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Abstract

This paper analyses the optimal R& D subsidies in the context of signaling and screening models. A
domestic government subsidizes R&D activity of adomestic firm in a sector in which the firm competes
with aforeign firmin exporting productsto athird country. | assume that R& D activity affects both
marginal and fixed costs of production and that only its effect on thelatter isarandom variable. 1t will be
shown that if adomestic government knows the exact effect of domestic R& D activitiesand aforeign firm
does not (Section 3: a signaling model), then the government gives ahigher subsidy to a domestic firm than
under completeinformation. On the other hand, if the government is not well-informed on the

effectiveness (Section 4: a screening model), then the government faces a tradeoff between shifting rents
home from abroad by giving astrategically high subsidy to the domestic firm and preventing the domestic
firm from reporting untrue effectiveness of its R& D activities. Asaresult, the government gives alower
subsidy to the domestic firm than under complete information. Importantly, these directionsin which the
incompl ete information distorts the policy in signaling and screening models do not change irrespective to
the mode of competition (output choice or price choice). Thisrobustness sharply contrasts with the results
of signaling and screening models devel oped in the so-called “third market” model.

1. Introduction

In an actud economy, many governments subsidize research and development (R&D)
activities of domestic firms, epecidly in sectorsin which domestic and foreign firms
compete. These R&D subsidies can be viewed as more redigtic policy tools than direct
export subsidies, partly because devel oped countries gave up the right to subsidize
exports under the Subsidy Code of the GATT (with the exception of some primary
goods) but this ban did not extend to R& D subsidies.

Spencer and Brander (1983) devel oped athree sage R& D subsidy modd, in which a
domestic government commits to giving a subsidy to domestic R& D activities and setsits
levd in stage 1, adomestic and aforeign firm choose R& D levelsin stage 2, and the
firms determine export levels to the third market in stage 3. They found that if the
government is the first mover and can make a credible commitment about the subsidy,

then it chooses a positive R& D subsidy to influence equilibrium outcomes. In this setup,



R& D activities by the firms reduce their production costs with certainty. In this sense,
their modd is determinigtic. They focused only on the output competition case in stage
3.

Bagwell and Staiger (1994) made the modd more redigtic by introducing uncertainty
associated with R& D investments. They assumed that R& D activities reduce the
expected production cogts on average but might increase the riskiness of the cost
digtribution aswell. Nobody can tell the effect of the R&D projects a the time of the
investment. They showed that when the R& D investment reduces the mean but does not
change the variance of the cost distribution, then optima subsidies are positive whether
the firms choose quantities as Cournot duopolists or prices as Bertrand duopolistsin a
product market™.

In this paper, | introduce uncertainty in adifferent way by assuming that information
on the effectiveness of R&D activitiesis privately observed. The effect of R&D projects
on production of goods depends upon a kind of infrastructure such as technology and
educationd levels the country dready has. A higher levd of technology and education
alow the country to make better use of new technology developed by R&D investments.
Information about this can be private across national borders (a Sgnading modd). There
can aso be acommunication gap between public and private agents, with this
information held only by the private firms (a screening modd). My first concernison
how the presence of asymmetric information aters the optima R&D policy. The
sgnding mode is analyzed in section 3 and the screening modd isin section 4.

The mode of competition in the product market can affect the distortion in the optimal
policy caused by the asymmetric information. Since the beginning of the research on
drategic trade policy, it has been often pointed out that the outcome that the theory
predicts is too sendtive to the assumption of the models. Especidly, it has been thought
to be problematic that whether the firms compete as quantity or price setters changes the
optima policy too dradticdly. For example, in the semind “third-market” model
developed by Brander and Spencer (1985) in which two firms compete as quantity setters

Y Inthis paper | use the term “ Cournot (Bertrand) competition” in the sense that two firms producing the
same (differentiated) good(s) compete as quantity (price) setters, though the original Bertrand model was
associated with ahomogeneous good.



exporting their goods to athird country, the optimal policy is an export subsidy.
However, Eaton and Grossman (1986) showed that if the firms are price setters then the
optimal policy should be an export tax. This sensitivity of the outcomes has been
targeted by the critics of the strategic trade policy theory®. Onefocus of recent research
in this area has been to pursue robustness in outcomes. As sated above, Bagwell and
Staiger (1994) showed that the sign of the R&D policy isrobust to the mode of
competition in a product market. This robustness tends to emerge when there is a stage of
comptition in a non-product market inserted between the policy stage and the production
competition stage®. Maggi (1996) developed amode in which capacity corgtraints affect
the mode of competition endogenoudy and the firms compete in expanding their own
capacitiesin the second stage, and proved a similar robustness by showing that the
government achieves wdfare-improving outcomes with a single rate capacity subsidy.
My second concern in this paper isto andlyze in the presence of asymmetric information
whether the optima R& D policy choice will be affected by dtering the mode of
comptition. In the third market moded without R& D, not only the sgn of the optimd
policy (subsidy or tax) but dso the direction in which asymmetric information affects it
aretotally reversed by changing the mode of competition, as reviewed in gpopendix 1.
Sinceinthe R&D mode the robustness of the Sign is proved by Bagwell and Staiger
(1994), my concern hereis robustness of the effect of incomplete information on the
optima policy when the non-product market stage (the R& D stage) is inserted between
the policy and production stage.

Besdes the sengtivity, an dement in the third market mode! that seems not to fit the
actua economy isthe optimal policy’ s dope with respect to production. In the third
market model with linear demands and linear costs, the optimal positive export policy for

In fact, Bagwell and Staiger (1994) uses a Hotelling model when the firms choose prices, but the same
result is obtained in aBertrand model.
2 When the firms’ response functions are downward (upward) sloping or their choice variables are strategic
substitutes (complements), the optimal policy becomes a subsidy (atax). Even under Cournot competition,
if avery convex demand function is assumed, the choice variables might become complements and the
optimal policy might become an export tax.
3 The sensitivity of the theory is pointed out, for example, in Brander (1995). And astronger skeptical
view on the strategic trade policy theory in part due to thisnon-robustnessis found in Krugman (1993) also
cited in Maggi (1996).
* If the Spencer and Brander (1983) had investigated the Bertrand case, they would have reached a similar
conclusion.



the dometic firm is decreasing in the margind cogt of the domestic firm. De Meza
(1986) arguesthat thisis counterfactua, since in the actua world, governments tend to
give higher export subsdies to less competitive firms with higher cost. This point in the
context of the R& D model will be revisited later”.

In the following, | andyze the optima R& D subsidiesin the context of the sgnding
and screening models. Section 2 investigates a complete information case asa
benchmark. The result in a Counot case is compared to a Bertrand case. Moreover | will
introduce a costly budget and see that this modified assumption does not dter the optima
policy if non-linear policies are allowed. This costly budget case becomes a benchmark
for ascreening model. In section 3, | introduce asymmetric information across a nationa
border in the R& D mode and apply the sgnaling modd to this mode using the method
of Callie and Hviid (1993). Section 4 dedlswith aStuation in which informetion is
asymmetric across the public and private sectors. | will see that the domedtic firmis
likely to underreport its R& D effectiveness when the government announces the
complete information contract even though thereisincomplete information. Then |
develop a screening mode for the Cournot case following Brainard and Martimort
(1992). The result will be compared to that under Bertrand competition. Then | add an
andysis on the case when the government announces a fully non-linear contract. Section

5 concludes.

2. An R& D model with complete infor mation

2.1 Basic modd under Cournot competition

There are two countries (domestic and foreign) with asingle firm in each of them. These
firms export products to athird country. Only the government in the domestic country is
active and the foreign government isnot. The domestic government subsidizes R& D
activities of the domedtic firm. Following the tradition since Spencer and Brander

(1983), | congder athree stage R& D modd: In stage 1, the domestic government chooses

® If we allow the model to have varying marginal costs, the high-cost country could offer high subsidies.
However, de Mezainsists that a constant marginal cost seems empirically plausible.



an R&D subsidy. Ingage 2, the domedtic firm and the foreign firm decide R&D levels
smultaneoudy. In stage 3, the firms compete in the third market. They are assumed to
begin to choose export quantities as Cournot duopolists.
| give a specific form to each firm' s profit function including linear (inverse)
demands. Subscripts 1 and 2 denote domestic and foreign variables respectively.
Thetwo firms profit functions are given by ©:
P,=@-Y,- V,)Y,- [(b- x)y, +F, - f,x]- v +sx (1)
P.=(@- Yi- ¥a)¥e - [(b- %)y, +F, - f,%,]- v 2
where vy, isfirmi’sexport leve to the third market
a- vy, -y, isaninverse demand function in the third market,
b - x isfirmi’smargind cogt of production,
F. - f,x isfirmi’sfixed cost of production,
X; isfirmi’stechnology crested by its R&D activities,
vx? represents R& D expenditure by firmi.,
and sisan R&D subsidy given by the domestic government to the domestic firm.

