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ABSTRACT

We develop a theoretical model of strategic competition between the home firm and the foreign

firm in the home market of a less developed country. Both the firms receive subsidy on the
R&D activities from their governments. We analyse the properties of optimal subsidy policies
of the govermments of the two countries in the two cases : (i) each of the two governments
maximizes her own welfare, (ii) both of them maximize the joint welfare.
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1. INTRODUCTION

Due to the trade liberalization policies of the governments in the developing countries,
the firms in those countries, are facing stiff competition from the firms of the developed
countries even in their own home markets. According to the GATT accord, the governments
of these countries are now being restricted to subsidize exports. Therefore, the governments
of the developing countries now are more inclined to subsidize research and development
(R&D) activities of the firms to boost their competitiveness. In the less developed countries
like India, R&D activities by the firms is a growing phenomenon in more recent times. It
has been found' that real R&D expenditures in the private sector firms in India have grown
at about 7% in thel990’s. In the industry groups like telecom, agricultural machinery,
chemicals, dye-stuff, drugs and pharmaceuticals, textiles, soaps and cosmetics, glass and
cements etc, the R&D expenditure in the 1990’s have grown at a rate higher than that in
the previous decade, Government of India has been giving tax concessions on R&D

expenditure for a long time.

* We are grateful to the referee of this journal for his comments on an earlier version of this paper
with a different title. Remaining errors are ours only.

1. Evidences are available in Basant(2000)
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In this paper, the objective is to do a theoretical analysis of the problem of strategic
competition between the home firm and the foreign firm in the home market of a less
developed economy. Spencer and Brander(1983) analyse the problem in the context of two
firms from two developed countries competing in the export market. We consider a model
of two countries, each of them having a single firm. They compete in the home market of
one of the two countries (the home country).This home firm is trying to increase the market
share in the home market and the foreign firm (country) attempts to increase her export
share. The home firm is engaged in R&D activity to reduce the cost of production, the R&D
being undertaken before the associated output is produced. The government in the home
country commits itself to R&D subsidy before decisions on R&D level is made by the firm.
So the government becomes the first player in the multistage game and can influence the
equilibrium outcome of the game played by the two firms. The foreign country government
can also retaliate by subsidizing the foreign firm’s R&D activity in the similar manner.
Therefore the two governments can engage themselves in a subsidy game.

The model of the strategic competition is based on a three-stage game. In the first stage,
the governments of the two countries play a Nash - Cournot game, choosing the R&D
subsidy rate. In the second stage , the firms of the two countries, knowing the subsidy levels
choose the R&D levels; and then, in the third stage, the firms finally choose the output
levels. They play Cournot game with each other in both these stages. Governments choose
the optimum R&D subsidy rates by maximizing their own domestic welfare. For the foreign
government, the welfare is defined as the profit of the firm less the total subsidy. However,
for the home country in addition to the profit of the firm, domestic consumer surplus is also
included in the welfare function, since the output is sold in the home market.In Spencer-
Brander(1983),both the countries compete in the export market and so the welfare function
of each of the two countries excludes consumer surplus. The firms determine the R&D
levels and the output levels by maximizing their profit functions, assuming that the R&D
levels and the output levels of the rival firm (in the respective stages) remain constant.

There are some interesting results obtained from the working of this model. When the
governments of the two countries play a Nash-Cournot game to choose the R&D subsidy
rates, the optimal policy is to subsidize the R&D activity. The optimal R&D subsidy rate of
the home country is greater than that of the foreign country even under sinmlar cost
conditions of the two firms. However, when the governments of the two countnes
cooperate and maximize their joint welfare to determine their optimal subsidy rate, then the
optimal subsidy rates are shown to be positive. The optimal subsidy rates of the two
countries are equal (different) under similar (different) cost conditions in this cooperative
solution.

In section 2 of the paper, we develop the model and analyse the determination of the
optimal output and R&D levels of the firms. In section 3, we analyse the properties of
optimal R&D subsidy policy in the case of non-cooperative game between the two
governments. In section 3.1, we have shown how the results are related to different cost
conditions. In section 3.2, we analyse whether the optimal R&D subsidy rates are strategic
substitutes of strategic complements. In section 3.3, we analyse the case when the two
countries are maximizing joint welfare, and then compare the optimal subsidy rates under
different cost conditions.



