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ABSTRACT
This research paper is aimed at understanding why border trade policies are today complemented with
behind-the-border policies like output subsidies, R&D subsidies, and public R&D investments. This is a
new type of protectionism that becomes prominent since the 2006-2008 economic crisis. In this paper we
analyze the impact of various policies on domestic cost-reducing research and development (R&D)
expenditures using an international duopolistic model with uncertainty regarding the result of the R&D
process. We examine the impact of “at-the-border” policies (import tariffs, import quotas, voluntary
export restraints, and minimum price agreements) as well as “behind-the-border” policies (output
subsidies, R&D subsidies, and public R&D investments). We demonstrate new theoretical findings, in
particular the increasing then decreasing impact of quotas on R&D, as well as the impact of production
subsidies, public R&D investments, and minimum price agreements on private R&D. We conclude that
R&D subsidies are appealing policy instruments because they support not only domestic R&D
expenditures but also domestic production and profits without reducing consumers’ surplus. A welfare
analysis gives a different point of view: it suggests that either production subsidies or import tariffs are
superior. These results hold under both types of competition (Cournot and Bertrand). We conclude with a
discussion of policy implications.
Keywords: research and development; trade policy; tariff on imports; quota; VER; minimum
price; output subsidy; R&D subsidy
JEL classification: F13, O30
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1. INTRODUCTION
For many high-income countries, the issue of economic competitiveness in the face of growing
globalization has been at the center of public debate for more than a decade. Competitiveness has a
significant influence on a country’s market shares and exports, as well as its production and employment
levels. Determining the right policies to improve the competitiveness of a sector is complex, especially in
the context of globalization. In particular, there is much debate over how to ensure that the private
industrial sector can compete with imports coming from countries with low production costs.
Competitiveness measures the ability of a firm or a sector to sell goods and/or services in a given
market in relation to other firms or sectors located in other countries. A distinction is often made between
price and nonprice competitiveness; the former concept refers to compared levels of costs, prices, and
exchange rates, while the latter focuses on other features such as a product’s quality, reliability, and
technological content. The technological dimension is a key issue because research and development
(R&D) expenditures can lead to either reduced production costs or increased product quality. In that
sense, R&D may be one way in which high-income countries’ private industrial sectors may react to
increased competition from countries with lower production costs.
Consequently, it becomes crucial to determine whether a high-income country’s government is in
a position to support its domestic firms’ R&D expenditures. The objective of this paper is to evaluate the
impact of various policy instruments, both “at-the-border” and “behind-the-border” policies, on domestic
firms’ R&D. We also evaluate the impact of these instruments on other variables such as domestic
production and profits, consumers’ surplus, and public revenues. Finally, we conduct a welfare analysis.
We concentrate our effort on cost-reducing R&D investment. R&D may be also undertaken with
other objectives in mind, such as the design of a new product. This would lead to a very different
modeling of R&D, which would represent another research paper; however, studying the impact of
various policy instruments on cost-reducing R&D already leads to many interesting results.
The impact of economic policy on R&D has been studied in the economic literature. The
reference model is an article by Spencer and Brander (1983) that analyzes the impact of an R&D subsidy
in an international Cournot duopoly: the researchers describe a long-term strategic interaction between
firms that compete in the short term in an international market-share rivalry. R&D investment decreases
the marginal cost of each profit-maximizing firm. Spencer and Brander show that an R&D subsidy
increases both domestic R&D expenditures and the government’s objective function, consisting of the
domestic firms’ profit net of the cost of the subsidy, while decreasing foreign R&D expenditures and
profits.
In a Cournot duopolistic model with segmented markets and scale economies, Krugman (1984)
analyzes the impact of various trade policies on domestic profits. He shows that a protectionist barrier
increases domestic R&D investment while reducing foreign R&D. Again, in this theoretical structure, any
increase in domestic R&D has a direct and certain (negative) impact on a firm’s marginal cost.
Reitzes (1991) designs a model similar to that of Spencer and Brander (1983) but studies the
impact of two trade policy instruments: an import tariff and a quota. He shows that the former instrument
increases domestic investment in R&D while the latter decreases it. Leahy and Neary (1996) also study a
Cournot international duopoly model with R&D investment in the first period and output decision in the
second. In their model, a government may tax or subsidize R&D or output, the focus being on the timing
of the moves and the ability of agents to engage in intertemporal commitment. Again, in this model, the
higher the investment in R&D, the lower the marginal cost of production. Leahy and Neary (1997) also
design an oligopolistic model with n firms and R&D spillovers. In this model, investment in R&D lowers
marginal costs, but, thanks to the spillover, domestic R&D also decreases competitors’ marginal costs. It
is shown that firms’ strategic behavior tends to reduce output, R&D investment, and welfare, thus
justifying higher subsidies for R&D investment. Qiu and Tao (1998) analyze the relationship between
trade policy and R&D under international cooperation. Firms may engage in either “coordination,” in
order to reduce global R&D overinvestment, or “collaboration,” by sharing the extra profits coming from
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R&D investment. Each government implements an R&D subsidy, which increases domestic R&D but
does not systematically decrease foreign R&D. The impact of the subsidy on foreign R&D is negative
under international coordination, while its effects are undetermined under international collaboration.
Along the line of Reitzes (1991), Bouët (2001) studies the impact of an import tariff and a
voluntary export restraint (VER) on R&D, using an international Cournot duopoly model in which the
effect of R&D on marginal cost is uncertain. A Northern firm faces competition in its home market from
a Southern firm with low marginal cost. The former may invest in R&D, which can potentially reduce its