The R&D activity affects both margina costs and fixed costs. The inherent uncertainty
related to the R& D investment can be put into two categories. Thefirst oneisthe
uncertainty associated with the potentia results of the R&D project a the time of
invesment. In this case, v might become stochastic. The second one is the uncertainty
related to the effect of the R& D project on the production process. In this paper, | focus
on the latter case and assumethat f, isstochadtic. The effects of R&D activity on the

margina costs are assumed to be certain and common knowledge. For smplicity, f, is
aso certain and publicly observable.
The stochatic nature of the model can be understood as following. Let x. bethe

number of robots created by R&D activities. R&D subsidies are given to the firm not
based on the R& D expenditure, but based on the number of robots created. R&D



investmentsof vx* create X, robots. At this point thereis no uncertainty. These robots

reducefirm i’smargina costs and fixed costs of production. The assumption that f, is
private information implies thet it is not possible for the foreign firm to predict exactly
how much the robots will reduce the fixed cost in, say, congtructing afactory plant for
domestic goods production. The assumption that the R& D activity affects both margind
and fixed cogts but that only the effects on the latter are sochagtic is a technica
requirement in taking expectations of the firms' first order conditionslater. But a
possible explanation is thet, for example, congtruction of the plant requires highly
sophisticated technique and the effect of the R&D projects on it is harder to predict than
the effect on the margina production costs. To focus on the effects of the R& D projects
on fixed cogts, the parameters b and v are assumed to be common to both economies
and common knowledge for dl agents.

For abenchmark case, | consider a game with complete information first. In this case,
f, iscommon knowledge to every agent. | derive Subgame Perfect Equilibrium by
backward induction.

In stage 3, the two firms choose output (export) levels smultaneoudy. The Nash
equilibrium is characterized by first order conditions,

1 |
Biza-2y,-y,-b+x=0 (3 P2 oa.y,-2y,-bix,=0 (@

ﬂyl 1-[y2

and second order conditions,

2 2
TP - 2<0 (5 TP, _ 2<0 (9.
ﬂyl 1-[yZ
The condition,

a0 TP TP, TP TP, _, @

Ty s Wy, Ty,
ensures uniqueness and globd dability of the equilibrium. Equations (3) and (4) imply
that both firms' reaction functions are downward doping and their outputs are strategic
subgtitutes. The solutions for outputs are

6 Spencer and Brander (1983) and Bagwell and Staiger (1994) use more general setups. | adopt linear
demands and other specific functional formsin order to take the expectations of the first order conditions
later.



_a-b+2x - X,

_a-b-x +2x,
Yi = 3

(8) Y, = 3

In stage 2, the firms choose R&D levels. | rewrite their profits as functionsof x, and

)

X, by plugging (8) and (9) into (1) and (2). Let g (for gain) represents each firm's

rewritten profit function.
a@- b+2x - X, 8
gl(xl’xz;s):g 3 : 2; - I:1"'1:1)(1' VX12+SX1 (10)
a@- b-x+2x &
9, (X, %) :g 3X1 Xz; - R+ % - sz2 (11)

The Nash equilibrium in R&D levesis characterized by the first order conditions
19, 4(@- b)+2(4- 9V)x, - 4x, +9f, +9s _

0 12

T 5 (12)
79, :4(a- b) - 4x, +2(4- 9v)x, +9f, 0. (13)
[ 9
Second order conditions must satisfy

2 2

‘ﬂgZI:S- 18\/<O (14) ‘|1922:8-18v<0 (15)
x; 9 x5 9

To ensure uniqueness and gability of the equilibrium, we need
1’0, ’g, _ 1°g, T'g, _[2ov- 4] -16
™ M X, X%, 81

If v > 2/3, then (14) — (16) are dl satisfied” and the firms best response functions are

BO 0 (16)

downward doping (or their choice variables are strategic substitutes). This ensures that
the optimd policy isapogtive subsidy in sage 1. For smplicity, | assumev =1 inthe
rest of the paper. Evenif | change this vaue, the following conclusons do not change, as
long asit satisfies the second order conditions of the first and second stage. From (12)
and (13), the Nash equilibriumin stage 2 is

 Similar argument is found in Spencer and Brander (1983) with more general functional forms. They
argue “ (the second order conditions and the condition for uniqueness and global stability) will hold..., if
the marginal cost reducing effect of R& D declines relatively rapidly”. Inthismodel, if v>2/3 then the
uniqueness and stability condition is satisfied, and it is also sufficient for the second order conditions to
hold and for the R& D levelsto be strategic substitutes.



. _4@- b)+15f, - 61, +15s

1
) 12 (17)
= 4@ - b)- 6f, +15f, - 6s 18)
2 14

Note at thispoint that f, affectsthe product market indirectly. Usudly the fixed cost

does not affect the optimality condition in the goods market. Indeed, in this R&D modd,
f, (or f,) doesnot appear in thefirms first order conditions (3) and (4) in stage 3. In

this modd, however, f, affectsthe R&D levesin stage 2 through its quadratic R&D
expenditure function. And through the fact that these R& D leveds affect margina costs
and thus the production levels, f, affects the production decision indirectly.

In stage 1, the domestic government chooses the optima R&D subsidy. The
government’ swelfarefunctionis W, =p, - sx,. Using (10), (17), and (18), | rewrite the
objective function as B (for benefit).

B9 004(9 %, (979)- (9= - D+ 2%,(9)- Xz(s)g R X (9- % (9

2

3
(19)
where X’ sare given by (17) and (18).

The firgt order condition of the domestic government’ s maximization problem

% - 0 yiddsthe opiimal subsicl level s= 2~ P) ;78f1 F

Note that if the domestic R& D project is effective ( f; ishigh), then the domestic

(20)

government chooses a high R&D subsidy.

2.2 Under Bertrand competition

In a Bertrand duopoly case the firms choose prices at the third stlage. My concern in this
subsection is the robustness of the optimal policy. For a Bertrand duopoly in atwo-stage
third market modd (without R& D), the optima policy under complete informationisan
export tax rather than asubsdy (Eaton and Grossman (1986)). In this subsection, | will



compare the optima policy in the R&D modd with complete information under Bertrand

competition to that under Counot competition.
In aBertrand duopoly with differentiated goods, demands for each firm's product can

beexpressedas y, =a,- p,+bp,and y, =a, - p, +b,p,. | assumethat these two
goods are substitutes, so 0 <b. <1. For smplicity, | assume a, = a, = a and
b, =b, =1/2. Besdesthe convention in stage 3, dl the other structure of the moddl is
kept the same asiin the preceding subsection. Two firms' profit functions under Bertrand
competition are
p.=(@- p+12p)[p, - (b- x)|- (F- fix)- X +s¢ (2D
p.=(@- p,+12p)[p, - (b-%,)]- (F,- f.x,)- (22)
Theassumption v =1 (in (1) and (2)) is maintained.

