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A game of subsidization or taxation for new technology
adoption in international duopoly

Masahiko Hattori and Yasuhito Tanaka*

Doshisha University Japan

The adoption of new technology by firms is important for the economic
growth, particularly developing countries. However, depending on the
values of various parameters about demand, production cost, and set-
up cost, the adoption of new technology by firms may be insufficient or
excessive in less competitive industries from the point of view of social
welfare. Then, subsidization or taxation policies by the governments are
necessary. In this paper we present an analysis of subsidization or taxation
for new technology adoption in a framework of international duopoly with
differentiated goods.

JEL classification: F13, D43, 113
Keywords: subsidy or tax, new technology adoption, international duopoly

1. Introduction

We consider the following story. There are two countries: one is a developed
country; the other is a developing country. Across these countries, there
is a duopolistic industry with one firm in each country. The firms produce
differentiated goods, and the goods are substitutes or complements. They can use
a common new production technology which is more efficient than the present
technology. The production cost with the new technology is lower than that with
the present technology. This new technology is developed by a laboratory or
a firm in the developed country, and the government of the developed country
wants to transfer the new technology to the developing country as a foreign aid
free of charge. However, both the firm in the developed country and the firm in
the developing country must expend some fixed set-up cost for the education of
its staff to adopt and use the new technology.

We may consider a different story with two developing countries and an
international organization which develops a new technology.

“ Please address all correspondence to yatanaka@mail.doshisha.ac.jp
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The adoption of new technology by firms is important for economic growth of
countries, particularly developing countries. However, depending on the values of
various parameters about demand, production cost, and set-up cost, the adoption
of new technology by firms may be insufficient or excessive in less competitive
industries from the point of view of social welfare. Then, subsidization or taxation
policies by the governments are necessary. In this paper, we present an analysis
of subsidization or taxation for new technology adoption in a framework of
international duopoly with differentiated goods.

There are many references about technology adoption or R & D investment in
duopoly or oligopoly such as Boone [2001], Dermot and Neary [2009], Elberfeld
and Nti [2004], Filippini [2005], Kabiraj [2005], Kamien and Tauman [1986],
Katz and Shapiro [1985], La Manna [1993], Matsumura, Matsushima, and Cato
[2013], Pal [2010], Sen and Tauman [2007], Wang and Yang [2004], Watanabe
and Muto [2008], Zhang, Mei, and Zhong [2014], Hattori and Tanaka [2014] and
[2015]. In particular, the model in Pal [2010] and the model of this paper are
similar. However, in Pal [2010], the governments’ policies are not analyzed.

We consider the following three-stage game. In the first stage, the government
of each country determines a subsidy to or a tax on its firm for the adoption of
new technology. In the second stage, the firms decide whether or not they adopt
new technology. In the third stage, the firms determine their outputs.

At the sub-game perfect equilibrium after the second stage of the game, one
or two or no firm adopts new technology depending on the values of the set-up
cost and subsidy or tax. The social welfare in each country is defined to be the
sum of consumers’ surplus and the profit of the firm in that country, which is
equal to consumers’ utility minus production cost including the set-up cost of
new technology. Subsidies to the firms are financed by lump-sum taxes on the
consumers. Taxes on the firms are transferred to the consumers as a lump-sum
manner. The lump-sum taxes and transfers are not related to the goods of the
firms. Excluding income effects, they do not affect the demand for the goods, and
they are canceled out with subsidies or taxes in the social welfare.

There are several types of equilibria. Many equilibria are states with subsidies
to the firms or inaction of the governments. However, a part of equilibria are states
with taxes on the firms.

In the case where the goods of the firms are substitutes, there is the following
equilibrium. Without subsidy or tax, one country does not want the adoption of
new technology by its firm, the other country wants, and the firm in the former
country has an incentive to adopt new technology. Then the government of the
former country should impose a tax on its firm to prevent the adoption of new
technology. See 2-(3)-(ii) of Theorem 1.