marginal cost but can also fail, in which case the marginal cost remains unchanged. R&D expenditures
increase the probability that the marginal cost will be low, without guarantee of success. Like Reitzes,
Bouët concludes that an import tariff may increase domestic investment in R&D, while a VER may
decrease domestic R&D investment. In this model, the Southern firm is ready to restrain its exports
because that will lead the Northern firm to limit its R&D expenditures; thus, the probability of successful
R&D efforts in the Northern country is reduced.
Finally, Haaland and Kind (2008) include the issue of intra-industry trade in the relationship
between trade policy and R&D. With intra-industry trade, an R&D subsidy augments the domestic firm’s
R&D investment and decreases the foreign firm’s one.
The objective of this paper is to study the potential impact of various policy instruments on
domestic R&D investments: import tariffs, production subsidies, R&D subsidies, public investment in
R&D, import quotas, VERs, and minimum prices. While trade policy is traditionally understood as a set
of policy instruments implemented “at the border,” such as import tariffs, quotas, and VERs, we study the
impact of other barriers implemented “behind the border,” such as production subsidies, R&D subsidies,
public investment in R&D, and minimum prices. These behind-the-border policies are typically
implemented with the objective of benefiting domestic firms over foreign firms. R&D subsidies in
particular are becoming more and more common; in 2013, the French government created a banque
publique d’investissement in charge of funding innovating firms. Also in 2013, Romi, a Brazilian firm,
received a governmental loan of 27 million reals with a below-market interest rate in order to invest in
innovation and new “process design” (Economist 2013). This is what Evenett (2013) describes as
“protectionism’s quiet return”: according to his research, 431 protectionist measures were adopted
throughout the world between June 2012 and May 2013, 95 of them being subsidies of different forms
and 64 being tariff increases.
Another form of behind-the-border policy is the implementation of business clusters, initiated or
even subsidized by a government. A business cluster is a geographic concentration of firms
interconnected in a particular field: it is based on Porter’s (2000) model. In France, the pôles de
compétitivité are business clusters recognized by the government: they connect private companies with
universities and private or public research centers. In 2008, 71 pôles de compétitivité existed in France;
they received US$1.3 billion in public subsidies between 2005 and 2008.
We also study the impact of minimum price agreements on R&D, as well as on domestic profits,
production, and consumers’ surplus. This type of agreement has recently been implemented in the
European Union: in 2013, the European Commission set a minimum price on imports of photovoltaic
panels from China. Just prior to this agreement, the European Commission threatened Chinese exporters
with a 47.6 percent antidumping duty.
We conclude that R&D subsidies are an appealing policy instrument because their impact on
R&D investments is systematically positive. They also have a positive impact on domestic activity,
domestic profits, and domestic consumption. These results are robust to a change in the mode of
competition (Cournot or Bertrand). Moreover, R&D subsidies may be more easily implemented than
other policies. The use of instruments such as quotas is forbidden by the World Trade Organization
(WTO), and the use of tariffs is not totally free: they are bound. Production subsidies are not prohibited;
according to WTO law they are “actionable,” but their implementation is under severe control because
they may be implemented only in specific circumstances for a limited period of time. Instruments such as
R&D subsidies or minimum prices are not prohibited by the WTO as long as they do not have a negative
impact on international trade. It may be difficult to demonstrate that a policy such as an R&D subsidy has
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a negative impact on trade flows, and even if this is the case, international institutions are relatively
tolerant. For example, in 2012 the European Commission approved French state assistance in the car
sector even though it concluded that the measure would affect international trade flows (Evenett 2013). In
our model we show that these policies have a negative impact on international trade, but they are behindthe-border policies and therefore are much less visible. WTO members are not obligated to notify the
organization of implementation of such policies, unlike changes in tariffs or the implementation of quotas
or export taxes or subsidies (at-the-border policies), which do have to be brought to the attention of the
WTO.
The model we use is based on Bouët (2001). The framework is simple, introducing uncertainty in
the impact of R&D in a very simple way. This uncertainty makes the model more realistic, which is an
advantage over Spencer and Brander (1983) or Reitzes (1991). Moreover, this theoretical structure may
be extended to Bertrand competition. A generalization to Bertrand competition is important. These
models have been highly criticized for their lack of robustness, in particular in terms of the mode of
competition.1 Therefore, it is important to study the impact of the same policy instruments under Cournot
and Bertrand modes of competition.
A criticism may be raised against this theoretical structure because it is a partial equilibrium
model: there must be other industries from which resources would be drawn away, and these could be
industries that have a comparative advantage. In short, this partial equilibrium model does not allow us to
draw any general equilibrium conclusions. However, we can consider sectors whose economic size is not
too large. We can also argue that this theoretical structure is much more tractable than a general
equilibrium model.
We analyze the impact of six policy instruments (three at-the-border policies—a tariff, a quota,
and a VER—and three behind-the-border policies—a production subsidy, an R&D subsidy, and a public
R&D investment) under Cournot competition and five (two at-the-border policies—a tariff and a
minimum price—and three behind-the-border policies—a production subsidy, an R&D subsidy, and a
public R&D investment) under Bertrand competition. Some of these effects have never been studied
before in this theoretical framework, specifically the quota, the minimum price, the production and R&D
subsidies, and the public investment in R&D.
Section 2 presents the model under Cournot competition, and Section 3 analyzes the impact of the
six policy instruments under this mode of competition. After explaining how the model is modified under
Bertrand competition, Section 4 analyzes the impact of five trade policy instruments under this alternate
mode of competition. Section 5 synthetizes and discusses the results. Section 6 concludes.