As abenchmark, | consider acomplete information case, so that f, isknownto all

agents. In stage 3, the firms choose prices smultaneoudy. First order conditions for

profit maximizetion are

fip

ﬂ—pj:a-2p1+1/2p2+b-xlzo (23)
1“OZ:a-2p2+1/2pl+b-x2:0 (24).
e,

Second order conditions and the condition for uniqueness and globd stability of
equilibrium are satisfied. Note that the firms best response functions are upward Soping
and their prices are srategic complements. Thisis the reason why negative export
subsidies would be obtained if the third market modd without R& D were considered.
The Nash equilibrium in dage 3 is
_10a+10b - 8x, - 2x,

25

P 15 (25)
10a+10b - 2x - 8

P, = T (29)

In stage 2, the firms choose R&D levels. | rewrite profit functions by substituting (25)
and (26) to (21) and (22), and name them g.



ad0a- 5b+7x, - 2x, &’

gl(xl’xz;s) :Q 15 =T F1+ flxl - X12 +8X (27)
e (%]
ad0a- 5b- 2x, +7x, &
9, (X, %) =G 15 = 2+ - F,+ 1%, - X22 (28)
e 9

Firg order conditionsin stage 2 are
Y9, _70(2a- b)- 352x - 28x, +225f, +225s _

X, 225 0 (29)

2?(22 _ 70(2a- b) - 28;(12; 352x, +225f, -0 (30)
Also in stage 2, the second order conditions and the condition for uniqueness and globa
gability of equilibrium are satidfied. Strikingly, the firms' best response functions are
downward doping in stage 2. This switch of choice variables from Strategic

complements in stage 3 to Strategic subgtitutes in stage 2 is caused by the fact that the last
severd termsin (21) and (22) are the same asthosein (1) and (2). (These terms represent
cost reduction effects of the R& D projects.) Note that the coefficientson x, in (25) and
(26) are both negative. This contrasts with (8) and (9) whereit is postivein (8). In fact,
alarger R&D expenditure improves the domestic firm'’s profit but worsens the foreign
firm’s profit at the third stage in the Cournot case. By contrast, alarger R&D

expenditure is detrimentd to both of the firms a the third stage in the Bertrand case.

This reflects the fact that choice variables a the third stage are strategic substitutesin the
Cournot case but strategic complementsin the Bertrand case. In the Bertrand case,
however, alarger R& D expenditure makes the domestic firm better off in stage 2 because
it reduces margind cogt, while it keeps the foreign firms worse off. Thus the choice
variables become dtrategic substitutes in stage 2 in the Bertrand case as in the Cournot
case. Thefact that choice variables have the same relationship in stage 2 irrespective to
the mode of competition in stage 3 explains why we get robust results of postive
subsdiesin R&D modds. Nash equilibrium in stage 2 is represented by:

= 126(2a- b)+ 440f, - 35f, +440s

31

' 684 ()
12 2 - - f f =

X, 6(2a- b)- 35f, +440f, - 35s 32)

10



In stage 1, the domestic government maximizes W, = p, - sx_ by choosng an R&D
subsidy. Using (27), (31), and (32), | rewrite the welfare function as B

B.(9)° 0,(% (9%, (9:9)- $4(9 =?§°"’" oD+ 7(8)- sz(s)g R (9 % (5

15
(33)

where X’s are given by (31) and (32).

Thefirgt order condition for the maximization problem in stage 1 yidds the optimd

subsidy

o= 126(2a - b) +98f, - 35f,
14950

Asin the Cournot competition, optima policy in the Bertrand case is a positive subsidy.

And the subsidy is an increasing function of the domestic R& D effectiveness asin (20)

for the Cournot case: the more effective the domestic R& D, the higher the optima R&D

subsidy the domestic government chooses. In thisregard, the optimal R&D policy is

(34)

robust to the mode of competitionis. Thisresult issmilar to Bagwell and Staiger (1994).
The facts that the relationship between choice variables (strategic substitutes or
complements) determines the sign of the optima complete-information policy and the
relaionship isrobust regardless of the mode of competition lead to the robustness of the
sgn of the policy in R&D modes.

2.3 When budget iscostly,...

The above results were derived under the assumption that budget is not costly. With
costless budget, governments are indifferent if they leave some rentsin private firms.
When budget is codtly, this does not hold anymore. The government tries to absorb as
much rent as possible from the firm.

Solving by backward induction, the levels of the choice variablesin Nash equilibrium
a stage 2 are exactly thesame asin (17) and (18).  Plugging (17) and (18) into (10), the

domedtic firm’s profit function before alump sum trandfer is.

#®@- b)+12f - 9f +125(f) &
p1(s(f1)’ fl):Q ( ) 14 2 ( 1)+
e 7]

- F,

11



4a- b)+15f, - 6f, +155(f,) g@(a- b)+15f, - 6f, +15s(f,) 6’

35
14 é 14 5 &

+(f, +8(f,))

| let U denote the domestic firn' srent after the transfer has been completed:

U, (f)) =p.(s(f). f,) - t(f,) (36)
Then, the government’ s objective function a stage 1 becomes:
U, (f,)- @+Ols(f)x (s(f,), f,) - t(f)] (37

where 1 + ¢ represents socid costs of public funds which exceeds 18, A participation
congtraint requires
U,30 (39)°.

This congraint binds because public funds are costly: The government absorbs all
the firms rent by the transfer:
U,(f) =py(s(f,). f) - t(f,)=0  (39)
Then the government maximizes (37) with respect to s(f,) and t(f,) subject to (39).
Rearranging the objective function (37) using (35) and (39), and differentiating it with
respect to s, we get the following optima subsdy under complete information:

4(a- b)+8f, - 6f,
27
Asindicated above, thisis exactly the same as (20). When anon-linear policy is dlowed,

the introduction of costly public funds does not dter the optima subsidy under complete

fy) =

(40)

information. And if the firms compete as Bertrand duopolists, the same result holds.
Even with costly budget, the government gives the same subsidy asin (34), when it uses
non-linear policies. This setup will be used as a benchmark for a screening moddl. The

reason will be explained in subsection 4.1.

3. The signaling model

8 Thisc represents, for instance, the cost of atax collecting institution and the distortionary effectsin other
sectors.

® This participation constraint is called “ zero-profit participation constraint” (ZPC). Brainard and
Martimort (1992) analyze also a“non-intervention participation constraint” (NPC) case. Inthis model, |

will focus on aZPC case.

12



In this section, | assume that a domestic government and a domestic firm know the effect
of domestic R&D on domestic production, though aforeign firm does not know it. This
is the case when information on the factors affecting the effectiveness of R&D activities
is shared only within the country. A domestic government and a dometic firm can
observe these factors and have a better idea about the effect of R&D than aforeign firm.
For amplicity, the effects of the foreign R& D activity on foreign production are assumed
to be common knowledge. My two concerns are the direction in which this private
information digtorts the optimal policy and its sengtivity with repect to the mode of

competition.
3.1 R&D signaling model in a Cournot duopoly

The effect of domestic R&D activities on domestic fixed codts, f,, iscontinuoudy

distributed with support on [flL , J . A larger vaueimplies “more effective’. The
vaueof f, isknown to the domestic government and the domestic firm, but prior to
dage 3 only thedigtribution of f, is known to the foreign firm.

In stage 1, the domestic government setsthe R& D subsidy level. Thenin stage 2,
after the two firms have observed the subsidy and the foreign firm has updated its beliefs
about the effects of domestic R& D on the domestic production using the observation, the
two firms choose R&D levels. Inthetrangtiond period from stage 2 to 3, the robots
created by domestic R& D activities help construct a factory and reduce the fixed
production cods. In stage 3, firms decide export levels.

| derive a perfect Bayesian equilibrium by backward induction using the method of
Callieand Hviid (1993). Leaving the rigorous definition of the PBE to some game
theory textbooks (see Osborne and Rubingtein (1996) for example), | will point out here
the three most important ements of PBE: (i) Not well-informed player(s) have some
beliefs on stochadtic variables, (ii) Players maximize their own payoffs based upon the
beliefs (Rationdity), and (iii) The beliefs are updated by actud Strategies usng Bayes
rule (Congistency).

13



The modd developed in subsection 2.1 is used as a benchmark. In stage 3, (3) and (4)
dill hold. In stage 2, the foreign firm does not know the exact vaue of f,. But having
observed the domestic R& D subsidies and updated its beliefs about the effect of domestic
R&D, the foreign firm maximizes its expected profit.

