand competition: (0,9 <1 ;® =+ . Q.E.D.

Bester and Petrakis [1993] and Petrakis [1994] showed in a model of linear demand functions where products are
sufficiently substitutable that the incentives for innovation are stronger in Cournot competition than in Bertrand
competition. This result implies that innovation adoption occurs earlier in Cournot competition than in Bertrand
competition. Petrakis [1994] had the same results, except that only the linear demand case was explored and the
ease of imitation was not taken into account. Note that we have shown the result in Proposition 1 beyond the case
of linear demand functions.

Let us now provide the intuition of Proposition 1. By the Envelope Theorem, we tigded=0 ,/0 ¢ +
(0 mi/d x)(©@ x/0 c), so that dr /d(0c)=0 /0 (Oc)+ @ m/0 x){d x/0 (O c)}. The total effect of a
cost-reducing innovation,rd,/d(0 ¢), is decomposed into two effects: the direct effecther cost-minimizing
effectd m /0 (O c), and the indirect effect dne strategic effepfd /0 x){0 x/0 (O c)}, where the valuable
X represents the market equilibrium outguir pricep.!? First, by the Hotelling’s lemma and Theorem 1, we have
0 mB0 (Uc)=d >0 7“0 (Oc) = qg. Hence, the sign of the cost-minimizing effect is positive in both
competitions and is higher in Bertrand competition than in Cournot competition. Second, it hdlds®fhat; =
(0 1y B)(0 d/o p)@ m®lo po p)=@©@ p®0 pP)@ pP/o c)={dRE(p)/dp}(d p®/d c) >0 sinced p®/d ¢
= (1ly ®)(@ d/o p)(@ B0 p)>0andd g0 ¢= (O 1ly )@ *m;%0 g0 q) =@ g0 q°)(@ q°/d c)=
{dR(q)/dg}(0 /0 c) >0 sinced o ¢ = (1ly ©)(@ *m /0 g?) <O0. Since (by symmetry) sigh(rr /0 p)
=sign@ m ®/0 p) >0 and sigrd 7,0 q)=sign@ ;0 q) <0, we have signj( 77 /0 p){d p®/0 (O c)}]
= (@ 1)sign[@ ;%0 p)@ pP/o c)dR®(p)/dp}] < 0. On the other hand, siga[(m;“/0 q){0 g0 (O c)}]=
(0 D)sign[@ ;%0 q)(@ g0 c){dR(q)/dg}] > 0. Hence, the sign of the strategic effect is positive in the case
of strategic substitutes and negative in the case of strategic complements. In the case of strategic complements, the

direct effect should be larger than the indirect effect in total. As Proof of Proposition 1 suggests, if the degree of

12 See Brander and Spencer [1983] and Tirole [1988].
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product differentiationd is close to zero (resp. unity), then the strategic effect will be smaller (resp. larger) than
the cost-minimizing effect.

Bester and Petrakis [1993] referred to a ‘market share effect’ reflecting how differences in market structure
can influence the incentives for innovation through determination of the equilibrium output. They showed that this
effect is stronger with closely substitutable products—hence the incentives for innovation are stronger—in
Bertarnd competition than in Cournot competition. Qiu [1997] pointed out that the market share effect is less
important because the identicalness of all players makes both the pre-innovation and post-innovation equilibria
symmetric. Qiu also showed that the incentives for innovation are stronger in Cournot competition than in
Bertarnd competition, regardless of substitutability of the products. However, these papers were modeled in

timeless settings.
4. WELFARE ANALYSIS

How does an increase in the ease of imitation affect social welfare? How is the speed of imitation evaluated from
the social optimality viewpoint? We shall analyze these interesting problems and make the relevant distussions.
We denote consumer’s surplus 8y and producer’s surplus by . Total surplus is denoted by =© + I7.