1 See Brander and Spencer (1985), where the optimal policy is an export subsidy under Cournot, and Eaton and Grossman
(1986), where the optimal policy is an export tax under Bertrand. Other modeling features are identical.
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2. THE MODEL UNDER COURNOT COMPETITION
Consider a partial equilibrium model of a home-market Cournot duopoly in which a domestic firm and a
foreign firm sell a homogeneous good in the home market. The foreign firm’s marginal cost of production
is low, while the domestic firm’s marginal cost of production is low conditional to the success of an
investment in R&D. In this paper, we use a general form of this model.2
Assumption 1a: Denoting 𝑥 (respectively, 𝑦) the domestic (respectively, foreign) firm’s output
and 𝑝 the market price, we have 𝑝 = 𝑝(𝑥 + 𝑦) = 𝑝(𝑋). We suppose 𝑝′ = d𝑝⁄d𝑋 < 0. We denote 𝑐 (𝑐 ∗ )
the domestic (foreign) firm’s marginal cost of output and 𝐹 (𝐹 ∗ ) the domestic (foreign) firm’s fixed cost
of output. We have 𝑐 ∗ = 𝑐𝑙 . The domestic firm invests in R&D. If this R&D investment succeeds, its
marginal cost is 𝑐 = 𝑐𝑙 .3 If it does not succeed, its marginal cost is 𝑐 = 𝑐ℎ , with 𝑐𝑙 < 𝑐ℎ . The domestic
firm invests in a level 𝑟 of R&D, with a constant average cost of R&D denoted by 𝑣.
𝑃𝑟𝑜𝑏{𝑐 = 𝑐𝑙 ⁄𝑟} = 𝛼(𝑟)
𝑃𝑟𝑜𝑏{𝑐 = 𝑐ℎ ⁄𝑟} = 1 − 𝛼(𝑟)