In the case where the goods are complements, there is the following
equilibrium. Without subsidy or tax both firms adopt new technology and no
country wants adoption, then both governments should impose taxes on their firms
to prevent the adoption of new technology. See 2-(3)-(ii) and 3-(4) of Theorem 2.
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In the next section, we present the model of this paper. In Section 3, we analyze
a game of subsidization between two countries when the goods of the firms are
substitutes. In Section 4, we consider the case of complements.

2. The model

There are two firms in two countries: Firm A in Country A and Firm B in
Country B. The firms supply differentiated goods to their domestic countries and
export them to their foreign countries. The firms consider the adoption of new
technology. Technology itself is free, but each firm must expend a fixed set-up
cost, for example, the education cost of its staff.

The government of each country may subsidize or tax the firm in the country
so as to maximize the social welfare, which is the sum of consumers’ surplus, and
the profit of the firm, which is equal to consumers’ utility minus production cost
including the set-up cost of new technology. Subsidies to the firms are financed
by lump-sum taxes on the consumers, and the taxes on the firms are transferred
to the consumers in a lump-sum manner. The lump-sum taxes or transfers are not
related to the goods of the firms. Excluding income effects, they do not affect the
demand for the goods, and they are canceled out with subsidies or taxes in the
social welfare.

We denote the supplies of Firm A and B to Country A by x, and x, and
their supplies to Country B by y and y,, the prices of their goods in Country A
by p, and p, and the prices in Country B by ¢, and ¢,. The utility functions of
consumers in Country A and B are

1 1
u,=a(x, +xB)—Exf1 —bx x, —Exé,

1 1
uy=a(y, +y3)—5yi —by,ys —Eyéa

where a@ > 0. When the goods of the firms are substitutes, 0 <5 <1, and when
the goods are complements, —1 < b < 0. From these utility functions, the inverse
demand functions in Country A and B are derived as follows.

Pa=a—x,—bxy, py=a—x,—bx,,
g,=a—-y,~byg.qy=a-y,—by,
The marginal cost before the adoption of new technology is ¢, and the
marginal cost after the adoption of new technology is zero. They are common to

both firms. A fixed set-up cost is e, which is also common. There is no fixed cost
other than the set-up cost. The subsidy to or tax on Firm A by Country A for new
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technology adoption is denoted by s, and that by Country B is s,. If 5, or 5, is
negative, it is a tax. The net set-up costs of Firm A and Firm B are

e,=e—s,,e,=e—s,.

We analyze a game of subsidy or tax policies for new technology adoption
between two countries.

If the adoption of new technology and non-adoption are indifferent for a
firm, it adopts new technology. Also, if the adoption of new technology and non-
adoption are indifferent for a country, the government of the country selects the
adoption of new technology.

We consider the following three-stage game. In the first stage, the government
of each country determines a subsidy to or tax on its firm for the adoption of new
technology. In the second stage, each firm decides whether or not it adopts new
technology. In the third stage, the firms determine x,, x,, y, and y,.

Before the adoption of new technology, the social welfare of Country A and
the social welfare of Country B are as follows:

1 1
w, :a(xA +x5)_5x124 —Exf; _be'xB —PpXpt 44V, _C(xA +yA)7

1 1
Wy=a(y,+ ) —Eyi —Eyé — by, Yy — QY.+ PpXy —c(xp+ y),

After the adoption of new technology by the firms they are

1 1
W,=a(x, +)CB)—E)cf1 —Exfg —bx xy—ppx,+q,y,—6

1 1
Wy=a(y,+y,) —Eyi —Eyé by, Vs — QY.+ PpXs —e.

3. Case of substitutes
3.1. Firm behavior

First, we consider the case of substitutes. We assume, without loss of generality,
e <e;,i,je{4 B}, j# i. The profits of Firm A and B before the adoption of new
technology are

w,=(a—x,—bxp)x,+(a-y,—byy)y,—c(x,+y,),

y=(a—x,=bx)xz+(a—y,—by,)ys—c(xz+y,)
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After the adoption of new technology, they are

ry=(a—x,—bxy)x, +(a—y,~byy)y,—e,

7y =(a—x5—=bx)xy+(a—y,—by,)y, —es.