Subsidy Policies and R&D Activities : A Theoretical Analysis 23
2. THE MODEL AND ITS WORKING

We start by analysing the third stage of the game, i.e., the choice of output stage in the
firm’s rivalry. The home and the foreign firm produce output, ¢* and ¢/ , at the marginal
costs, ¢" and ¢, respectively. The R&D levels of the home and foreign firms are x" and
x! respectively where v/ and v/ are the unit costs of R&D. s”*and ¢ denote the R&D subsidy
rates of the home country and the foreign country respectively.

Profit functions of the home firm and the foreign firm are

7:"=R”(g",qf)-ch(x")qh-lﬁzj'+shx" (1)
A=R@H-dHqd- v+ (2)

We assume that the outputs are substitutes and also that the increase of output by one
firm decreases the marginal revenues of the other. This implies

Ri<0 andR; <0  (Obviously, R, >0, R.<0) i=h,f

The increase in the R&D expenditure -of the ith firm lowers its marginal cost of
production at a decreasing rate. Hence,

¢ <0, c‘ﬂ > (.

The firms are players of Cournot game in the output market and the equilibrium output
levels are found from their respective first order conditions of profit maximization. These
conditions are

(ox*/ag") = R} (" &) - () (3)
(6n’15gy = RI (¢, ) - & () (4)
We assume that the second order conditions to be satisfied, i.e., 7 <0 and 5{&*: 0.

We also assume that,

A= n"M;rf;B. -n”hfnfjh}o

which implies that the own effect of a change in output on the marginal profit dominates
the cross effect. This also ensures the stability of equilibrium in the output space.

Now, solving the first order conditions, we get the equilibriym levels of output as
functions of the R&D levels of both the firms. Mathematically,

¢ =q" o, )
and, =40 7)
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When the R&D level of a firm is increased, the marginal cost of production of the firm is

reduced. Hence her own level of output rises and the output of the rival falls?. These effects
can be given as follows.

q; = (&' dx') ="( R, ¢’ /4) (5)
7, = (5gla') = (W, & 14) (6)

Once the output levels are determined in terms of the R&D levels, the optimal R&D
levels are to be determined, given the unit cost of R&D and the R&D subsidy levels. The
indirect profit functions of the firms can be expressed in terms of R&D levels. Let g" and
g’ represent these indirect profit functions. Then

=R @@ L) d& ,F)-h)gd &, ¥)- o+ s ¥))
F=R@ )&, I)-THF P, F Y- o+ 5 (8)

The firms play a Cournot game in determining the R&D levels. So the following first
order conditions are satisfied while maximizing profit.

g = (&) =Rl qf - clf - S+ =0 )
gl = (gla)=RS g -l -V + I =0 (10)
(using (3) and (4) respectively.)

The second order condition is

g =R dyta] R, q/ +R,q))- c.q/- q<0 fori=hf

We also assume that

B=g"hhg(ﬁ.-g"hfgrﬁ>0
which is the stability condition for equilibrium in the R&D space. This condition implies that

the own effect of a change in the level of R&D on the marginal profit dominates the
corresponding cross effect.

HCI'E, gly'_‘R;q!&'l'q;"(Rf”q;"'R;’.qu)-C'xq; fOI'l"_"h,f

These would normally be negative. An increase in the rival firm’s R&D level reduces
the marginal effect of own R&D on own profit.

2. Reaction curve of the firm in the output space shifts upward and that of the rival firm does not
shift.
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These assumptions ensure that the reaction functions of the two firms in the R&D space

have negative slopes. This follows from total derivation of (7) and (8) with respect to x*
and » , which yield

@Hdx ), = - @, 1 &) (11)
(ddldx" ), = - (& Igf.. ). (12)

These are negative.

So, X and ¥, ie., the R&D levels are strategic substitutes,

The optimal values of x* and / can be derived from equations (7) and (8) as functions
of s* and s/ and of the unit costs of R&D - v/ and V. But we ignore the effects of changes

in unit costs of R&D as we assume them to be fixed. Therefore, we have the following
functions.

=2, Iy
and o= (S

When R&D subsidy rate is increased by the home-government, it increases own R&D
level in equilibrium’® and reduces the R&D level of the rival foreign firm. Similarly, an

mcrease in the foreign R&D subsidy rate increases the foreign R&D level and reduces the
home R&D level®. Mathematically, these comparative static results are as follows.

¥ ;= (dx'/ds') = - (g‘:ﬁ. /B) > 0 (13)
¥ j= (dd/ds’) = (g’:ﬁ /B) > O (14)
for i = A, f.