Note that in regard to consumer’s surpl@s: = U(d,(p,®, p,5), dx(p:®, p.5), M) p.Bd,(p:B, p.,%)0 p.Bd,(p.B, p.°)

and@°€ = U, q.,5, M) py(a,°, 9,99,°0 p(a,°, 0,°)0,°. We define social welfare by the (net) present

discounted value of total surplus, as folloWs:

e A0 A, c)dt+ jw eA@COA, c0A )dt

72

Q= jo” e ™A (c, o) dt + j

1

O e N )0 e ”2N(T

A social planner maximize® with respect tar ; on behalf of firm and compares the privately optimal adoption

time(s) T ;" with socially optimal adoption time(s) ;.

13 Barzel [1968] compared a monopoly regime with a competition regime in regard to the speed of innovation adoption and
evaluated it from the viewpoint of social optimality.

14 Quirmbach [1986] defined social welfare as post-innovation total surplus.
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The first-order conditions for maximizing social welfare, which define the socially optimal adoption times,

T 7, are given by

) p N(T 7 )OdN(T " )dr 1= A (04, 6)0A(c, )

4) p N(t ,")OdN(T ,”)dt ,= A(c,0A,c,dA)OA(c,dA )

In regard to (3) and (4), the right-hand sides showstmgal marginal benefits from innovation and the left-hand
sides show theocial marginal costs of innovation. Henceforth we focus on the case where the right-hand sides
are positive.

We explore how an increase in the ease of imitation affects on social welfare. Taking the total differential of
Q with respecttag , we have @/do =@ Q/0 1 )0 T ,7/0 0)+0d Q/0 o ,where the second term in the
right-hand side vanishes since by (4) it holds tha® /0 o =e 2 [{p N(t )0 dN(t ,)/dr JO{A (c,04 ,,
cUA)OA(OA ,c)l]=0att ,=1 ,". Thus, the total effect an increase in the ease of imitatidrgd ,
consists of the indirect effect along, Q/0 1 )0 T , /0 T).

We proceed to evaluate the privately optimal adoption times in both competitions from the social optimality

viewpoint. We have the following theorem:

Theorem 2. a9 Q/d 1 ,<(resp.>) 0 if and only ifd{® (c,00 4 ,, K) + T ,(c,0 A 4, K)}dc, < (resp.>) 0 at(c,,
c,) = (cO € , k®) where k is such a value {0, A ,, ¢,) that satisfie{© (c,0 A ,,c,0A,) +m (¢, A, G

DA pU{Ocl A )+ my(c0A )} =(0A)HO (T A, K+ y(c,0 A, KHdc,.

A proof can be found in part (II) of Appendix. Theorem 2 implies that at the privately optimal adoptian fime
T ,, social welfare increases (resp. decreases) if an only if consumer will benefit more (resp. less) than the
inventor will lose. In like manner, we can show thatgtq) = (cO € , s), wheresis such a value irc{1 A ,, ¢,)
that satisfies @ (c,0 A ,, ¢) + (.0 A 4, )}O{O(c, ) + myHc, &)} = (O A DAO(s c) + mLs
cy)¥dcy, itholds thatt Q/0 1T , <(resp.>)0ifand only if dP (s, ;) + 1T (S, ¢;)}/dc, < (resp. >) O.
By Theorem 2, we can show whether the privately optimal adoption time for firm 2 will be earlier or later
than the socially optimal adoption time in both competitions. (i) Fire,8d¢ T ,B)/dc, = (1ly B){azx/g d,0
2ad, + xd,d,[] (x\/g +y)(d)3. It holds thatd, >d, =0 at ¢, ¢,) = (c € , k®), wherec 0 € <kB <c. Thatis,