We assume Cournot type behavior of the firms.
The conditions for profit maximization in Country A in the third stage of the
game when both firms adopt new technology are

a—2x,~bx,=0,a-2x,—bx,=0.

The equilibrium outputs and prices are

a a
Xy =Xp = sPy=Pp=

2+b 2+b

Similarly, the conditions for profit maximization in Country B are
a-2y,—by,=0,a-2y,-by,=0.

The equilibrium outputs and prices are

Ya= Ve =y da = A =y

The profits of Firm A and B are written as follows:

2a° 24°

ﬁAzm—eA,ﬁBZm—b)z—eg-

The conditions for profit maximization in Country A when only Firm A adopts
the new technology are

a—-2x,-bxy;=0,a-2x,-bx,—c=0.

The equilibrium outputs are

(2-b)a+bc (2-b)a-2c
MRy T Ty

The prices of the goods are

_(2-b)a+bc _(2—b)a+(2—b2)c
Py 4_p > Pp 4_p
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Similarly, the conditions for profit maximization in Country B are
a-2y,—by,=0,a-2y,-by,—c=0.

The equilibrium outputs are

(2-b)a+bc (2-b)a-2c
My T ey

The prices of the goods are

(2-b)a+bc 2-b)a+(2-b*)c
qA: 4_b2 9QB: 4_b2 N

The profits of the firms are written as follows:

i 2[2-b)a+bc]’ e xi = 2[(2—-b)a—2cT '
(4-b7y (4-b*)

Similarly, the profits of the firms when only Firm B adopts new technology are

written as follows:

= 2[(2-b)a—2c] e 2[(2-bya+bc] .
(4-0") (4-5)’ ’

The conditions for profit maximization in Country A when no firm adopts new
technology are

a—-2x,—bxy,—c=0,a-2x,-bx,—c=0.

The equilibrium outputs and prices are

a-c a+(1+b)c
Sy PPy

Similarly, the conditions for profit maximization in Country B are
a=-2y,—by,—c=0,a-2y,-by,—c=0.
The equilibrium outputs and prices are

a+(+b)c
g, =g, =2rdrbe

B a-c
Y= Ve =y T s T
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The profits of the firms are written as follows:

0 0 _2(a—c)2

AT T oy

It
A B A
gazmyand 7527y,

that is
2a° Ce> 2[(2-b)a—2cT
Q2+b? 7 (4-Db)

i€ {4, B},

the best response of Firm i (A or B) when the rival firm adopts new technology is
the adoption of new technology. Then, we have

. < 8c[(2—-b)a—c] .
i (4_b2)2
If

A 0 B 0
my2rnand g > 7y,

that is

22-bya+bc] _2a-c) .
G-py G ey S

the best response of Firm 7 when the rival firm does not adopt new technology is
the adoption of new technology. Then, we have

. < 8c[(2—b)a—(1-b)c] .
' 4-b*)

Let

o = 8c[(2—-b)a—(1-b)c] o = 8c[(2—-b)a—c]
(4-b*) ’ (4-b*)

Since 0< b <1, we have ¢ > ¢'. Thus, we get the following lemma.

Lemma 1. When the goods are substitutes, the sub-game perfect equilibria after
the second stage of the game are as follows.

L If ¢ <e, < e', the sub-game perfect equilibrium is a state where both firms
adopt new technology.

2. Ife <e'< e < e’, the sub-game perfect equilibrium is a state where only Firm
i adopts new technology.
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3. If e <e'<e’<e ;> the sub-game perfect equilibrium is a state where only Firm
i adopts new technology.

4. If ¢' <e < e’ <e,, the sub-game perfect equilibrium is a state where only Firm
i adopts new technology.

5. If e'<e < e; < ¢’, the sub-game perfect equilibrium is a state where only one
firm (Firm i or j) adopts new technology.