3. R&D SUBSIDY POLICY

In this section, we consider the first stage of the game, namely the determination of

optimal R&D subsidy rates by the governments of the home country and of the foreign
country.

We consider the social welfare functions of the two countries, which are denoted

by W" and W, The social welfare function of the foreign country is given by the profit of
the firm net of the total R&D subsidy. So,

e

3. Reaction curve of the home firm shifts upward in the R&D space and that of the foreign firm does
not shift.

4. Reaction curve of the foreign firm shifts upward in the R&D space and that of the home firm does
not shift.
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W =g - (15)

But the social welfare of the home country depends on the consumer surplus in addition
to producer’s surplus because the product is sold in the home market. Therefore, the home

social welfare is sum of the profit of the firm and consumer surplus minus the R&D subsidy
level. So,

=g+ ¢ (¢ +¢ ) s (16)

where ¢ (¢" + ¢ ) denotes the consumer surplus. This depends positively on the total
quantity sold in the home market, (¢" + ¢/'). Hence, ¢’ () > 0.

The governments in each of the two countrics maximize their respective welfare
functions to determine optimal subsidy rates when they are not cooperating. But if the
governments decide to cooperate, then they will maximize joint welfare to choose the optimal
R&D subsidy rates. We consider both the cases here. Spencer and Brander (1983) also
considered both the cases.In the case of non-cooperative equilibrium, subsidy rates are
determined by solving the following two first order conditions:

(dW/ds® Yy =0 and (@W/ds ) =0
But when the two governments cooperate and maximize joint welfare, W = #* + W,

optimal R&D subsidy rates are decided from the first order conditions (dW/ds™)-= 0 and
(dW/ds’ ) = 0;

In the following subsection, we consider non-cooperative equilibrium in R&D subsidies.

3.1. Optimal R&D Subsidy rates in Non-Cooperative Equilibrium
The government of the home country subsidizes the R&D activity of the home firm; and

the optimal subsidy rate is determined from the first order condition of welfare maximization,
given by

dw*/ds" = 0
or 8 Xa+ gt ¥p+ # )@, ut gt AN+ Ot gl I
gh-sp-2=0 (17)
Now, from equation (9) we know that g . = 0.

Also, from equation (7) we get g’ H = x*. So, the equation (17) reduces to
gl Ap+ ¢ () @, Fa+ qf I+ O @, Pa+af Tpy-sPa= 0 (17a)
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Again from (13) and (14) and using the results (11) and (12), we get

fr A= (@ | diy 2

Therefore, equation (17a) can be written as

g (@ /)y + ¢ ()@, +af @Iat))+¢0)@,+qf @ 1at))-s=0
So, the optimal rate of R&D subsidy of the home country is given by

s'=gf (& ad) + g )y +af @1 at) )+ ¢ (), + gf @1 dt))(8)

Now, g” o R f‘qj, < 0 (using equation (3)). Here (dx/dx*) ) < 0; and hence the first term
of the rigft hand side of equation (18) is positive. Hence, g 1 represents the marginal profit

of the home firm with respect to the reduction in the R&D level of the foreign firm. This

marginal effect takes place through the decrease in the output level of the foreign firm. So
the first term on the right side of the optimal subsidy expression given by (18) shows the
above mentioned marginal profit brought by an increase in the R&D level of the home firm.

The combined second and third term in the right hand side of the equation (18) indicates
the marginal effect on consumer surplus with respect to change in the R&D level of the
home firm. Second (third) term shows that part of the effect caused by the change in the
level of production of the home (foreign) firm. The level of output of the home (foreign)
firm rises (falls) and so the marginal effect on consumer surplus occurring through the
change in the volume of sale of the home (foreign) firm is positive (negative). So the second
(third) term 1s positive (negative).Therefore, the consumer surplus may either increase or
decrease, depending on whether the increase in home output level is greater or less than the
reduction of foreign output level.

If the consumer surplus is increased, then the optimal R&D subsidy rate of the home
country will be positive and greater than the optimal R&D subsidy rate found in Spencer-
Brander (1983). However, if the consumer surplus is diminished, then the optimal R&D
subsidy- rate is positive (negative), when the increase in profit is greater (smaller) than the
reduction in consumer surplus; and is always less than that in Spencer-Brander(1983) model.
In Spencer-Brander (1983) model, the firms sell their products in a third market. Therefore,
consumer surplus was not included in the social welfare function of any country and hence
the effect of R&D subsidy on consumer surplus was absent in their analysis.