firm 1 can capture all the market since it can produce with the superior (new) technology while firm 2 still does
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with the inferior (current) technology. With close to 0, we have @® +  ,5)/dc, < 0. Hence, the privately
optimal adoption time itater than the socially optimal adoption time:,® > 1 ,”®. With  close to 1, on the
other hand, we have @€ + T ,®)/dc, > 0. Hence, the privately optimal adoption timeaslier than the socially
optimal adoption timer ,® <1 ,"8. (ii) Second, d© ¢ + ,°)/dc, = (1ly K Azx/g{D (20 \/5)q2 + g0
B(XO Y)q,0,}. It holds thatg, >, > 0 at €, ¢,) = (c0 € , k), wherecD 0 ¢ <k°®<c. Withd close to 0, we
have d@ € + T ,°)/dc, < 0. Hence, the privately optimal adoption timéater than the socially optimal adoption
time: 7 ,© > 1 ,”°. With highly substitutable products, it holds tha®&(+ 1T ,©)/dc, > 0. Hence, the privately
optimal adoption time isarlier than the socially optimal adoption time:, < 1 ,™C.

In sum up, we have the following proposition:

Proposition 2. The speed of innovation for the second adopter (i.e., imitator) is too slow (resp. too fast) relative
to the social optimum in both Bertrand and Cournot duopoly markets if the degree of product differentiation is

close to zero (resp. unity).

How are the privately optimal adoption times for the first adopter in both competitions evaluated from the
social optimality viewpoint? It holds thdt >d, =0 at €¢,, ¢,) = (c0 € , s?), wherec ¢ <s® <c, andg, >q,>0
at €, ¢, = (cd & , s°), wherec € < k® <c. (iii) First, d©°® + m ,B)/dc, = (1ly B){ azx/gdzD 2a%d, + xd,d,[J
(x\/g +y)(d,)%} < 0, which implies thad QB/0 1 , <0. Hence, the privately optimal adoption timéater than
the socially optimal adoption time: ;® > 1 ;"8. (iv) Second, dP€ + m ,5)/dc, = (1ly § mAs {0 (20
\/g)ql + o} 0 B(XO Y)qu0,} < 0, which implies tha® Q¢/0 1 ; < 0. Hence, the privately optimal adoption
time islater than the socially optimal adoption time:,”© > t ,"“. These results hold irrelevant of the degree of
product differentiation.

In sum up, we have the following proposition:

Proposition 3. The speed of innovation for the first adopter is too slow relative to the social optimum, irrelevant

of the degree of product differentiation, in both Bertrand and Cournot duopoly markets.

Figure 1 illustrates the results in Proposition 2 and Proposition 3.
Quirmbach [1986] had the same results in the case of Cournot competition with homogeneous goods where

the number of adopting firms is two and the demand functions are linear (ibid. Proposition 8). Petrakis [1994] also
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had the same results in the case of Bertrand and Cournot duopoly with differentiated goods where the demand
functions are linear.

It is of quite interest to consider why the privately optimal adoption time caarber than the socially
optimal adoption time in spite of the existence of market power and the resulting distortion. In such a case, the
marginal benefit will be more for the imitator than for the consumer, and the marginal benefit for the consumer
will be less than marginal loss for the inventor. Moreover, it is not the consumer but the imitator who will
appropriate the increment of the social benefit. As a result, the private marginal benefit from innovation may be
larger than the social marginal benefit from innovation.

Taking the total differential of (4) and rearranging terms, we Bave, /0 o < 0 under Assumption 1.
That is, an increase in the ease of imitation accelerates innovation for the second adopter cldsh to 0, we
haved QB0 1 ,<0andd Q€0 1t ,<0. Since @8do =@ QB9 1 )0 T ,®/0 0)>0and @ do =
(0 Q% 1 )@ 1 ,7C/d o) > 0, an increase in the ease of imitatiomproves social welfare in both
competitions. Withd close to 1, we have in this ca3eQ®0 1t ,>0andd Q¢ 1 ,> 0. Since °8/do =
0 Q%9 1 )0 1,80 0)<O0and @%%do =@ Q€3 1 )0 T ,”/0 0) <0, an increase in the ease of

imitation worsenssocial welfare in both competitions. We have the following proposition:

Proposition 4 An increase in the ease of imitation improves (resp. worsens) social welfare in both Bertrand

and Cournot duopoly markets if products are highly differentiated (resp. substitutable).