6. Ife"<e <e . » the sub-game perfect equilibrium is a state where no firm adopts
new technology.

Proof

1. The adoption of new technology is a dominant strategy for both firms.

2. Adoption is a dominant strategy for Firm 7, and non-adoption is the best response for Firm
j to adoption by Firm i .

3. Adoption is a dominant strategy for Firm i, and non-adoption is a dominant strategy for
Firm ;.

4. Adoption is the best response for Firm ; to non-adoption by Firm ;, and non-adoption is a
dominant strategy for Firm j .

5. Adoption is the best response for each firm to non-adoption by the rival firm, and non-
adoption is the best response for each firm to adoption by the rival firm. Thus, only one firm
(Firm i or j ) adopts new technology.

6. Non-adoption is a dominant strategy for both firms.

3.2. Subsidy and tax policies

When both firms adopt new technology, the social welfare of Country A and
that of Country B are

A _ (3+b)a’ 3
Wi=Ws —(2+b)2

When only Firm A adopts new technology, they are

B 24a* +2a*h® = 2a°b* —16a*b —2ab’c — 2ab*c + 16abc —8ac + b*c* + 4¢* 3

WA
8 2(4-b*)

e’

244’ +2a’b’ -2a’b’ —16a’b—2ab’c + 6ab’c + 16abc — 40ac —3b°c* +20c’

WA
? 2(4-b*)
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When only Firm B adopts new technology, they are

WP 24a* +2a°h® - 2a*b* —16a’h - 2ab’c + 6ab*c +16abc — 40ac — 3b°c* + 20¢”
4 2(4-b7) ’

s 24a° +2a°b’ —2a*b* —16a’b —2ab’c — 2ab*c + 16abc —8ac + b*c* +4c”

W = 24-b7) —C

When no firm adopts new technology, they are

oo - GrD)a=c)
(2+b)

Let

_ 2 _ 2 3
elr:WA-i_e_WAB:WB+e_WBA:(40a 6ab 1626(z‘b‘+2i))2c+2ab ZOC)C,

o y 0 B o (40a+2ab’ —6ab* —16ab —2b’c + 3b°c +16bc — 20¢)c
e, =W, +e-W,=W, +e-W, = 24y .

Since 0< b <1, we see

eo —el _ (8_b2)b02 >
w w (4_b2)2

Then, we obtain the following lemma.
Lemma 2.

. If e<e! , both countries want the adoption of new technology by their firms.

. If e} <e<e’, each country wants the adoption of new technology by its firm
when the firm in the other country does not adopt, and it wants non-adoption
when the firm in the other country adopts.

3. If e> e}, both countries want non-adoption of new technology by their firms.

w

N =
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FIGURE 1. The graphs of e, e, ea, and e"v: a=10,c=4,0<b<1

45 | | | | &

1 I
| €

40

35

30

25

20 | | | |

For reasonable values of parameters, a, ¢ and b, we can show (in Figure 1)
0 0 0 1 1 1
e,—e >0,e, —e >0,e,—¢ >0.
However,

L0 (8a +2ab’ — 6ab* + 3b*c —16bc — 4c)c
2(4-b%)

may be positive or negative. For example, if a =10, ¢=4, it is negative for
0.73 < b<1. Thus, the more substitutable the goods of the firms are, the more likely
negative the value of ¢! —¢° is.

About the equilibrium policies we get the following theorem.

Theorem 1.

1. When e! > ¢°, the equilibria of the game between two countries are as follows.

(1) If e<e', both governments do nothing.

(2) If ¢' <e<e’, both countries give subsidies to their firms. The level of the
subsidy in each country must not be smaller than e—¢'.

(3) If ¢’ <e<eé! , both countries give subsidies to their firms. The level of the
subsidy in each country must not be smaller than e—e'.
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(4) If ! <e<e’, one country, A or B, gives a subsidy to its firm. The level of
the subsidy must not be smaller than ¢ —¢°.