(1)

The larger the R&D investment, the higher the likelihood that 𝑐 = 𝑐𝑙 . However, returns of the R&D
investment are decreasing. This assumption is important because it conditions a broad set of results, in
particular all the ways a policy instrument affects R&D (positively or negatively).
Assumption 2: 𝛼 ′ (𝑟) = d𝛼(𝑟)⁄d𝑟 > 0, 𝛼 ′′ (𝑟) = d2 𝛼(𝑟)⁄d𝑟 2 ≤ 0. An implicit assumption is
that the foreign firm learns the outcome of domestic R&D in a first stage. This is the simplest and most
straightforward assumption. However, in future research we may consider another situation in particular:
whether the domestic firm has an incentive to share information with its rival about R&D success or
failure. The expressions of profit are as follows:
П(𝑥, 𝑦) = 𝑥𝑝(𝑥 + 𝑦) − 𝑐𝑥 − 𝐹 − 𝑣𝑟

(2)

П∗ (𝑥, 𝑦) = 𝑦𝑝(𝑥 + 𝑦) − 𝑐𝑙 𝑦 − 𝐹 ∗

(3)

In the short run, firms select the level of output that maximizes their profit. The first-order conditions lead
to the following reaction functions:
𝑥 = (𝑐 − 𝑝)⁄𝑝′

(4)

𝑦 = (𝑐 ∗ − 𝑝)⁄𝑝′

(5)

Assumption 3a: The second-order conditions are verified: П𝑥𝑥 = 𝑥𝑝′′ + 2𝑝′ < 0, П∗𝑦𝑦 = 𝑦𝑝′′ +
2𝑝′ < 0. Output’s cross effects on marginal profits are negative: П𝑥𝑦 = 𝑥𝑝′′ + 𝑝′ < 0, П∗𝑦𝑥 = 𝑦𝑝′′ +
𝑝′ < 0. Own effects are greater than cross effects: |П𝑥𝑥 | > |П𝑥𝑦 |, |П∗𝑦𝑦 | > |П∗𝑦𝑥 |.4 Assumption 3a implies
that reaction functions are decreasing in the (𝑥; 𝑦) space and that the Nash equilibrium’s stability
condition is verified: in the (𝑥; 𝑦) space, the slope of the domestic firm’s reaction function is greater in
absolute value than that of the foreign firm.
2 In two appendixes, which may be requested from the authors, we use linear forms for demand function and an iso-elastic
function for R&D success in order to illustrate our different conclusions.
3

A modeling option is that a minimum amount of investment in R&D is needed to achieve a successful
reduction of the cost. Indeed it may be realistic to consider that too small of an effort in R&D is pure waste.
However, this assumption would complicate the modeling by introducing a threshold effect without any major
modification of results. This is why we do not consider this option.
4

We use subscripts to denote partial derivatives.
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Δ = П𝑥𝑥 П∗𝑦𝑦 − П𝑥𝑦 П∗𝑦𝑥 > 0

(6)

We denote 𝜋𝑖 the domestic firm’s profit, fixed and R&D costs excluded, and 𝑥𝑖 , the optimal domestic
firm’s supply when 𝑐 = 𝑐𝑖 , ∀𝑖 = 𝑙, ℎ.
𝜋𝑖 = 𝑥𝑖 𝑝(𝑥𝑖 + 𝑦𝑖 ) − 𝑐𝑖 𝑥𝑖 and 𝑥𝑖 = (𝑐𝑖 − 𝑝)⁄𝑝′ , ∀𝑖 = 𝑙, ℎ
0 and

(7)

Let us demonstrate first that 𝑥𝑙 > 𝑥ℎ and 𝜋𝑙 > 𝜋ℎ . Differentiating the first-order conditions 𝜋𝑥 =
= 0, we find the following:

𝜋𝑦∗

d𝑥
d𝑐
d𝑦
d𝑐
d𝑋
d𝑐

=

П∗𝑦𝑦
Δ

=−

=

<0

П∗𝑦𝑥
Δ

(8)

>0

П∗𝑦𝑦 −П∗𝑦𝑥
Δ

(9)

<0

(10)