Now, under the assumption of a linear demand function given by p = a-fg and
q = q" + qf, R&D activity of either country raises total output g. But the effect of a change
in the R&D subsidy of home country on the total output is ambiguous. In this case, the

change in total output with 'respect to home R&D subsidy i1s

g, + a7 @ /d?y + g +qf (@1 axt))=-("BB)+ (c]/BBE, &)

(18a)
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Now, if we assume that
1 X4 | > | &4

that 1s, the absolute value of the effect of a change in home R&D subsidy on its own R&D

activity 1s more than the absolute value of the change in home R&D subsidy on the foreign
R&D level, it implies (from the results (13) and (14)) that

&yl > | &,

So, total output will increase when | c" | 2 | cf | and hence consumer surplus will
also increase in this case. Total output will "decrease only if | c"’ | < i c’r | and only if
the second term of the right side of (18a) dominates the first term. Consumer surplus will
also decrease in this case. Otherwise, total output and consumer surplus will increase.

The optimal R&D subsidy rate of the foreign country is similarly determined from the

first order condition of her own welfare maximization. So, from d Widy = 0, ¢ is determined.
Now, dW/ds = 0 implies

g(hx";+g§,:.fjf+gf;-s’xff-xf=0 (19)

Now, g*} = 0 from (8). Also, from (8) we get ¢’s = x* and
substituting in (19), we get,

d =g s i1 dp)=¢ (@Iad), (20)
(using the results (13) and (14) and (11))

Now, g/, = R/, ¢", < 0 (using the result in equation (4)).This is the marginal effect
on profit of the foreign firm with respect to the increase in the home firm’s R&D level. So
the term on the right side of equation (20) indicates the marginal effect on the profit of the
foregn firm with respect to the R&D level of the foreign firm which takes place through
a reduction in home R&D level. Therefore, the optimal rate of R&D subsidy in the foreign

country 1s positive and this rate is same as the optimal R&D subsidy rate found in Spencer-
Brander (1983) model.

For the optimal R&D subsidy rate to be positive in the case of the foreign country, we
need not make any assumption about the relationship between marginal cost of production
of the two firms. Also, this rate is not affected by the nature of the relationship between
the change in marginal cost of two ﬁr::ns.-chx and 1&:‘:Il

The major result can be summarized in the form of the following proposition.
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PROPOSITION 1: When the firms play a non-cooperative game in choosing optimal R&D
subsidies, and when the marginal effect of home firm’s R&D activity on consumer surplus
1s positive, the R&D subsidy rates of both the home and foreign country are positive and
the subsidy rate of the home country is greater than that of the foreign country.

3.2, Best response functions of the governments in R&D subsidy space

We have found the optimal R&D subsidy rates of the two countries, by maximizing their
respective welfare function. Now the welfare functions as well as the first order conditions
of welfare maximization depend on both the R&D subsidy rates. Therefore, from the
equations (17) and (19), the reaction functions of the two governments in the R&D subsidy
space can be derived.

Now, the slope of the reaction function of the home firm in the R&D subsidy is given
by

ds" / dyf = - (W* s/ W 5 0)

where,

Wons= @y dp + &o sl p+ & A ps) + 8 O @y dydn+ & rdy
+q" ar) + & () (Q"ﬂ, Xy + qhﬁrﬂﬂf,ﬁ ?h[x(sh,f) + ¢ ()@, X s
+qfhfx’;fx"s;,+ g, P hs) + ¢ () (qfﬁxhsfrfs}, + qfﬁxf!xfs;ﬁ ‘?Cr’ffs"s") - s g

and

Wonp = &gl Y + & P a g+ & A pn) + ¢ () (@, (o) + ¥ p gt X np)
+ 4 O @l adp+ Qe+ @ pp) + 8O @y gV ) p
+ @, Fan)+ ¢ Q) (gfﬂx"s,. Xy + qfﬁ.(xfs;, P + qf;,xfs;,:;,) - (" P pp + xP )

W . is the marginal contribution of the home government’s subsidy on the welfare of the
home country. So, th" of (W #4) is the rate of change in the above mentioned marginal
welfare of the home country with respect to the rate of R&D subsidy of the foreign (home)
government,

We now try to explain each term of the expresion W s and detmine its sign.

Now, gj'f ¥ 4 is the marginal contribution of home government’s subsidy on the profit of
the home firm occurring through the change in the foreign R&D level. The bracketed first
term

s

(g}‘ﬁxfyfxfs;,r+ g”fh th)fsb + g”fx’;;.yf)
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s the rate of change of the marginal contribution of the home government’s subsidy on the
profit of the home firm with respect to the R&D subsidy of the foreign government.