(5) If e>e’, both governments do nothing.

2. When e, < ¢’, the equilibria of the game between two countries are as follows.
(1) If e<é', both governments do nothing.

(2) If ' <e<eé, both countries give subsidies to their firms. The level of the
subsidy in each country must not be smaller than e—e'.

(3) If ¢! <e<e’, there are three types of equilibria.
i. The government of each country should do nothing.

ii.  Only one country should impose a tax on its firm. The level of the tax
must be larger than ¢° —e.

iii.  Only one country should give a subsidy to its firm. The level of the
subsidy must not be smaller than e —e¢'.

(4) If &’ <e<e!, one country, either A or B, gives a subsidy to its firm. The
level of the subsidy must not be smaller than e—¢°.

(5) If e> ¢’ , both governments do nothing.

Proof

1. (1) In this case, both firms adopt the new technology without subsidy or tax, and both
countries want the adoption of new technology by their firms. Thus, each country
should do nothing.

(2) In this case, although both countries want the adoption of new technology by their
firms, only one firm adopts new technology without subsidy or tax (Case 5 of Lemma
1). Then, both countries should give subsidies to their firms. If only one country gives
a subsidy, we obtain Case 2 of Lemma 1 and only one firm adopts new technology. The
level of the subsidy in each country must not be smaller than e—e'.

(3) In this case, although both countries want the adoption of new technology by their
firms, no firm adopts new technology without subsidy or tax. Thus, both countries
should give subsidies to their firms. The level of the subsidy in each country must not
be smaller than e —e'.

(4) In this case, although one country (A or B) wants the adoption of new technology by
its firm, no firm adopts new technology without subsidy or tax. Thus, one country gives
a subsidy to its firm. The level of the subsidy must not be smaller than e — e . It makes
Case 4 of Lemma 1 emerge. It is sufficient for one of the firms to adopt new technology.

(5) In this case, no firm adopts new technology without subsidy or tax, and both countries
do not want the adoption of new technology by their firms. Thus, each country should
do nothing.
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(1) TIts proof is the same as the proof of (1) of 1.
(2) Its proof is the same as the proof of (2) of 1.

(3) In this case, at the equilibrium only one firm adopts new technology, and only one
country wants the adoption of new technology by its firm. There are three types of
equilibria.

i. If Country A (or B) wants adoption and Firm A (or B) adopts, the equilibrium
policy is to do nothing.

ii. If Country A (or B) wants adoption and Firm B (or A) adopts, Country B (or
A) imposes a tax on its firm to prevent the adoption of new technology by its
firm. The level of the tax must be larger than e —e Then, Case 4 of Lemma 1
emerges, and only Firm A (or B) has an incentive to adopt.

iii. If Country A (or B) wants adoption and Firm B (or A) adopts, Country A (or
B) gives a subsidy to its firm. The level of the subsidy must not be smaller than
e—e'. Then, Case 2 of Lemma 1 emerges, and only Firm A (or B) adopts new
technology.

(4) Its proof is the same as the proof of (4) of 1.
(5) Its proof is the same as the proof of (5) of 1.

4. A case of complements

4.1. Firm behavior

Next, we consider a case where the goods are complements. Assume

e,.SeJ.,i,je{A, B), j#i. Since b<0, we have e’ <e'. Thus, we obtain the
following lemma.

Lemma 3. If the goods are complements, the sub-game perfect equilibria in the

3.

4.

game after the second stage are as follows.
If ¢, <e, < e’, the sub-game perfect equilibrium is a state where both firms
adopt new technology.
If e <e’< e < ¢', the sub-game perfect equilibrium is a state where both firms
adopt new technology.

Ife<e<e' < e;, the sub-game perfect equilibrium is a state where only Firm

i adopts new technology.

If "<e < e; < e', there are two sub-game perfect equilibria. One is a state
where no firm adopts new technology, and the other is a state where both firms
adopt new technology.