Now the first order conditions for a Bayesian Nash equilibriumin R&D levels at the
second stage are

79, 4(@a- b)-10x, - 4x, +9f, +9s _
1, 9

0 (41)

1E,(9,|9) _4a-b)- 4E,(x|s) - 10x, +9f, “0 “2)
X, 9
where E is the expectations operator given the beliefs of the foreign firm about f, after
obsarving s. To solve for the equilibrium R& D levels, we take expectations of (41).
4@a- b)- 10E,(x,|s)- 4x, +9f,(5) +9s %
9

43
where f,(9) = E,(f,|s). Substituting E,(x|s) of (42) into (43), we get X, . Then
subgtituteit into (41) to obtain X, .

L = 20@- b)+12f,(s) +63f, - 30f, +75s
=
70

(44)

_4a- b)- 6f,(s)+15f, - 6s
= 14

Notethat if ﬂ(s) = f,, then (44) and (45) are equivaent to (17) and (18).

(45)

Using (19), (44), and (45), the domestic government’ s objective function is

~ .2
~ - - (6]
B.(s, fl,f1)=§%o(a b)+18f1(s)7;42f1 45f2+eosi
(4]

_Fl+

. 20(a - b) +12f,(s) + 63f, - 30f, + 755 &0(@ - b) +12f,(s) +63f, - 30f, +75592

70 70 P

(46)

f,

The game of incomplete information can have many perfect Bayesian equilibria (pooling,
hybrid, and separating). But pooling and mixed equilibria are ruled out by most

14



equilibrium refinementst®. Thus | analyze only the separating equilibrium. According to
Mailath (1987), sufficient conditions for the existence and uniqueness of a separating

equilibrium are belief monatonicity, type monotonicity, and single crossing conditions.

B
The belief monatonicity condition requires the sign of 1111191 to be kept unchanged over the

1

1°B,

1

support of f,. The type monotonicity condition requires the sign of to be kept

adso. The gngle crossng condition requires that gé%g/ﬂ?lj be monotonicin f,. In
e s Tt o

thismodd these sufficient conditions are al stisfied and, thus, this game has a unique
separating equilibriumt.

To derive the sgparating equilibrium, let the R&D subsdy begivenby s=f (f,),
where f (- ) isadifferentiable and one-to-one function. In the separating equilibrium,
incentive compatibility requires two things: Frg, the domestic government maximizes
domestic welfare given the beliefs of the foreign firm. Second, the beliefs of the foreign
firm are congstent with the separating equilibrium Strategy. This consgtency is stisfied
if the beliefs are formed by inverting the equilibrium subsidy so that fl(s) =f (9);
hence, in the separating equilibrium, the foreign firm can correctly infer the effectiveness

of domestic R& D from the subsidy chosen by the domestic government.
Maximizing domestic welfare (46), where the beliefs of the foreign firm are given by

ﬂ () =f "*(s), with respect to R& D subsidy yields the first order condition

-1
B _ 1B, o @
ds s ¢qf ds

The first term represents the direct effect of subsidy, as under complete information. The
second term represents the signding effects of the subsidy. In the separating equilibrium,

10 See Collie and Hviid (1993). They argue that Rasmusen’ s (1989) passive conjecture which isthe most
plausible out-of-equilibrium belief cannot be supported by the pooling equilibrium. The same logic applies
here.

11 6f the three conditions, it is straightforward to show that the type monotonicity holds with a positive
sign. Thisimpliesthat the more effective the domestic R& D, then the larger the gains to the domestic
country from using an R& D subsidy. The other two turn out to hold in the process of solving PBE.
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the foreign firm correctly infers the effect of domestic R& D from the R& D subsdy set

by the domestic government, so fl () = f,; hence (47) can be rewritten as the differentid
equation

df _2 18,0 /adlB,6_n, _- 20@- b)- 40f, +30f, - 125

I g D - (48)
df, 5 €75 o 20(a - b) +40f, - 30f, - 135s

where N and D represent numerator and denominator respectively. Notethat s=f (f,)*2,
The separating equilibrium subsdy function, f (f,) , isaparticular solution of this

differentid equation that satisfies the rlevant initid-value condition. Thisfirst order
homogeneous differentia equation cannot be solved explicitly; however, we can use a
qualitative analysis by drawing a figure and following the method of Collie and Hviid

(1993). Infigure 2, thetwo loci N =0 and D = 0 are shown. Above (below) theN =0
locus, the numerator is negative (positive). Above (below) the D = 0 locus, the
denominator is negative (pogtive). The D = 0 locus corresponds to the optima R&D
subsidy under complete information (20). These two linesintersect at (fl", SO) where

:-2(a-f)+3f2 | oo

We can derive two linear solutions of (48) that pass through this intersection. By

f.°

assuming dVdfl =k andplugging s=k(f, - £°)+$® intheright hand side of (48), | get

the quadratic 135k - 52k - 40 = 0 which can be solved for two roots k = 0.77, -0.38.
Both linear solutions are shown in figure 1. Moreover, to ensure only interior solutions, |
draw theloci x, =0 and x, =0 using (44) and (45).

The next gep in thisanadysisis to determine the initid-vaue condition that givesthe
specific solution of (48). Thisisreated to the above belief monotonicity condition. In

. . . . _ B .
the region above the N = 0 line, the numerator in (48) is negative, SO 11111?1 >0 (belief

1

monatonicity), thet is, domegtic wdfare isincreasing in the bdiefs of the foreign firm

12 At thispoint, if @ issufficiently large (actually | assumeit to makethe firms' profits positive), we can
see that belief monotonicity condition is satisfied with apositive sign. Thisimpliesthat the domestic
government’ swelfare increasesif the foreign firm believes that the domestic R& D activities are more
effective.



about the effectiveness of the domestic R&D. The wordt belief from the viewpoint of the
domestic government isif the foreign firm believesthat f," isthe actud effectiveness
Hence, if the effectiveness of domestic R&D isthe lowes, there is no incentive for the
domestic government to use R& D subsidy to signd the effectiveness, since the true effect
will be reveded in the separating equilibrium. Therefore, the initid-vaue condition is
that the domestic government sats the subsidy equa to the complete information level
when f, = f'.

Starting from this condition, there are two possible solutions, one with a positive dope
(L) and the other with a negetive dope (M) (seefigure 1). But the latter can be
eliminated since it does not satisfy the second order condition for welfare maximization:
According to Mailath (1987) or Collie and Hviid (1993), the second order condition can
be expressed as
d’B, _ df *€1°B, T°B, ‘ﬂBl/‘ﬂBl 3<

> & = ~(<0 (49)
ds ds gff,Ts 9f 9f, Is/ 9f, §

The second term in the bracket approaches zero as f, ® f,", because

d’B, _df ' 9°B,
ds’ ds 1f, s

1B,/1s® 0 and 9B, /1f, >0, s0

Since 1°B,/1f,fls > 0 from type monotonicity, df ~*/ds must be positive to satisfy (49).
Thus only the solution L survives. Intuitively, type monotonicity implies thet the more
effective the domestic R& D, then the larger benefit to the domestic country from using
the subsidy, thus the government sets higher subsidies than under complete informetion.

In fact, as shown in figure 1, the optimal R&D subsdy with incomplete information is
higher than the subsidy with complete information, and it gartsto diverge fromiit a the
lowest value of R& D effect™.

Proposition 1
When the product market is under Cournot competition, if the effect of domestic R&D on

domedtic fixed production cogts is unknown to the foreign firm, the domestic government

13 At this point, the single crossing condition turns out to be satisfied.



sets a higher R& D subsidy than the optima subsidy under complete information and
sgnds the effectiveness of the domestic R&D.