Equation (8) implies that 𝑥𝑙 > 𝑥ℎ . When the domestic firm’s marginal cost is low (that is, when
the domestic R&D is successful), 𝑥 is higher, 𝑦 is lower, and the total supply is larger. This implies that
under this scenario, in the home market, consumers’ surplus is larger because consumers’ surplus
decreases with 𝑝 and increases with 𝑋.
We denote 𝜋̂ the domestic firm’s maximum profit such that the domestic firm produces the
optimal level of output 𝑥̂. Such level of profit depends on the domestic firm’s marginal cost: 𝜋̂ = 𝜋̂(𝑐𝑖 ).
Note that we have 𝜋̂(𝑐𝑖 ) = 𝜋[𝑥̂(𝑐𝑖 )] = −𝑥̂(𝑐𝑖 )2 𝑝′ (see the domestic firm’s first-order condition). Then,
the domestic firm’s profit decreases with its marginal cost:
̂ (𝑐𝑖 )
d𝜋
d𝑐𝑖

=

𝜕𝜋[𝑥̂(𝑐𝑖 )]
𝜕𝜋[𝑥̂(𝑐 )] d𝑥̂(𝑐 )
+ 𝜕𝑥̂(𝑐 𝑖) d𝑐 𝑖
𝜕𝑐𝑖
𝑖
𝑖

= −2𝑥̂(𝑐𝑖 )𝑝′

∗
𝜋𝑦𝑦

∆

<0

(11)

Such result implies that the domestic firm’s profit is stronger when its marginal cost is low: 𝑐𝑖 = 𝑐𝑙 . As far
as the foreign firm’s profit is concerned, we find a symmetric result: it is greater when the domestic firm’s
marginal cost is high.
̂ ∗ (𝑐𝑖 )
d𝜋
d𝑐𝑖

=

𝜕𝜋∗ [𝑦̂(𝑐𝑖 )]
𝜕𝜋∗ [𝑦̂(𝑐𝑖 )] d𝑦̂(𝑐𝑖 )
+
𝜕𝑐𝑖
𝜕𝑦̂(𝑐𝑖 )
d𝑐𝑖

= 2𝑦̂(𝑐𝑖 )𝑝′

∗
𝜋𝑦𝑥

∆

>0

(12)

Let us call 𝐸[. ] the expectation operator with respect to 𝑐𝑖 , ∀𝑖 = 𝑙, ℎ. In the long run, the domestic
firm selects the R&D investment that maximizes its expected profit:
max 𝐸[П(𝑟)] = 𝛼(𝑟)𝜋𝑙 + [1 − 𝛼(𝑟)]𝜋ℎ − 𝐹 − 𝑣𝑟
𝑟>0

(13)

The first-order condition of (13) leads to the following:
𝑣

𝛼 ′ (𝑟) = 𝜋 −𝜋
𝑙

ℎ

(14)

Equation (14) means that the domestic firm equalizes the marginal gain of R&D 𝛼 ′ (𝑟)(𝜋𝑙 − 𝜋ℎ ) to the
marginal cost of R&D (𝑣). The second-order condition is verified thanks to Assumption 2.
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d2 𝐸[П(𝑟)]
d𝑟 2

= 𝛼 ′′ (𝑟)(𝜋𝑙 − 𝜋ℎ ) < 0

(15)