We assume that xfs ns > 0. This implies that the rate at which foreign R & D level is
decreased as a result of an increase in home country’s R&D subsidy, is reduced when the
foreign R&D subsidy rate is increased. This makes the bracketed first term negative,

¢' () (q" X" 5 + q" X #) 1 the marginal contribution of the home government’s subsidy on
% f7s

the consumer surplus through a change in the home firm’s output. The combined bracketed
sécond term and the third term,

# () (G, X p+ qhhf’ff;f"h,h + 4" %" 5 ) and ¢ () (qhﬂ, X" g qhﬁl"(,fxfsh"'qfhxf,h,f)

indicate the rate of change in this marginal contribution with respect to the foreign R&D
subsidy rate, ¢/ . The second term indicates the rate of change coming through the increase

in own R&D level and the third term indicates the rate of change taking place through the
fall in foreign R & D level. Here, we assume that x*, 7> 0.

This implies that the home R&D level increases at a decreasing rate when foreign R&D
subsidy is increased. However, the signs of both the second term and third term are

ambiguous. So, the rate of change in marginal contribution on consumer surplus with
respect to an increase in &/ may have any sign.

Now, ¢'(.) (q’}, x" At qﬂ,xfs #) 1s the marginal contribution of home governments R & D

subsidy on consumer surplus through a change in foreign firm’s output leve]. Therefore, the
combined bracketed fourth term and the fifth term

O @D Zp) + &y g gt @ g )+ 6 O @ g p+ g+ o )

shows the rate of change in this above mentioned marginal contribution with respect to the
foreign R&D subsidy rate. The fourth term shows the part of the rate of change which
comes indirectly through a change in home country’s R&D level. The fifth term explains

the other part of the rate of change taking place through the change in foreign R&D level.
These two terms are also ambiguous in sign.

The term (s" x* A+ x") is the marginal effect of subsidization of R&D activity by the
home government on its total subsidy payment. The sixth term s* x* 418 the rate of change

In this marginal effect with respect to the foreign R&D subsidy rate. This is assumed to be
negative.

Therefore, W 7 can be either positive or negative.

I ow, th" J 15 assumed to be negative. Otherwise the second order condition of welfare
maximization will not be satisfied.

3. However, if we examine the different terms in this expression closely, we find that many of them
are ambiguous in sign.
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Therefore, (ds”/ds’) which is the slope of the best response function of the home
government will be negative (positive) when W"s;, S 15 negative (positive).

Next, we find the slope of the reaction function of the foreign government in the R&D
subsidy space. It is given as

@ 1 ds"y = - ( Wini Wyp)

where

sts"=(3fhhxhs"xhsf+3fhf’gs"th+3ﬁ:xhsfs")“*"f"f!s" (21)

and

W= @y Gy P + & pds + & Pyp)- Iy + ) (22)

Now, W 4 marginal contribution of the R&D subsidy of foreign government on the
welfare of the foreign country. Therefore, W/ Sih (W /.f) 18 the rate of change in the marginal

welfare of the foreign country with respect to the rate of R&D subsidy of the home
(foreign) government.

Now, gfh x"  1s the marginal contribution of the foreign government’s R & D subsidy
on the profit of its own firm through a change in the home R&D level. The bracketed term

(gfk,,x"shx";+ gfhfxfs;.x"sf +g’;'x"9fs}, ) In the equation (21)

is the rate of change in this marginal contribution with respect to the rate of R&D subsidy
of the home government. Here, we assume that x” J:# > 0. This means that the marginal
decrease in the R&D level of the home firm with respect to foreign subsidy is reduced when
the home R&D subsidy is increased. The sign of this bracketed is ambiguous.

The second term ¢ » .4 10 equation (21) is the rate of change in the marginal effect of
subsidization of R&D activity on the total subsidy payment of the foreign country when
the rate of home R & D subsidy is changed. The term »' S.h < 0, because we assume that
the foreign R&D level increases at a decreasing rate when the R&D subsidy of the home
country is increased.

Therefore, if the bracketed first term of the right hand side of equation (21) is negative
and dominates the second term, then

w Jh < 0. Otherwise, it is positive

Again, the expression # Jf < 0 by assumption, because it 1s the second order condition of

welfare maximization®.