Comparison of the dope of the linear solution (k = 0.77) with that of the complete-
information subsidy (8/27) revedsthat if the support of f, hasawide range, then the
optima subsidy under incomplete information is approximately twice large as that under
complete information around f," . There are severd factorsthat affect k. One of themis
the coefficient on sin (45): (-3/7). If itsabsolute vaueislarger, it impliesthat the

foreign firm reduces its R& D more facing the larger domestic R& D subsidy. This has
two effects: First, it raises the dope of the complete-information subsidy. Second, it
increases W, / f, , that is, the larger belief the foreign firm has on the domestic R&D
effect improves the domestic welfare more, and this effect causes alarger divergence of

the sgnding subsidy from the complete-information subsdy.
3.2 R&D signaling model in a Bertrand duopoly

Now | assume that the effect of domestic R& D on fixed cogtsis private information
again. Using (29) and (30), thefirst order conditionsin stage 2 are

79, 70(2a- b)- 352x, - 28x, +225f, +225s
1%, 225

0 (50)

1E,(g,|S) _70(2a- b)- 28E,(x,|s)- 352x, +225f, _

0 51
1%, 225 1)

Asin the previous section, teking expectations of (50) and substituting E,(x, |s) yidd

. = 11083(2a- b)+245 f, (s) +38475f, - 3080 f, + 38720s
' 60192

(52)

. = 126(2a - b)- 35f, (s) +440f, - 35s
684

Interestingly, (52) and (53) in this Bertrand case have very smilar structures to (44) and

(45) under Cournot competition. In fact, calculating domestic government’ s objective

(53)

function B, (s, f,, f,) , we notice that al the sufficient conditions for existence and
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uniqueness of separating equilibrium are satisfied with the same sgns as in the previous
subsection (see gppendix 2). Figure 2 impliesthat the optimal R& D subsidy under

Bertrand competition has a smilar structure to that under Cournot competition.

Proposition 2

When the product market is characterized by Bertrand competition, asmilar subsidy
policy to proposition 1 will be followed by the domestic government: If the effect of
domestic R& D on domestic fixed costs is unknown to the foreign firm, then the domestic
government sets a higher R& D subsidy than the optima subsidy under complete
information in order to sSignd the effectiveness of the domestic R& D activities.

3.3 Welfare Consideration

In this section | will consider the implications the above policies have on the domedtic,

foreign, and world welfare. | will concentrate on the Cournot case, but Smilar results are

obtained dso in the Bertrand case. | will compare the following four cases:

(Case 1: Complete information without a government) In this case, the welfare values
are caculated using (10), (11), (17), and (18) setting sto zero.

(Case 2. Complete information with adomestic government) In this case, they are
cdculated using (10), (11), (17), (18), (19), and (20).

(Case 3: Signding equilibrium) In this case, we cannot derive an explicit form of the
optima subsidy athough the gpproximate shapeisseeninfigure 1. So, | assume that

- - b)+
L coinddeswith o =22~ P)*3f;

. Then the optimal R&D subsidy in the

sgnding eguilibrium is given by the linear solution with k=0.77. (For the sake of
comparison, | will assume thisfor dl the four cases) The welfare vaues are
caculated using (10), (11), (19), (44), (45), and the linear subsidy given below (48).
(Case 4: Enforced pooling equilibrium) As stated before, pooling equilibrium is ruled out
inthismoddl. However, if the domestic government cannot observe the exact vaue of
the domestic R& D effectiveness, it has to set the subsidy based on the initial
digribution of the effectiveness. The government is assumed to have information on
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such initid digtribution. It is aso assumed not to use any screening device to induce

the domestic firm to report its true effectiveness, which | will andyze in the next

section. Then the government sets the subsidy to the level given by (20) with f,

replaced by Tl (mean). Thewdfare vaues are caculated usng thiss, (10), (11), (44)

and (45) with f, replaced by T ,.

Due to the complexity of the functiond forms, | had to depend on smulation, rather than
derivation of generd results (table 1). Comparison of (Case 2) to (Casel) is
graightforward. The domestic government shifts foreign rents to the domestic country
by a drategic positive R& D subsidy in a Spencer-Brander sense. For every redized
vaue of the R& D effectiveness except for the f,", the domestic welfare increases, the
foreign welfare decreases, and the world welfare decreases in (Case 2).

Comparison of (Case 3) to (Case 2) isintuitively interesting. In Case 3, the foreign
firm does not have the information on the exact value of the redlized domestic R&D
effectiveness. To sgnd it, the domestic government will give excessive subsdiesto the
domegtic firm. Thisisdonein order to differentiate itsdf from a country with lower
effectiveness. Thisreduces dl the domestic, foreign, and world welfare compare to
(Case2). ltisinteresting that even the domestic welfare gets smdler in the presence of

private information.

The result of the comparison of (Case 4) to (Case 3) depends on the distribution of f, .

If it isskewed to f,", then the domestic expected welfare becomes larger, and both the
foreign and world welfare vaues become smdler in (Case 4).

3.4 Concluding remarksin the signaling model

If adomestic government and a domestic firm know the effect of R& D projects on the
domestic production, but aforeign firm does not know it, then the domestic government
sets a higher subsidy than is optima under complete information to sgnd the
effectiveness of the R&D. This conclusion holds whether firms compete in Cournot or

Bertrand mode.
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The results are highly restricted by many specific assumptions such as linear demands,
linear cost structures and so on. Especidly, the assumption that R& D investments reduce
both margina and fixed cost but only the effect on the latter is private information was
required for analytical convenience. Generdizing these assumptions makes the mode
highly intractable.

However, the propogition that the government sets a positive subsidy under complete
information regardless of the mode of competition at third stage has been dready shown
inamore generd setup by Bagwell & Staiger (1994). Moreover, also under incomplete
information, if Mailath’s conditions for existence and uniqueness of separating
equilibrium are satigfied with the same sign, then the government will set ahigher
subsidy than under complete information in order to demondirate the effectiveness of
domestic R& D regardless the mode of downstream competition. This robustness of the
optima subsidies seemstto fit the actual world compared to the sengtivity of export
intervention in the third market modd, in which not only the sign of the policy but dso
the ditortiond effect of incomplete information on it are totaly reversed depending on
the mode. (Thisthird-market modd is briefly reviewed in appendix 1.)

4. The screening model

In this section, | introduce a different informationa structure from the preceding section:
The domestic government is not well-informed on the effectiveness of domestic R&D

activitiesany more. Itsexact meaning isthat it does not know theredized vaue of f, at

the time when it announces its R& D policy, but it knows the digtribution of it. This
might be likely to happen when the government is subsidizing an infant industry. To
andyze the opposite case to the preceding signading modd, | assume that the foreign firm
iswel-informed on the value. That is, asymmetry of information exists between the
government and the private firms rather than across anationa border. Inthis case, it will
turn out that the domestic government faces a dilemma between giving a high subsidy to
shift rents from abroad and preventing the domestic firm from lying about its true
effectiveness of R&D. Asareault, the government gives smaller subsidies to the

domedtic firm than under complete information. Thisresult issSmilar to thet in Brainard
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and Martimort (1992), who applied a screening to athird market export mode without
R&D. Contrary to their mode, however, in my R&D modd, this result is robust
regardless of the mode of competition in the product market.

4.1 The R&D screening model under a Cournot duopoly

The basic gructure of the modd andyzed in this subsection isvery smilar to that in the
preceding signaling modd. Again, the effectiveness of domestic R&D, f,, isassumed to
be arandom varigble™*. However, | introduce one significant change: public funds are
assumed to be codtly. Thisfollows a convention in the previous screening modes: for
example, Baron and Myerson (1982), Laffont and Tirole (1986), and Brainard and
Martimort (1992, 1996). Thisassumption isrelated to the essentia Structure of screening
models. In the context of the R& D modd, the domestic government offers a contract that
has two parts. a per-unit R& D subsdy and alump sum (negative) transfer. The latter
plays an important role in inducing the firm to report itstrue R& D effectiveness. To
prevent the firm from reporting its untrue R& D effectiveness, the government offersa
contract that alows positive rent indde the firm with a reduced lump-sum tax if it reports
itstrue vdue. The lump sum-transfer is used as a screening device. And thistransfer
exigs only because public funds are cogtly. Thusthe costly budget case explained in
subsection 2.3 is used as a benchmark for this screening mode!.

| could have assumed costly public funds aso in the complete-information modd in
subsection 2.1 or in the Sgnaling modd in section 3. Recall that the policy was linear in
those modd s (there was no lump-sum trandfer). Inthis casg, if public funds were
assumed to be costly, then the optimal subsidy would become smaller both under
complete and incomplete information (asignaling modd). This result isSmilar to those
in Neary (1991) and Gruenspecht (1988), though they focus only on a complete
information case. As shown in the subsection 2.3, if non-linear policies with lump-sum

4 1n Brainard and Martimort (1992), fully symmetric profit functions for domestic and foreign are
assumed. In my R&D model, thisistoassume f, = f, = f . Intheir paper, thisis assumed to make the
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transfers are adopted, then the per-unit subsidy under complete information is exactly the
same as in the case when public funds are not codtly. To put it another way, if the form
of policiesis not restricted to linear subsidies, the introduction of the assumption of
costly budgets does not affect the optimal per-unit subsdies under complete information.
| extend this costly budget mode in the following screening modd. Thetiming of the
gameisasfollows At stage 1, the domestic government offers a contract that specifies
{s( fl), t( ﬂ)} , Where sis a per-unit R&D subsdy and t isalump-sum transfer from the
domedtic firm to the domestic government. They are functions of the effectiveness of

domestic R& D activities reported by the domestic firm before stage 2: f,°. At stage 2,
the domestic and foreign firms choose R& D levels smultaneoudy. At stage 3, they
smultaneoudy choose production levels.