Let us now compare social welfare at the optimum in both competitions. We first explore the effect on
producer’s surplus and then the effect on consumer’s surplus.
First, in which competition does producer’s surplus increase more due to the unit cost reduction by one firm?

That is, whether is largerif7 8/dc, | or |d/7 €/dc, | ? We have the following theorem:

Theorem 3. |df78/dc | > |d/7 “/dc; | with & close to zero.

Proof. We obtain @ ®/dc; = d(rr ® +  F)/dc; = drr B/dc + dir B/dc; = (1ly B)}{a®d d, + 2a°N/6 dOxVo (d)?
+ yvé ddOy Bd}, where dr ®/dc; =0 m %0 ¢ + 0 m %0 p)(@ p®/0 c) =d[0avé {Davo O
(y/a)d} y B0 1] and dt B/dc; = @ %0 p)@ pPlo c) = (ly B)lavo {2al (¥a)d}d] > 0, and d7 “/dc; =

d(rr ¢ +  ©)/dc = dir ©/dc + dir “/dc; = (1ly {0 A% g +2A°VS g+ AXVS  (q)’0 AYNS qgU y g}
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where dr “/dci =9 %0 ¢ + @ m%0 q)@ g0 c)=q{0AVS (AVS +Yq)ly 0 1}and dt,“/dc =
(@ %0 q)(©@ g0 c)=(1ly )AVS (2A+Xg)q]> 0. Withd close to 0, therefore, we hawd] ®/dc | =d,
> |dr7 ¢/dc; | =g by Theorem 1Q.E.D.

According to Theorem 3, if the degree of product differentiation is sufficiently high, then producer’s surplus
increases more in Bertrand competition than in Cournot competition.
Second, in which competition does consumer’s surplus increase more due to the unit cost reduction by one

firm? That is, which is largerdp 8/dc; | or |[d© ©/dc; | ? We have the following theorem:

Theorem 4. Assume thgix| and|X | are sufficiently small. Thepgd® /dc, | > |dO© “/dc;|forall0 0 & < 1.

Proof. We obtain @ ®/dc; = (O d;)(dp®/dc) + (O d))(dp®/dc) = (1ly B){ O 2a’dC] aZ\/5_ d + xddO y\/5_ (d)?
< 0, where @®/dc, = (1ly ®)(2a’0 xd) > 0 and @¢°/dc; = (1l E‘)(azx/5_ +yd) > 0. We also obtain@ “/dc; =
(O g)(dpdc) + (O g)(dp“dc) = (1ly {0 A*20 & )gO AZ\/5_ g0 (AXO AY\/5_ )aig0 (AX\/5_ O
AY)(q)3 < or > 0, where g¢/de; = @ p/d g)(dg%/dc) + @ p/d g)(daclde) = (Ly KO AVS (AVS +Yq)
+ A(2A + Xq)} > 0 and ¢“dc; = (0 p/d g)(dg/dc) + (@ p/d q)(dg/dc) = (Ly C){A\/5_ (2A + Xq)O
A(A\/5_ +YQ)} > or < 0. However, withd close to O (resp. < 1), it holds thatddc; < (resp. >) 0. If the
demand functions are less convex, thatx$,gnd K| are sufficiently small, then, substituting frans a A, we
have ®®8/dc O (O 1y ©)(2A%d; + AZ\/5_ d) <0 and ®%dc O (O 1ly (20 o )A%q + AZ\/S_ q} <0,
hence i@ 8/dc, | > [dO/dc | forall 00 & <1 by Theorem 1Q.E.D.