CIfel<e <e' < e;, the sub-game perfect equilibrium is a state where no firm

adopts new technology.

CIfel<e < e;, the sub-game perfect equilibrium is a state where no firm adopts

new technology.
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Proof

1. The adoption of new technology is a dominant strategy for both firms.

2. Adoption is a dominant strategy for Firm i, and adoption is the best response for Firm j
to adoption by Firm i .

3. Adoption is a dominant strategy for Firm i, and non-adoption is a dominant strategy for
Firm j .

4. Adoption is the best response for each firm to adoption by the rival firm, and non-adoption
is the best response for each firm to non-adoption by the rival firm. Thus, there are two sub-
game perfect equilibria. One is a state where no firm adopts new technology, and the other
is a state where both firms adopt new technology.

5. Non-adoption is the best response for Firm 7 to non-adoption by Firm j, and non-adoption
is a dominant strategy for Firm j.

6. Non-adoption is a dominant strategy for both firms.

4.2. Subsidy or tax policies

Since <0, we have
12\ 3 2
e&—e@z%<0

About the social welfare of the countries Lemma 2 is modified as follows:

Lemma 4. If the goods are complements,

1. If e<eé’, both countries want the adoption of new technology by their firms.

2. If ¢ <e<e!, each country wants the adoption of new technology by its firm
when the firm in the other country adopts, and it wants non-adoption when the
firm in the other country does not adopt.

3. If e> ¢!, both countries want non-adoption of new technology by their firms.

FIGURE 2. The graphs of ¢, ¢', ¢’ and ¢! : ¢ =10, c=4, -1<h<0
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For reasonable values of parameters, a, ¢ and b, we can show (in Figure 2)

e —e’>0.

> Tw

0 0
e,—e >0

However,
0 (8a +2ab’ —6ab® —2b’c + 3b°c +16bc — 4c)c
2(4-b%)

may be positive or negative. For example, if ¢ =10, ¢=4, it is negative for
—1<b<-0.65. Thus, the more complementary the goods of the firms are, the
more likely negative the value of ¢’ —¢' is. Also

Lo (8a +3b*c+2ab’ —6ab’a —4c)c
N 2(4-b%)

may be positive or negative. If a =10, ¢=4, it is negative for —1<b<-0.974.
Thus, if the goods are extremely complementary, ¢! —e' may be negative. About
the equilibrium policies we get the following theorem.

Theorem 2. If the goods are complements, the equilibrium of the game between
two countries are as follows.
1. When e >¢' and e, >¢', the equilibria of the game between two countries
are as follows.

(1) If e<e’, both governments do nothing.

(2) If &” < e< €', there are three sub-game perfect equilibria. The first is a state
where the governments should do nothing. The second is a state where
both countries give subsidies to their firms. And the third is a state where
one country gives a subsidy to its firm. The level of the subsidy in each
country in the latter two cases must not be smaller than ¢ —¢°. Both firms
adopt new technology even when only one country gives a subsidy to its
firm.

(3) If €' <e<é’, both countries give subsidies to their firms. The level of the
subsidy in each country must not be smaller than ¢ —¢°.

(4) If &) <e<eé!, there are two sub-game perfect equilibria. One is a state
where both countries give subsidies to their firms, and the other is a state
where both governments do nothing. The level of the subsidy in each coun-
try in the former case must not be smaller than ¢ —¢°.

(5) If e> e, both governments do nothing.
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2. When €’ <e' and e, > €', the equilibria of the game between two countries
are as follows.

(M
@
)

“4)
)

If e< ¢, the equilibrium is the same as that in (1) of 1.
If ¢’ <e<e!, the equilibrium is the same as that in (2) of 1.
If &° <e<eé', there are three types of equilibria.

i. Both governments should do nothing.

ii. Both governments should impose taxes on their firms to prevent the
adoption of new technology. The level of the tax in each country must
be larger than e' —e.

iii. Both governments give subsidies to their firms. The level of the sub-
sidy in each country must not be smaller than e—e’.