The domestic government does not know the redlized value of f, whilethefirms
know it. Then the domedtic firm's rent after the transfer is done becomes:
U, (f,, f,) =py(s(f,), f,) - t(f,) (54)
where the specific functiona form of p, isgivenby (35). Note that the government

offers a contract {S( f.),1( fl)} based on the firm’s report f, .

When informetion isincomplete, the government’ s policy mugt satisfy the firm's
incentive compatibility congtraint to induce its truthful report as well asthe participation
congtraint.

Before investigating the incentive compatibility condraint, suppose that the
government offers the complete-information contract ((39) and (40) with the firm’s report

ﬂ ingteed of itstrue vaue f,) by even though information isincomplete, following the
step taken by Brainard and Martimort (1992). In this case, the government offersa
contract such that:

4@ - b)+8f, - 6f,

>7 and t(f,) =p,(s(f), f,).

gf,) =

model easy to handle when the countervailing intervention by aforeign government isintroduced. But | do
not assume this for sake of comparison with the previous signaling model.

15 The story becomes more complex if the foreign firm is allowed to report the R& D effect of the domestic
firm to the domestic government. In this paper | assume that the foreign firm cannot do it because it exists
out of the domestic government’ sjurisdiction.
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The second equation comes from the participation congraint: The government triesto
absorb dl the firm’s rents based on the report of the R& D effectiveness reveded by the
firm. Then, we can solve for the firm’s optima report by differentiating (54) with respect

to f,:

¢ _-532(a- b)+344f, +798f,

55
. 1849 (55)

Noting that a isassumed to be sufficiently large to make the two firms profits positive,
thisvaueislessthan f,. The domestic firm has an incentive to underreport the effect of
its R&D activitiesin order to reduce the lump-sum tax paid to the government.

I next solve for the optimd policy that stisfies the firm’ s incentive compatibility
condraint. | let U, (f;) denote the domegtic firm’s rent when its incentive compatibility
condraint is satisfied:

U,(f,)° U (f,f)
The firgt order condition for the domestic firm’s optima choice of report is.

Tp, (s(f,). f,) s(f)  fit(Fy) _
fis 1If, 1If,

where the functional formsof p, isgivenin (35). Using (55) and the envelope theorem

(56)

yields the fallowing incentive compatibility constraint that the government faces:
U,(f,) =[40@ - b)+129f, - 60f, +129s( f,)]/98 (57)

where represents a derivative with respect to f,. The domestic government maximizes
the expected vaue of (37) with respect to its policy subject to the participation constraint
(38) and the incentive compatibility congtraint (57). Subdituting for the transfer

transforms the government’ s problem to:

Maxs( f1),U1( f1) apl (S( fl)’ fl) - S( fl) Xl(S( fl)’ fl) - ng( fl)]h( fl)dfl

subject to (38) and (57), where g ° c/1+c, h()isadengty function, and the functiona
formsof p, and x, are given by (35) and (17) respectively.

Then the Hamiltonian for this problemis
H(sUp !, ) =[P (s(f), )= SR (SR, £,)- g (F)](E)
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+1 (f,)[40(@@ - b)+129f, - 60f, +129s( f,)]/98 (58)

where | isthe multiplier on the congraint (57).
The optimality conditions in Pontryagin’'s Principle are:

I (f)=- 59 d
(f,) ) 59 &
H

—=0 60).

0s (60)

(59) yidds | (f,) =dn(f,). Sincethe domestic firm has an incentive to underreport the
effect of its R& D activities given the complete-information contract, as expressed in (55),
the participation congraint (38) binds when R&D activities are the least effective:
U, (f,") =0, whilethereisno restrictionon U, (f,"). Thus | (f,") =0 and this solves
for themultiplier: 1 (f,) =g(H(f,)- 1), where H() isacumulative digtribution
function'®.

Solving (60) and subgtituting the above | into the solution yield the following
optimal subsidy in this screening game:

_4a-b)+8f -6f, 43 1- H(f)
N B T ON >

Note that the firgt term is the optima subsidy under complete informetion. It is obvious
that asymmetric information distorts the optima subsidy downward.

Proposition 3

When the product market is under Cournot competition, if the effect of domestic R& D
activities on domestic fixed production costs is unknown to the domestic government,
then the government faces a tradeoff between shifting rents from abroad and inducing
truthful revelaion by the domestic firm, and sets smdler R& D subsidy than under
complete informetion.

If | assume a uniform dendty asin Brainard and Martimort (1992), then the optima
subsidy becomes:

16 | assume the usual monotone hazard property.



s(fl):4(a- b);r78fl- 6f, gg(le - 1) 62

The optimal subsdy is shown in Figure 3. Firgt of dl note that the subsidy under
complete information in thisfigure is exactly the same asthat in figure 1. Introduction of
incomplete information distorts the subsidy downward in this screening modd. The
assumption of uniform density makes the subsidy schedule under incomplete information
adraight line. It sartsto diverge from the complete-information subsidy & the right end.
The optima subsidy might turn to atax (negative subsdy) for some part of the R&D
effect if the support of the digtribution has awide range.

4.2 The R&D screening model under a Bertrand duopoly

Our next concern is the robustness of the optima policy with regard to the mode of
competition at the third Stage. The result turns out to be robust: the optimal policy under
complete information is an R& D subsidy and incomplete information ditorts this
subsidy downward as in the Cournot case. If | return to symmetric linear demand
functions asin (21) and (22) and set the coefficient of R&D expenditureto 1 (v =1)*7,
then the optimal subsdy under incomplete information is.

126(2a- b)+98f, - 35f, 7573 1- H(f,)

f)=
<t 14950 74759 n(t,)

(63)

See appendix 3 for the process of caculation. Again, the first term corresponds to the
optimal subsdy under complete information and is equivaent to (34). The second term
digtorts the optima subsidy downward under incomplete information:

Proposition 4

When the product market is characterized by Bertrand competition, asmilar subsidy
policy to proposition 3 will be taken by the domestic government. If the effect of
domestic R& D on domestic fixed cost is unknown to the government, then the
government setsasmadler R& D subsidy than under complete information.

17 ps before, for simplicity of calculation, | assume these specific coefficients like Y2and 1. The result does
not change if | change those parameters as long as they satisfy the second order conditionsin stage 1 and 2.
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Indeed, we could loosely predict this result before starting cumbersome cal culations,
since (29) and (30) imply that choice variables are drategic subgtitutes at stage 2 even in
this Bertrand competition, and the coefficient on f, in (29) hasthe same sgn asin (12).
As shown in gppendix 2, the firm'’ s incentive competibility congraint in this Bertrand cs2
has asmilar Sructure to that in the Cournot case. Thisyieds the robustness: Not only
the sgn of the policy (subsidy or tax) but dso the distortionary effects of incomplete
information on the policy is robust regardiess of the mode of competition.

4.3 The R&D screening model with a fully non-linear policy

In the above screening modd, the policy was non-linear in the sense that it contained a
lump-sum transfer. However, the policy schedule was not fully non-linear but affine in
the sense that asubsidy sis given on a per-unit basis (Tirole (1988), pp.136). Inthis
subsection, | analyze the case in which the policy maker uses afully non-linear policy
schedule following Brainard and Martimort (1996). Asin their paper, the Revelation
Principle gpplies without loss of generdity: The domestic government offers a contract
that contains two parts. a nortlinear transfer schedule to the domestic firm, t |, and its
R&D activity leve, x,. They are both functions of the firm's report on the effectiveness

of its R&D activities, f, .