According to Theorem 4, consumer’s surplus increases more in Bertrand competition than in Cournot competition,
no matter how the degree of product differentiation may be.
In sum up, dA B/dc | > [dA C/dc | since d\ B/dc, = dr7 B/dc, + dO B/dc, and d\ ©/dc; = di7 ©/dc, + dO “/dc,.

Formally, we have the following theorem:
Theorem 5. Assume thgix| and|X | are sufficiently small. TheigA B/dc, | > [dA ©/dc; | with & close to zero.

A formal proof can be found in part (l1l) of Appendix.

According to Theorem 5, total surplus increases more in Bertrand competition than in Cournot competition if
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the demand functions are less convex and the degree of product differentiation is sufficiently high. The socially
optimal adoption times are then solved as interior solutions and they are earlier in Bertrand competition than in
Cournot competition, i.e., (0 ) "® <1 ;"C (< +0).

Hence, we have the following proposition:

Proposition 5. Social welfare at the optimum will be higher in Bertrand competition than in Cournot

competition if the degree of production differentiation is sufficiently high.

A proof can be found in part (IV) of Appendix.

Singh and Vives [1984], Vives [1985], Cheng [1985] and Qiu [1997] showed that Bertrand competition is
more efficient than Cournot competition in the sense that the price is lower and the output is larger, which implies
that total surplus is higher in Bertrand competition than in Cournot competition. Proposition 5 is an extension of

their analyses to the framework in which the timing issue arises.

5. CONCLUDING REMARKS

We have explored the differences between the Cournot and Bertrand market structures in the speed of innovation
adoption and then evaluated the results from the social optimality viewpoint. We have pointed out that market
structure (or industry) patterns may generate the differences. This point sharply contrasts with Mansfield [1985]
that found no significant differences across industries.

Imitation increases consumer’s surplus as well as producer’s surplus. We have shown that in highly
differentiated industries, the consumer will benefit more than the innovator (leader) will lose. As a result, the
private marginal benefits from innovation for the imitator (follower) will be larger than the social marginal
benefits from innovation. The privately optimal adoption times for the follower will be earlier than the socially
optimal adoption times and vice versa. We have also shown that innovation adoption will be worth more socially
in Bertarnd competition than in Cournot competition.

In both market structures (industries), if products are highly differentiated, then the private marginal benefit
from innovations for both firms are larger than the social marginal benefits from innovation. If products are
almost homogenous, then the private marginal benefit from innovation is smaller for the innovator (leader) and

larger for the imitator (follower) than the social marginal benefit from innovation. A social planner should force
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the follower topay a taxin the case of homogenous goods industries, as Petrakis [1994] suggested, or

alternatively, tqpay a feeo the leader, at which level the private and social marginal benefits from innovation are

equalized. With payment, the privately optimal adoption time would be earlier for the leader but later for the

follower than that without payment. The socially optimal adoption time, however, would not be affected.

APPENDIX

() Properties of the inverse demand functiongaking the total differential of the direct demand systems
d(, p) (,j =1, 2;i # j), we haved p,/0 ¢, = (L/a )(@ d,/0 p,) < 0,0 p/d g, = (J L/a )@ di/o p,) <O,
0 p,/0 g,={ 1/a )@ d,/o p,) <0andd p,/d q,=(L/a )0 d/o p) <0, wheread = (@ d,Jo p)(@ d,/o p,)U

@ dy/d p,)@ d,d p,) > O.

(1) Proof of Theorem 2 It follows tha&t Q/d T ,= Je " [{O(c A 1, GO A ) + 14,0 A 4, [0 A )}
0o{e (04, c) + m(cdA 4, c)}. There exists somekK (c,[] A ,, c,) that satisfies® (¢,[J A ;, .0 A ) +
m.(c0A , GOA )N O{O(c,HA ;,c) + m(c,[TA , &)} = (0A )d{O(c,[TA 4, K) + 11 ,(c,[T A ,, K}dc, by
the Mean Value Theorem. HenéeQ /0 t , < (resp. >) 0 holds as @ (c,[J 4 ,, K) + T ,(c,[J A ,, K)}dg, <
(resp. >) 0. Q.E.D.