A simple interpretation of (14) stems from rewriting this equation as 𝑟 = Φ(𝑣; 𝜋𝑙 − 𝜋ℎ ), with
Φ1 = 𝜕Φ⁄𝜕𝑣 < 0 and Φ2 = 𝜕Φ⁄𝜕(𝜋𝑙 − 𝜋ℎ ) > 0. These signs come directly from downward concavity
of 𝛼(𝑟). So the domestic firm’s R&D depends only on the unit cost of R&D 𝑣 and the marginal benefit of
R&D 𝜋𝑙 − 𝜋ℎ , that is to say, the difference in profits under 𝑐 = 𝑐𝑙 and under 𝑐 = 𝑐ℎ . Moreover, as
expected, this optimal level of R&D decreases with the unit cost of the R&D and increases with the
marginal benefit from R&D.
This simple theoretical structure allows us to study the impact of various policies (at-the-border
and behind-the-border policies) implemented by the domestic government. In section 3, we study the
impact of six policies: three policies implemented at the border (an import duty, a quota on imports, and a
voluntary export restraint, or VER) and three behind-the-border policies (a production subsidy, an R&D
subsidy, and an additional public R&D investment). We evaluate the effects of these policies on each
firm’s output, on total supply, on profits, on market price, on consumers’ surplus, and on public revenues
with a focus on R&D.
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3. THE IMPACT OF SIX POLICY OPTIONS UNDER COURNOT COMPETITION
In this section, we consider six policy instruments. In these scenarios, the foreign government does not
retaliate; indeed, the domestic firm does not export to the foreign country and consequently cannot be hurt
by an import tariff or a quota on imports into the foreign country. Moreover, there is no R&D in the
foreign country, so we cannot consider a foreign R&D subsidy. The only way for the foreign government
to retaliate would be to subsidize its firm’s output. However, we exclude this case: we can consider that
the foreign government’s revenues are too low to implement a subsidy. This assumption fits in well with
the basic idea of the model, which focuses on international trade between a poor country (from the South)
with a production cost (labor) advantage and a rich country where R&D is the only way to react to low
marginal production costs.
A Tariff on Imports under Cournot
Consider that the domestic government implements a specific tariff on imports, denoted 𝑡. The foreign
firm’s profit is modified into
П∗ (𝑥, 𝑦, 𝑡) = 𝑦𝑝(𝑥 + 𝑦) − 𝑐 ∗ 𝑦 − 𝑡𝑦 − 𝐹 ∗.

(16)

The domestic firm’s profit expression is still (2). In the short run, only the foreign firm’s first-order
condition is modified into
𝑦 = (𝑐 ∗ + 𝑡 − 𝑝)⁄𝑝′ .

(17)

Let us study the economic impact of the tariff 𝑡 on outputs, price, and profits. Previously, we studied the
impact of the domestic firm’s marginal cost on each of these variables. Then it is straightforward to
qualify the tariff impact because the effect is the same as the foreign firm’s marginal cost: the domestic
government’s tariff increases (decreases) the domestic (foreign) firm’s output and reduces the total level
of output. It increases the market price. Then, the domestic consumers’ surplus decreases with the tariff.
Furthermore, the domestic (foreign) firm’s profit increases (decreases) with the tariff.
In the long run, the firm selects the R&D investment that maximizes its expected profit. These are
the same conditions as in section 2, except that the equilibrium profits (𝜋𝑙 and 𝜋ℎ ) are modified by the
import tariff.
Proposition 1: In Cournot competition, an import tariff increases the domestic firm’s R&D
investment as compared to free trade if the inverse demand function is linear. Under a convex or concave
demand function, the effect is either positive or negative.
Proof: First note that the impact of an import tariff on the production game between both firms is
equivalent to the impact of the foreign firm’s marginal cost. Noting that 𝜋 does not depend on 𝑡
(𝜕𝜋⁄𝜕𝑡 = 0), let us call 𝑥̂(𝑡) = argmax𝑥>0 𝜋(𝑥, 𝑦, 𝑡) and 𝜋̂(𝑡) = 𝜋[𝑥̂(𝑡)]. 5 We get
̂ (𝑡)
d𝜋
d𝑡

=

𝜕𝜋[𝑥̂(𝑡)] 𝑑𝑥̂(𝑡)
.
𝜕𝑥̂(𝑡)
𝑑𝑡

(18)

Note that 𝜋 = 𝑥(𝑝 − 𝑐). Thanks to (4), we get 𝜋[𝑥̂(𝑡)] = −𝑥̂(𝑡)2 𝑝′. A simple derivation gives
𝜕𝜋[𝑥̂(𝑡)]⁄𝜕𝑥̂ = −2𝑥̂(𝑡)𝑝′ − 𝑥̂(𝑡)2 𝑝′′ = −𝑥̂(𝑡)𝜋𝑥𝑥 > 0. Note also that d𝑥̂(𝑡)⁄d𝑡 = − П𝑥𝑦 ⁄Δ. So we
have d𝜋̂⁄d𝑡 = 𝑥̂(𝑡) Π𝑥𝑥 Π𝑥𝑦 ⁄Δ > 0.
Suppose that the demand function is linear: 𝑝′′ = 0. We obtain d𝜋̂(𝑡)⁄d𝑡 = 2𝑥̂(𝑡)⁄3. So in that
case, the impact of an import tariff is proportional to the optimal domestic firm’s supply 𝑥̂. This supply is
5 In order to simplify our notations, we omit the index 𝑖, referring to the level of marginal cost reached by the domestic firm:
𝑖 = 𝑙, ℎ.
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all the bigger when the domestic firm’s marginal cost is smaller. So in this case, the difference in profit
𝐷𝑃 = (𝜋𝑙 − 𝜋ℎ ) increases with the tariff. So does the optimal level of R&D.
If the demand function is not linear, Π𝑥𝑥 Π𝑥𝑦 ⁄Δ depends on 𝑥 and 𝑦. The first-order effect
remains the impact of the domestic firm’s marginal cost on 𝑥̂, and generally, that is, in almost all the
functional forms studied, the difference in profit 𝐷𝑃 = (𝜋𝑙 − 𝜋ℎ ) increases with the tariff. For illustration
let us adopt two specific nonlinear demand functions.