Thetiming of the game turnsinto as following: At stage 1, the domestic government
offers the above direct revelation mechanism that specifies {t (), %,( ﬂ)} At stage 2, the
domestic firm choosesiits report on the effect of R&D, f,, and theforeign firm

smultaneoudy choosesits R&D leve, x,. At stage 3, the firms smultaneoudy decide

production levels (in the case of Cournot competition) or prices (in Bertrand).
The equilibrium production levels a the third stage are the same as (8) and (9). At the
second stage, the domestic firm’srent is imilar to (10):

a@-b+2x - x ¢
U1:9 3 - X2+":1-*']:1)(1')(12-"t (64)
e (4]




Note that sx, in (10) isreplaced by t in (64). Theforeign firm'srent isthe same as

(11), but for convenience of notation we redefineitas U, :

a-b-x+2x, 8
Uz :9 31 2 - Fz + f2X2- X22 (65)
e (4]

Noting that x, and t are the functions of the domestic firm’s report, we can express the
first order condition for the firm’s optimization problem a stage 2 evaluated a
equilibrium es

(4/9a- b +2x(f,)- %,]x(f,)+f,x (f)- 2x(f,)x,(f,) +t(f)=0 (66)
Since the foreign firm maximizes its rent with respect to its R&D levd, thefirst order
condition for its optimization problem a stage 2 is the same as (13):

[4@- b)- 4x - 10x, +9f,]/9=0 (67)

(66) and the envelope theorem yield the incentive competibility congtraint thet the

government faces.

U,(f,)=(-2/9fa- b+2x(f,) - % (f)]x(f)+x(f,) (68)

Note that snce the government offers a contract before the foreign firm choosesits R&D
level, the government anticipates the effect of its policy on the foreign firm's decison.
Thatiswhy X, isafunctionof f, thistime. Itsformisgiven by differentiating the
foreign firm' simplicit best response function (67):

X, (f,) = - 2/5x,(1,) (69)

Subdtituting (67) and (69) into (68) rewrites the compatibility congtraint as.

U, (f,) = W 75[4@- b)+16x,(f,)- 6f,]x (,) +x(f,) (70)
The government maximizes the expected value of U, (f,)- (1+c)t (f,). Using (64) and
(67) transforms the government’ s objective function to:

fH Ve 2 ~
L &9(a- b) +8x (f.)- 3f, 6 U
Max, o O D*B(M)-360 £ gy (1) % (1)7 - @, ()dh(f)df,
flL@ 10 g g
)

wherethe definitions of ¢, g, and h() are the same as before. The condraints of this

maximization problem is the participation condraint (the same form as (38)) and the
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incentive competibility congtraint (70). To solveit, we introduce an auxiliary choice
variable following Brainard and Martimort (1996):

7,(f,)° % (f,) (72)
Then, the Hamiltonian becomes:
é2@- b)+8x - 3,5

0
H(z.U, x| .mf,) =& + - B+ fx - %7 - gJyun(f)
& 10 7 a

éd(a - b)+16x - 6f u
+1 e ( )75 A 2 Zl+Xl|:]+m1 (73)
e u

where | and nr are the multipliers on the congraint (70) and (72) respectively.

The conditions of Pontryagin Principles are:

H_

=W (72)
™ = gt (75)
X,

TH

—=0 6
- (76)

(74) yidds | (f,) =dn(f,). Sincethe domedtic firm'srent is an increasing function as
implied by (70), the participation congtraint binds for the firm whose R& D activity isthe
least effective: U, (f,") =0, whilethereisno restrictionon U, (f,"). Thus| (f")=0
and this solves for the multiplier: | (f,) =g(H (f,)- 1), where H() isacumuldive
digtribution function. Using this, (75), and (76) yields the optima contract:

1- H(f)

46- g)(a- b)+75f, - 6(6- g)f, - 759 h(f)

2(27 +8g)
Noting that a islarge enough to make the firms’ rents positive, this output is smaller
than the complete-information Stackelberg output (which is equivaent to the above vaue
when g =0). Thus, the same conclusion as proposition 3 is obtained: Incomplete

x(f) = (77)

29



information decreases the government’ s precommitment ability. And the Smilar result
holds even when the mode of competition in stage 3 is Bertrand.

4.4 Concluding remarksin the screening model

In this section | assumed a different informationa structure from the last section: The
government does not observe the redized vaue of the domestic R& D effectiveness when
it offers a contract to the firm. The domestic and foreign firms observeit. Inthis
screening modd, | obtained asmilar conclusion to Brainard and Martimort (1992 and
1996) briefly reviewed in gppendix 1. The government faces a dilemma between

inducing the domestic firm to engage in more R& D activities and preventing its

untruthful revelation about its R& D effectiveness. The latter undermines the

government’ s precommitment ability. Contrary to Brainard and Martimort, however, this
conclusion is robust irrespective to the mode of competition in the product market. This
robustness comes from the fact that choice variables at stage 2 are strategic subgtitutes no
meatter what the choice variables are at stage 3 and that the firm’ s incentive compatibility

congraint has the same structure irrespective to the mode.

5. Concluding Remarks

This paper andyzes the optimal R& D subsidies under various circumstances. | assume
that R& D activities affect both margind and fixed costs of production and that only their
effects on the latter are random. Thisisthe casein which, for example, the construction
of the firm’s plant requires a highly sophigticated technology. Under complete
informetion, the government gives postive R& D subsdies to the firm and this subsidy is
an increasing function of the R& D effectiveness. | introduce asymmetric information in
thismodd. When the government observes the exact effect of domestic R& D activities
and aforeign firm does not, then the government gives a higher subsidy to the domestic
firm than under complete information in order to Sgna the effectiveness. On the other
hand, if the government does not observe the effectiveness at the time of contract, then it
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faces a tradeoff between giving high subsidies and inducing truthful revelation of the
effectiveness. Then, it givesasmaler subsidy than under complete information.

My second concern stated in introduction was sengitivity of those results to the mode
of competition. ThisR&D mode showed that those directions in which the incomplete
information digtorts the policy are robust regardless of the mode of competition at the
third age. Thisresult sharply contrasts with that in the third-market model without
R&D. Inthethird-market model, the sign of the policy depends on the mode of
competition in a product market: a subsidy under Cournot, but atax under Bertrand.
Moreover, the range of possible outcomes are doubled by introduction of different
information structure: In the sgnaling modd, the subsidy is distorted upward under
Cournot, but the tax is distorted downward under Bertrand. In the screening mode!, the
subsidy is distorted downward under Cournot, but the tax is distorted upward under
Bertrand. Inthe R&D modd, however, these kinds of complexity the government faces
are rdaxed: The optima R&D policy under complete information is a subsidy regardiess
of the mode of competition as proved in the past literature. As shown in this paper, with
incomplete information, the well-informed government should distort the subsidy upward
no matter which competition is going on. On the other hand, the not well-informed
government should distort it downward regardless of the competition mode. The results
depend on the specific assumption | used in the modd, of course. However, aslong as
the choice varigblesin stage 2 are drategic subdtitutes, the sufficient conditionsin
sgnding modds hold with the same sgn, and the firm’ s incentive competibility
condition holds with the same sign in the screening mode!, this robustnessis going to be
kept.

Besides the above robustness, there is another reason for the feding that thisR&D
mode fitsthe actud policies Thisis rdated to the fact that sisan increasing function of

f,. Inthe R&D mode under complete information the government gives ahigher R&D
subsidy to the domestic firm when R& D projects are more effective. This conclusonis
strengthened under incomplete information. On the other hand, in the Cournot verson of
the third market modd, the domestic government gives a higher export subsidy to the
domestic firm when the margind cost of production is lower (In figure 4, the optimd
subsidy has anegative dope). These two results are saying the same thing in the sense
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that “the more comptitive firm should be more subsidized”. However, as pointed out at
the end of the introduction, the third market modd seemsto fall to fit what isactudly
going on, because there seemsto be a historica experience that direct intervention on
trade have been implemented in the less competitive area. Aslong asR&D are
considered, however, it seems naturd for the government to increase a subsidy to the
more effective R& D activities.
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Figure 1 Optimal R& D Subsidy under Cournot Competition
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Figure 2 Optimal R& D Subsdy under Bertrand Competition
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Figure 3 Optimal R& D Subsidy in the Screening Model under Cournot Competition
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Figure4 Separating Equilibrim in the Third Market Mode (Collie and Hviid
(1993))

Under a Cour not duopoly
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(Note)1. The abovefigure is equivdent to figure 1 in Collie and Hviid (1993) with the
horizonta axis replaced with the cost.