(Ill) Proof of Theorers We have d ®/dc; = (1iy ®){ 0 (20 8 )a?d, +a+/d d + xJ yvd )ddOd xS O

y)(d)? 0 y Bd] and dA “/dc; = (1ly O{ O 2A%q; + AZ\/gqu AXqg; + AY(g)3 0 v “q]. Hence, fiA B/dc | =d, +
(Lly B{(20 & )a?dO azx/gde (xO y\/é_)didj + (X\/5_ Oy)(d)? and |dA “/dc | = g + (1ly )2AqO

As q + AXqqgO AY(g)?}]. With & =0, since fiA B/dc | =d, + (1ly B){(2a*d0 xdd,0 y)(d)?} and |[dA “/dc |
=q + (1ly 9{2A% + AXqqO AY(g)?}, we have only to investigate the sign df| ®/dc; |0 |dA “/dc;| = @O )
+ {2A%(y Pla 9} A%y gl +{(0 Xy ®)dd0 (AXly aal +{(yly °)(d)* + (AYly )(q)?}, whered[ g
> 0 by Theorem 1 and/fy ®)(d)> + (AY/y ©)(q)> O O. First, in order to investigate the sign oAy ®/a ?)}d,

0 (2A?%y ©)q, we should show the following lemma:

Lemma Al. If | x| is sufficiently small, thew B/a 20 y Cforall00 o <1.

Proof. Substituting froma = a A intoy ® = {2a (Wa)d}2 al (Wa)d}0 {0 aVs O (a)d} Davs O
(/a)d} (> 0), we havey ®a 2 = (40 & )A0 (Ua )(@x + yS )(d + d) + (L H{(XAYD (yIAY}dd,

Comparing it withy ©= (40 & )A> + (2AXJ AYVS  )(g + ) + (X*0 Y)’qq; (> 0), we havey ®B/a 20 y © for
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alod o <1if|x]is sufficiently smallQ.E.D.

In view of Lemma A1, we have £/(y B/a ?}d0 (2A%y ©)qg; > 0 sinced, > ¢. Second, in order to investigate

the sign of{J Xy ®)dd (AX'y ©)qq}, we should show the following lemma, which proof is straightforward:

Lemma A2. If |X|is sufficiently small, thejx|/y B0 AX/y Sforall00 & <1.

In view of Lemma Al, we have)(x/y ®)ddO (AX'y “)qgq > 0 sinced;, > g. By Lemma Al and Lemma A2,
therefore, we havelf\ B/dc | > |dA /dc |. Q.E.D.

(IV) Proof of Proposition 5 First, A 80 A ©={U(d,(p5, p,), d,(p:&, p,5), M) c,d,(p.&, p.,2)0 c,dy(p:E, p,B)} O

{U(a,S, 9,5, M) ¢,0,°00 c,0,°}. Let total surplus asS(z, z) = U(z, 2, M)O c,z00 ¢,z, and take the total
differential ofSz, z,). Then, &z, z,) > (resp. <) 0 if and only ifggd c,)/(p,] ¢,) > (resp. <) dz,/dz;, wherep

=0 U/0 z>c.We have 8z, z) > 0 sinced; > g, implies that & > 0, henceg(d,, d,) > Sq,, ¢,)- That is, ex ante

total surplus is larger in Bertrand competition than in Cournot competiti(c,, c,) > A ¢(c,, ¢,). Second,

social welfare at the social optimum (*, 7 ,”) is written as:Q = (1/o )[A (¢, C,) +e ™ {0 dN(T ,”)/dt} +

e "2 {0 dN(t ,”)/dt }]. We have already shown in the main text thaf® < T ;" if the demand functions are

less convex and the degree of production differentiation is sufficiently high. Thus, under Assumption 1, we have

QB> QC Q.ED.
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