First consider a concave demand function: 𝑝(𝑋) = 𝑎 − 𝑋 2 , with 𝑝′ = −2𝑋 < 0 and
̂
d2 𝜋

𝑝′′ = −2 < 0. It is easy to prove that d𝑡d𝑐 < 0.
Now consider a convex demand function: 𝑝(𝑋) = 𝑎 − 𝑋 1⁄2 , with 𝑝′ = − 𝑋 −1⁄2⁄2 < 0
and 𝑝′′ = 𝑋 −3⁄2⁄4 > 0. We can also show that

̂
d2 𝜋
d𝑡d𝑐

< 0.

Then, in each case, the positive effect of the tariff on the domestic firm’s profit d𝜋̂⁄d𝑡 is lower when its
marginal cost is high. Hence, (𝜋𝑙 − 𝜋ℎ ) and 𝑟 increase with the tariff 𝑡.
We can summarize the effect of a tariff on imports in this way: it raises the domestic firm’s profit
and generates tariff revenues, but it reduces the foreign firm’s profit and the consumers’ surplus. In
general, the tariff increases R&D investment because a firm with low marginal costs benefits more from a
tariff than a firm with high marginal costs. The tariff increases the marginal gain of R&D (𝜋𝑙 − 𝜋ℎ ),
while the cost of R&D 𝑣 remains constant.
A Production Subsidy under Cournot
Let us study the economic impact of the production subsidy 𝑠 on outputs, price, and profits. Note that a
production subsidy has the same impact as a decrease in the domestic marginal cost. It is straightforward
to show that the domestic government’s production subsidy increases (decreases) the domestic (foreign)
firm’s output and increases the total level of output. It reduces the market price. Then, the domestic
consumers’ surplus increases with the production subsidy. Furthermore, the domestic (foreign) firm’s
profit increases (decreases) with the production subsidy. Domestic public revenues decrease.
Proposition 2: Under Cournot competition, the domestic government’s production subsidy 𝑠
either increases or decreases the domestic firm’s R&D investment. It increases the domestic firm’s R&D
investment under a linear inverse demand function. Under many specific nonlinear demand functional
forms considered here, the effect is an increase in domestic R&D.
Proof: Because of the impact of the domestic firm’s marginal cost on its profit, we have
∗
𝜋𝑦𝑦
d𝜋̂(𝑐, 𝑠)
= 2𝑥̂(𝑐, 𝑠)𝑝′
> 0.
d𝑠
∆

Let us study the effect of the domestic firm’s marginal cost on the previous expression. Under a linear
inverse demand function, 𝑝′ is constant. In that case, the only term that depends on the marginal cost is
𝑥̂(𝑐, 𝑠). In section 2, we proved that d𝑥⁄d𝑐 is negative. Then, the positive effect of the subsidy on profit 𝜋
is greater when the domestic firm’s marginal cost is low, 𝑐 = 𝑐𝑙 . The difference in profit increases with
the subsidy, which means that the domestic firm’s R&D increases with 𝑠.
Unfortunately, as with the tariff on imports, under a nonlinear demand function it is more
∗ ⁄
complicated to find a general result because in this case 𝑝′ and 𝜋𝑦𝑦
∆ depend on the domestic firm’s
marginal cost. Let us use the same specific concave and convex demand functions as with the tariff. In the
two cases, we find that the positive effect of 𝑠 on 𝜋 is stronger when the marginal cost is low.6 Then, the
domestic firm’s R&D investment increases with the production subsidy as compared to free trade.
Thus, a production subsidy increases the domestic firm’s profit and domestic consumers’ surplus
but reduces the foreign firm’s profit. It also reduces the domestic government’s public revenues. Finally,
6 Calculations