2. The below figure is drawn by the author based on the discusson in Collie and Hviid
(1993), pp.338.



Figure5 Optimal Subsidy in the Third Market Screening Mode (Brainard and
Martimort (1992))
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(Note) In Brainard and Martimort (1992), margina costs of domestic and foreign firms
are assumed to be aways equivalent.



Appendix 1. The past literature on strategic trade models under asymmetric

information

| briefly review the past strategic trade models under incomplete information for seke
comparison with the R&D modd!.

Ininternational economics, players often resde in areas divided by nationd borders
and some of them are likely to be less wdl-informed about the other players preferences
than about their own, though the passibility of asymmetric information will not be limited
to such cross-border cases. Severd internationa trade papers dedl with the problem of
such incomplete information, some of which are Brainard and Martimort (1992), and
Collie and Hviid (1993), whose methods | used in this paper. Models are categorized
based on the assumption on who own private information and who do not. Many models
belong to the strands of screening or signaling models®, most of which use the third
market model as their setups'®.

A.1.1 Signaling Models

With complete information in a Cournot duopoly, the optima policy is an export subsidy
in the third market model. Collie and Hviid (1993) introduce incomplete information by
assuming that the domestic government and the domestic firm know the margina cost of
the domestic production, but the foreign firm does not know it. They derive a separating
equilibrium?® and show that, with incomplete information in a Cournot duopoly, the
domestic government will use a higher export subsidy to signd the competitiveness of
the domedtic firm (figure 4).

Thisresult isreversed in Bertrand competition. With complete informationin a
Bertrand duopoly, asin Eaton and Grossman (1986), the optima policy is an export tax
(negative subsidy). Collie and Hviid (1993) showed that with incomplete information in
aBertrand duopoly, the domestic government sets alower export tax to sgna the
domedtic firm’s*“uncompetitiveness’ (figure 4). Thus, not only the sign of the optimd

18 Some of these incomplete information models are briefly reviewed in Brander (1995).

19 A few exceptions are Collie and Hviid (1994) which introduce incompl ete information to the model in
which adomestic country imports a product from aforeign monopolist, and Collie and Hviid (1999) which
analyze areciprocal markets model with incomplete information.

20 Thereis also amodel which focus on a pooling equilibrium (see Kolev and Prusa (1999)) in adifferent
setup.
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policy but dso the digortionary effect of incomplete information on the palicy is
sengtive to the mode of competition.

A.1.2 Screening Models

Brainard and Martimort (1992) study a screening in the third market modd. In ther
model, the domestic production cost is private information and the domestic government
announces its trade policy without observing its redlized value. The domestic and foreign

firms know it?!

. This policy announcement comprises two parts. a per-unit export
subsdy and alump-sum trandfer from the firm to the government. They are functions of
the production cost reported by the domestic firm. Then the domegtic firm reportsiits
production cost. And the two firms produce goods and export them to the third country.
In their mode, the domestic government gives smaller subsidies than under complete
information in order to induce the domestic firm to report itstrue cost (figure 5). As
shown in thisfigure, if the distribution of the cost has alarge support, then the optimal
policy might become even an export tax (negative subsidy) for some range of the cost. In
their third-market screening modd, the conclusion switches when the firms compete as
Bertrand duopolists. In the Bertrand case, the optimal export policy isatax under
complete information as mentioned before, and the optimal tax is distorted upwards
under incomplete information, contrary to the Cournot case. Again, the directionin
which incomplete information affects the policy istotdly reversed by changing the mode
of competition. The results of the R& D modd developed in text contrast with the

sengtivity in the past literature.

21Qiu (1994) assumes adifferent informational structure from those in the signaling and screening models.

His model isathird market model without R& D, in which the domestic government and the foreign firm
are not well-informed on the domestic production cost, but the domestic firm knowsit. It isatwo-cost-

type model that combines screening and signaling. | did not adopt this approach in thisR& D paper.
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Appendix 2: Separating equilibrium when the firms are Bertrand duopolists

Calculation gets messy, partly because (21) and (22) contain parameters that are less than
one.

Government' swelfare function W, =p, - sx, isrewritten using (33), (52), and (53):
&23760(2a - b) +525 fl(s) +17455f, - 6600f, +18480592

B, (s, f )= = _F
1( 1 l) é 60192 a 1
, ¢ - 221088(2a- b) +245f, (s) + 384751, - 6600 f, +18480s0
tg 60192 5
_ 281088(2a - b) +245f (s) + 384751, - 6600f, +18480$ A1)
60192 5
Mailah's three conditions are satisfied, since
2
E>o, 1B, >0, and o -|smonoton|cm f,.
T, AR é ﬂs (é‘ﬂf
The differentid equetion derived from the government’ s welfare maximization is
a? ﬂB ~ 7[- 1584(2a - b)- 1232f, +440f, - 35s] (A2)
df1 ‘ﬂs g 88[126(2a - b)+98f, - 35f, - 14950s]
N = Oand D =0linesintersect a& (f,°,s") where
- -b)+
o= 64982a- b)+1805f,  ,_,
5054

To derive two linear solutions of (A2) that pass through this intersection, we solve the
quadratic 474931600k? - 3201709k - 3113264 = 0, which have two roots

k = 0.084, -0.078.

Thelod x, =0 and x, =0 are calculated from (52) and (53).

The above results are shown in figure 2.
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Appendix 3: Optimal subsidy in the R& D screening modd when thefirmsare
Bertrand duopoligts

Plugging (31) and (32) into (27), the domestic firm’s profit function before alump sum
transfer is:

a270(2a - b) +210f, - 75f, +210s(f,) &
pu(s(f,), f,) = /022~ D) + 2101, - 5L, +2A0s(1) 0
e 684 ]

126(2a- b) +440f, - 35f, +4405(f,) 2326(2a- b) +440f, - 35f, +440s(f,) o
+(f, +s(f,)) -G :

684 e 684 @
This corresponds to (35) in Cournot case.

| assume that public funds are costly just asin the screening model under Cournot
competition and follow exactly the same step as before.
The incentive compatibility congraint corresponding to (57) in the Cournot caseis:
U, (f,) =[11088(2a- b) +37865f, - 3080f, + 37865s( ,)]/58482
The Hamiltonian becomes:
H(sU,. 1, ) =[p, (), £,)- s(f)x ((f,), f,)- g, (f)]h(T,)
+1 (f,)[11088(2a- b)+37865f, - 3080f, + 37865s(f, )|/58482
If we solve this Hamiltonian using the Pontryagin’s Principle, we obtain (63).
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Table 1 Comparison of Welfare

domestic welfare

f1 125 2 3 4 5 6
(case 1) 0.391 1.230 3.500 7.087 11.990 18.209
(case 2) 0.391 1.250 3.611 7.361 12.500 19.028
(case 3) 0,391 1.198 3.327 6.660 11,196 16,936
(case 4) 0.516 1.634 3.911 7.089 11.167 16.145

foreign welfare

f1 125 2 3 4 5 6
(case 1) 18.828 15.944 12.500 9.515 6.990 4.923
(case 2) 18.828 15139 10.895 7.423 4722 2.793
(case 3) 18.828 13.899 8.586 4.711 2.275 1.277
(case 4) 14337 12.427 10.037 7.827 5797 3.947|

world welfare

f1 1.25 2 3 4 5 6
(case 1) 19.219 17173 16.000 16.602 18.980 23133
(case 2) 19.219 16.389 14.506 14.784 17.222 21.821
(case 3) 19,219 15.097 11.913 11.371 13471 18212
(case 4) 14.853 14.061 13.948 14.916 16.964 20.092
Assumptions:

alpha= 15, beta =10, F1=0, F2 =5, f2=5

If the support of f1 is taken wide enough, modifications of parameter values
do not affect the relationship between values of each case.