6. But once the terms in the expression are closely examined, all of them are not of the same sign.
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So, (d¢ / ds*) , which is the slope of the best response function of the foreign
government in the R&D subsidy space, is negative (positive) when

W S 18 negative (positive)

The R&D subsidy policies are strategic substitutes (complements) when the slopes of
the best response functions of the two governments in the R&D subsidy space are negative
(positive).Here, we can’t rule out the possibility that the R&D subsidy policies can be
strategic complements. However, for the non-cooperative equilibrium in R&D subsidy rates
to be stable, the necessary condition is that the absolute value of the slope of the best

response function of the home government should be more than that of the foreign
government, i.e,,

| (ds'1ds") A | > | (dsf/ds")f| , irrespective of whether the R&D subsidies are strategic

substitutes or complements. Mathematically, the necessary condition for stability can be
expressed as follows:

W ph W 1A

>

P s W 1f

or, (Wap Wys- Wps Wss) >0

3.3. R&D subsidies of the two countries: Cooperative equilibrium

In this section we assume that the governments of the two countries maximize their joint
welfare to determine the optimal subsidy rates. The joint welfare is given by

W=Ww+ W,
or, W=g - +g +¢6 (g + ") - e

To determine the optimal R&D subsidy rates ¥ and 5" , we solve simultaneously the two
first order conditions

dWid¢ = 0 and dWids" = 0 ;
and solving them get the following expressions;
=gl +6'0@H+¢'() @) (23)

S=gl+9'O)@)+ e 0@t (24)

7. See Appendix 3 for detailed derivation.
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So, the optimal R&D subsidy rates given to the firms depend on the marginal effect of
her own R&D level on the profit of the rival firm and on the consumer surplus.

Now, g"l. < 0, re,, the marginal effect of the R&D level of a firm on the profit of the
rival firm is negative. However, the marginal effect of the R&D on the consumer surplus

1S ambiguous, because the increase in R&D of a firm increases her own output, but
reduces the output level of the rival firm.

So, the rate of optimal R&D subsidy will be negative if the decrease in profit is more
than the increase in consumer surplus® or when the decrease in profit is accompanied by
a fall in consumer surplus. The optimal subsidy can be positive only when the consumer
surplus 1s increased and this increase more than compensates the fall in profit.

These R&D subsidy rates are found to be different from those in Spencer-Brander
(1983) model. There s° = g':’.( i = h, f). So there optimal rate of R&D subsidy is always
negative. However, in the present model, the effect of the R&D subsidy on the consumer
surplus 1s to be incorporated in the case of both the countries when the objective is to
maximze joint welfare and the products are sold in the home market of one of the two
countries, Therefore (¢’ (.)q"i + ¢ () q"l.) appears in the expression of optimal R&D subsidy
rate.

Assuming the linear demand function, p = a - f7 , the optimal R&D subsidy rates can
be written as

=@2g /13)+ ¢ ()¢ 13p)

and s* = (2¢" 1 3) + ¢ (X", 13B)

The effect of R&D level on the total output is positive. It is independent of the marginal
costs of production ¢* and ¢/, but depends on the change in marginal cost with respect to
the R&D level (i.e., on c"Jr and cc, ). Therefore, the change in consumer surplus does not

depend on ¢* and ¢/, but depends on c"x and c’; . But the change in profit, g"'. depends on
the marginal costs as well as on their changes’.

Now, if the marginal costs of the two countries as well as their changes with respect
to the corresponding R&D levels are equal, i.e., if ¢" = ¢/, and c = J , then the two output

levels as well as the marginal effects of changes in the R&D levels of the two firms on

the total output are equal, that is, ¢ = ¢" and (q + qf ) = (q" + qf ) . In that case, the
two optimal R&D subsidy rates - s" and ¢ are equal However tf the changes in the marginal

costs are not equal, then the subsidy rates are different . If, the absolute value of the rate
of change of the home firm’s marginal cost is greater than that of the foreign firm’s marginal

8. In the case the consumer surplus is increased, | ¢ (.)q}l > |’ (), |
9. Derivation in detail are given in Appendix 1.
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cost, i.e., if \c"_r | > | c.'f1r |, then (g* rt QC') < (q”’(l + ¢ ). Also, the absolute value of the
effect of change of foreign R&D on the profit of the home firm is greater than that of home
R&D on the profit of the foreign firm, ie., | g r | > | g . | . Hence, 5" > ¢/, But when the
absolute value of the rate of change of the home marginal cost is less than that of the foreign

marginal cost, 1.e., Ich | < |cf| then(q" qf)l‘*(q" +q’ ) and |g* | *Clgfhl.
Therefore, § > s”.