If ¢' <e<e!, the equilibrium is the same as that in (4) of 1.

If e> ¢!, the equilibrium is the same as that in (5) of 1.

3. When e’ <e' and e} <e', the equilibria of the game between two countries
are as follows.

(M
2
€
“4)

)

Proof

If ¢e<e , the equilibrium is the same as that in (1) of 1 and 2.
If &” <e<e’, the equilibrium is the same as that in (2) of 1 and 2.
If & <e<e!, the equilibrium is the same as that in (3) of 2.

If ¢ <e<e', both governments do nothing, or both governments impose

W

taxes on their firms.

If e>e', the equilibrium is the same as that in (5) of 1 and 2.

1. (1) In this case, both firms adopt new technology without subsidy or tax, and both countries

@

©)

want the adoption of new technology by their firms. Thus, each country should do
nothing.

In this case, both countries want the adoption of new technology by their firms. On the
other hand, there are two sub-game perfect equilibria in the game after the second stage
without subsidy or tax. One is a state where both firms adopt new technology, and the
other is a state where no firm adopts new technology (Case 4 of Lemma 3). In the first
case, the governments should do nothing. Consider the latter case. If one country gives
a subsidy to its firm so that it adopts new technology, the firm in the other country has
an incentive to adopt new technology. Then, both firms adopt new technology even
when only one country gives a subsidy to its firm. However, since both countries have
incentives to give subsidies, subsidization by both countries and subsidization by only
one country are sub-game perfect equilibria. The level of the subsidy in at least one of
the countries must not be smaller than e —e°.

In this case, although both countries want the adoption of new technology by their
firms, no firm adopts new technology without subsidy or tax. Thus, both countries
should give subsidies to their firms. The level of the subsidy in each country must not
be smaller than e—e°.
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(4) In this case, no firm adopts new technology without subsidy or tax. On the other hand,
both countries want the adoption of new technology by their firms, or no country wants
adoption by its firm. Thus, there are two sub-game prefect equilibria. One is a state
where both countries give subsidies to their firms, and the other is a state where no
country gives a subsidy to its firm. The level of the subsidy in each country in the
former case isl e—e°.

(5) In this case, no firm adopts new technology without subsidy or tax, and both countries
do not want the adoption of new technology by their firms. Thus, each country should
do nothing.

2. (3) In this case, two firms adopt or no firm adopts new technology after the second stage
of the game. Also, in the first stage, two countries want the adoption of new technology
by their firms, or no country wants adoption. Thus, there are three types of equilibria.

i. 1. If both firms adopt new technology and both countries want adoption, or no firm
adopts new technology and no country wants adoption. Then, both governments
should do nothing.

ii.  ii. If both firms adopt new technology, and no country wants adoption. Then, both
governments should impose taxes on their firms to prevent the adoption of new
technology. The level of the tax in each country must be larger than e' —e.

iii. iii. If no firm adopts new technology, and both countries want adoption. Then,
both governments give subsidies to their firms. The level of the subsidy in each
country must not be smaller than e—¢’.

3. (4) In this case, no country wants the adoption of new technology. On the other hand, two
firms adopt or no firm adopts after the second stage of the game. In the latter case both
governments should do nothing. In the former case both governments should impose
taxes on their firms. The level of the tax in each country must be larger than e' —e.

4.2. Payoff dominance and correlated strategies in (4) of 1 in Theorem 2

In (4) of 1 in Theorem 2, there are two sub-game perfect equilibria. One is a
state where both countries give subsidies to their firms, and the other is a state
where no country gives a subsidy.