Next, we consider those cases when the marginal costs are different for the two firms.
First, if the marginal cost of home firm ¢” is greater than the marginal cost of foreign firm
¢, then the output of home firm q" will be less than the output of the foreign firm ¢/ . Also
if the absolute value of the change in marginal cost of foreign firm is greater than that of
the home firm, i.e., if \cft | > Ic"x |, then the marginal contribution of foreign R&D on
total output is greater than the marginal contribution of home R&D on total output, i.e.,
(q”f + qff) > (q", + ¢,). Therefore, the marginal effect on consumer surplus is higher in
the case of foreign R&D. However, the effect on the change in profits of one firm due to
the increase in rival firm’s R&D level are not directly comparable and the relationship

betweengf andg’ 1s indeterminate. So, if lg" |<|gr |, then & > s*. But, if |g" | >
‘gf |, then the relatlonsth between ¢ and s” is amblguous

Now, if the absolute value of the change in marginal cost of foreign firm is less than
that of the home firm, i.e., if | c"xl > | c’;l , then the marginal contribution of foreign R&D
on total output is less than the marginal contribution of home R&D on total output, i.e.,

(qh,,"'qf )?-"(q" +qf).Also lg" | > lgfl.Hence,s">sf

But, if |c’I | = Icf| then (qh+‘{ )“(qf+qf)and therefore the marginal

contributions of the Ré&D levels on consumer surplus are also equal. But, lg" | > lg[ .
Therefore, s* > ¢

So, s> s when ¢t > cf and wlms:nlc"l l>|cf | So, when the two countries are
maximizing their joint welfare, the optimal R&D sub51dy rate 1s found to be higher in the

country 1in which the marginal cost is higher, as well as the rate of decrease in the marginal
cost with respect to R&D activity is higher.

Similarly, if the marginal cost of production of home country is less than that of
the foreign firm, i.e., if ¢ < &, then ¢* > ¢, Also, if |/ | > [ |, the marginal effect
of home R&D on total output is less than the marginal effect of foreign R&D on total output,
1e., ( q” 1 + qff) > (q"h + 4 , J- Hence the rate of increase in consumer surplus due to unit
mcrease 1n foreign R&D level is greater than that increase due to unit increase in home R&D
level. Also, the absolute value of the change in home profit with respect to increase in foreign
R&D 1s less than the absolute value of the change in foreign proiit with respect to fall in
home R&D level, ie., | g"f | < | g ; | . Due to all these effects together, we find that the
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rate of optimal R&D subsidy given to the foreign firm is greater than that given to the home

firm, i.e., J > s

But when ]cf| |c"| then(qj.+qf) (qh+qf)But lg" | < \gfl Therefore,
in this case also, sf > st

In the last case, with ¢ < ¢/ and \c"l-"'lcrl,q > ¢ and HISO(f]l' 9’{){

(g, +d,) So, ¢ ()(g,)> ¢ (:(g,)- Also, Igf -7 g/l can take any sign. So applymo
the same reasons as in the first case, we can conclude that st > ¢ if g" | > :of | but

if |g" 1 | < | gf |, then the relationship between s and s' is mdetermmate

Major results analysed in this section are summarized in the form of the following
proposition.

PROPOSITION 2. When the firms play a cooperative game and maximize the joint
welfare, then the optimal R&D subsidy rates may be of any sign. But whether they are equal
or different, depend on certain conditions : ({) When ¢ = ¢/, and |f::h | = Icf |, then s
= ¢+ (ii) When ¢ = ¢, and |c" | > |c’r |, or, when ¢ > ¢, and lc” |>‘c' |, then
s" > ¢ (iif) When ¢ = ¢, and |c‘;| lc” |, or, when ¢ > ¢ and |cf |> |c" |, then
¢ > s

4. CONCLUSION

In the present paper, we have considered the R&D subsidy policies by the governments
of the two countries when the subsidy receiving firms of the two countries are competing
in the home market of one of the two countries. The optimal policy of a government 1s to
subsidize the R&D of its firm in order to increase its market share. However, the rate of
optimal subsidy in the home country is greater than that in the exporting country, because
the consumer surplus of the home country is considered in the welfare function. These
subsidy policies in the non-cooperative equilibrium can be either strategic substitutes or
strategic complements depending on various conditions imposed on the marginal cost
functions of the two fimms.

We have also considered the joint welfare maximization by the two governments to
determine the optimal R&D subsidy rate, which, in general, will be positive. Here, 1f the cost
conditions are same for the two firms, then the optimal subsidy rates will be equal. But the
two subsidy rates will be different if the marginal costs and rate of change 1in the marginal
costs of the two firms are different.
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APPENDIX I

Under the assumptions of a linear demand function p = @ - 8 (¢" + ¢), the profit
functions of the home and foreign firms are given by

=@-@+dNgd -t g -+ and
A=(@-@+dNd-Shd -V +

The first order conditions of profit maximization are given by
(715" = a - 284" - B - S (oF) = 0; and
715¢) = a - B - 284 - & () = 0.

Solving the above two equations, we get the equilibrium output levels produced by the two
firms, as

¢=(a-2¢+ MN3F and
= (a-2"+)3p
Total output produced and sold in the home market is, therefore,

qg= QRac-d)3p
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The effect of home and foreign R&D levels on the output levels are given by

g, = (26 )/ 38> 0

g;=()38<0 and

g,=(<¢)38>0; fori,j=f h.

Also, the rate of change in the marginal output levels with respect to the R&D subsidy levels
can be found as

g, = (-2 ) 38<0;
q;=0;
g, = () 38> 0;
q¢; =0, for i, j=f, h

Now, substituting the optimal values of the output levels in the profit functions, we can find

the derived profit functions, denoted by g and &/, which are functions of the R&D levels.

The first order conditions of profit maximization with respect to the R&D levels are given
by

(&1aly=g =-pod -t -V +5=0 and
(B1ady =g, =- B, - g -+ =0
The cross marginal profits are
g, =-Pdd", = (29" )3 <0 ; and
g.=- p'd.= @3 <.
Also,
g,=(pie; - Pigd)>0; and

8‘,, = (- ﬂq"q’_}f - ﬁ?fﬂ'}) = (- 5?" ﬂl} ) < 0 (because qﬁf =0) for i j=f A
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APPENDIX 2

Totally differentiating equation (17) , we get,

[y ) + & Pp Ip+ & Hpn )+ 8 (), s P+ @ Xt g, o)
YEO@app+ P+ A+ ¢ O, Pa P+ P NETEY Y
+ ¢' () (qfﬂ,x"s,. * p+ qfﬁ. o )+ QGJS,,S;,) - (" ph + g )] dst +

(&g X+ & Dy dp+ g+ 8 O @ty dp+ @ Ay sy g,
HO O @R g Hp+ g gt @ Dpp+ 8 O Wy Pyt o Ay s+ 2
+ ¢ () (‘?rjhth"fsh + qfﬁ.xf;fsh +q’}1fsh:h) -th}'_‘},,f] dy = 0

or, W udsh+ Wy dd =0

Again, totally differentiating equation (19), we get,

(& Xp Pyt & Ap st g, ) - o o) a5

@y Gy Y+ A dpr o, yr) - Wt o A ) ad = 0
or, Wgeyds'+ Wpdd =0

APPENDIX 3

The joint welfare of the two countries are given by
W=g -f+gh+ g+ q") - s
The first order conditions of welfare maximization are dW/ds’ = 0 and dW/ds® = 0. Now,

dWw
Ak L IAR R VA AL SR FAN /R FAS N IAR &

PO A e )+ 8O @A+ gy Ay -y = 0
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Here, g/, =0,¢", =0,8,=0, ¢y=o and ¥ ;= @&/ &), ¥;
Substituting these values in the above expression, we get,
S+ @ ad), =gl@tialy +gh + ¢ +qf @ ad))

O @t g @), (A1)
This can be written as (for simplicity)

J+ s (aliad), =K, (A1')
where K, represents the right hand side of equation (A1)

Similarly,

dWw
ah =gfz'fs"+ghf)'}':"+grs”-'9&rsh+gkafs}' ST AR RS &

K ACKCAENRN AT RN A NC TR AP B

Again, g = 0,8 =0,¢,=0, gp=x" and ¥) = @/ &)+,

Substituting, we get,

I (&1 axt) +5=gl+gl@liat)+¢) @ at))

+ ¢ () (@ at),) (A2)
This is written as

sf(dxf/dx")f+sh=K

: (A2")

where K, represents the right hand side of equation (A2).
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Now, solving (Al") and (A2') simultaneously, we get

K -K ("1a),

= -
1 - (& / dx) (ax / dxy,
b KZHK[(N/M)*,'

1 - (@ /dx), (ax* / &),

Now, substituting the values of X! and X2, we get the expressions of the R&D subsidy rates.
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