Let us compare the social welfare in each country between two equilibria.
Comparing W (=W j) and W°(=w,),

O(a) VK—W£=W—
(2+b)

Since e is not larger than e‘ly we have

(8a—2b’c —b*c +16bc —4c +2ab’ + 2ab* —16ab)c
2(4-b") '

O(a)>

1

In (2), (3), and (4) of 1 and 3-iii of 2, the subsidy by one of the governments may be e—e', which is
smaller than e—e”. However, the large subsidy does not change the social welfare because subsidies and
lump-sum taxes are canceled out in the social welfare. In these cases, the subsidy by the other government
must not be smaller than e—e".
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When a =c, we get

4+ b*)c?

D= apy

Since —1<b <0 and a > ¢, we have

00(a) 8+2b°+2b° —16b

> 0.
oa 2(4-b%)

Therefore, ®(a)> 0, and the equilibrium of subsidization by both countries
is payoff dominant to the equilibrium of subsidization by no country. If there are
some correlated strategies, the former equilibrium can be realized.

Similarly, in (4) of 2 in Theorem 2, the equilibrium where both firms adopt is
payoff dominant to the equilibrium where no firm adopts.

5. Concluding remarks

In this paper, we analyzed a game of subsidization for new technology adoption
between two countries in an international duopoly. The optimal policies for each
country and the equilibria of a game between two countries are not simple. They
depend on the magnitude of the set-up costs and whether or not the goods of
firms are substitutes or complements. Many equilibria are states with subsidies to
the firms or inaction of the governments. However, a part of equilibria are states
with taxes on the firms. The tax cases emerge when e, <e’ or el <eore <e.
Theorems 1 and 2 have shown that the more substitutable or more complementary
the goods of the firms are, the more likely the equilibrium policies are taxation.

References

Boone, J. [2001] “Intensity of competition and the incentive to innovate”,
International Journal of Industrial Organization 19: 705-726.

Dermot L. and J. P. Neary [2009] “Multilateral subsidy games”, Economic Theory
41: 41-66.

Elberfeld, W. and K. O. Nti [2004] “Oligopolistic competition and new technology
adoption under uncertainty”, Journal of Economics 82: 105-121.

Filippini, L. [2005] “Licensing contract in a Stackelberg model”, The Manchester
School 73: 582-598.

Hattori, M. and Y. Tanaka [2014] “Incentive for adoption of new technology in
duopoly under absolute and relative profit maximization”, Economics Bulletin
34:2051-2059.



The Philippine Review of Economics, Vol. LV Nos. 1 and 2, June and December 2018 127

Hattori, M. and Y. Tanaka [2015] “Subsidy or tax policy for new technology
adoption in duopoly with quadratic and linear cost functions”, Economics
Bulletin 35: 1423-1433.

Kabiraj, T. [2005] “Technology transfer in a Stackelberg structure: licensing
contracts and welfare”, The Manchester School 73: 1-28.

Kamien, T. and Y. Tauman [1986] “Fees versus royalties and the private value of a
patent”, Quarterly Journal of Economics 101: 471-492.

Katz, M. and C. Shapiro [1985] “On the licensing of innovations”, Rand Journal
of Economics 16: 504-520.

La Manna, M. [1993] “Asymmetric oligopoly and technology transfers”,
Economic Journal 103: 436-443.

Matsumura, T., N. Matsushima, and S. Cato [2013] “Competitiveness and R&D
competition revisited”, Economic modelling 31: 541-547.

Pal, R. [2010] “Technology adoption in a differentiated duopoly: Cournot versus
Bertrand”, Research in Economics 64: 128-136.

Sen, D. and Y. Tauman [2007] “General licensing schemes for a cost-reducing
innovation”, Games and Economic Behavior 59: 163-186.

Wang, X. H. and B. Z. Yang [2004] “On technology licensing in a Stackelberg
duopoly”, Australian Economic Papers 43: 448-458.

Watanabe N. and S. Muto [2008] “Stable profit sharing in a patent licensing
game: general bargaining outcomes”, International Journal of Game Theory
37: 505-523.

Zhang, Y., S. Mei, and W. Zhong [2014] “New technology adoption in a Cournot
oligopoly with spillovers”, Journal of Economics 112: 115-136.