may be requested from the authors.
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the production subsidy is likely to increase R&D because it is likely that it has a greater positive effect on
the domestic firm’s maximum profit when its marginal cost is low, 𝑐 = 𝑐𝑙 ; thus, the subsidy increases the
marginal gain of R&D (𝜋𝑙 − 𝜋ℎ ), while the cost 𝑣 remains constant.
An R&D Subsidy under Cournot
The domestic government can also decide to subsidize R&D instead of production. We denote the R&D
subsidy as 𝜎. The domestic firm’s profit is
Π(𝑥, 𝑦, 𝜎) = 𝑥𝑝(𝑥 + 𝑦) − 𝑐𝑥 − 𝐹 − (𝑣 − 𝜎)𝑟.

(19)

The foreign firm’s profit expression remains (3). In the short run, the first- and second-order conditions
remain the same as those under free trade. Moreover, we have Π𝑥𝜎 = 0, which leads to d𝑥⁄d𝜎 = 0.
Therefore, in the short run, the R&D subsidy does not modify outputs, price, or profits.
In the long run, the domestic firm’s expected profit is
𝐸[П(𝑟)] = 𝛼(𝑟)𝜋𝑙 + [1 − 𝛼(𝑟)]𝜋ℎ − 𝐹 − (𝑣 − 𝜎)𝑟.
The first-order condition leads to
𝛼 ′ (𝑟) =

𝑣−𝜎
.
𝜋𝑙 −𝜋ℎ

(20)

(21)

The second-order condition does not change.
Proposition 3: In Cournot competition, an R&D subsidy implemented by the domestic
government increases the domestic firm’s R&D investment compared to the situation without subsidy.
Proof: According to (21), 𝛼 ′ (𝑟) decreases in 𝜎. Therefore, Assumption 2 implies that the subsidy
𝜎 increases R&D: d𝑟⁄d𝜎 > 0.
With a positive R&D subsidy, the likelihood of having low marginal costs increases. In that case,
it is more likely that the domestic firm’s profit is greater and that the market price is lower with an R&D
subsidy. Therefore, the subsidy increases the domestic firm’s expected profit and consumers’ surplus.
However, it decreases the domestic government’s public revenues.
An Additional Public Investment in R&D under Cournot
It can be argued that the previous policy instrument is unrealistic. The modeling of R&D is here based on
a distinction between R&D in volume (r) and price of R&D (v), which may be difficult to identify in
reality. Consequently, it is likely that a public intervention aimed at directly increasing R&D would take
another form. We suppose now that the domestic government’s intervention consists of an additional
public investment in volume 𝑟̅ .
Proposition 4: In Cournot competition, a government’s intervention in the form of an additional
public R&D investment 𝑟̅ in volume decreases the domestic firm’s R&D investment compared to the
situation without subsidy, increases the domestic firm’s profit, and decreases public revenue. Total R&D
(public and private) is unchanged. Consumers’ surplus and the foreign firm’s profit are unchanged.
This additional public R&D investment 𝑟̅ in volume does not change the levels of the domestic
firm’s profit under both states of nature (R&D success and failure) compared to free trade. However, it
changes the first-order condition for the domestic firm when it determines its optimal level of R&D r.
This condition becomes r such that 𝛼 ′ (𝑟̅ + 𝑟) = 𝑣 ⁄(𝜋𝑙 − 𝜋ℎ ). Because the right member of this
equation is unchanged, and 𝛼 ′ is decreasing, the additional public R&D investment 𝑟̅ in volume decreases
the private investment 𝑟 by the same amount. Total R&D (private and public) is unchanged, and the
probability of both states of nature is unchanged. The domestic firm’s profit is augmented because the
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cost of its R&D is less. It is a pure transfer from the government to the private firm. Consequently,
consumers’ surplus and the foreign firm’s profit are unchanged.
A Quota on Imports under Cournot
Suppose that the domestic government implements a quota on imports. We assume that the quota does not
generate public revenues because import licenses are free; we do so because an introduction of quota
revenues under imperfect competition is an extremely complex issue. For Matschke (2003, 212),
“modeling the quota revenue is somewhat arbitrary” in a duopolistic context under Cournot competition.
Many academic articles proceed along the same assumption.7
We suppose that the quota is binding and denote the quota level (that is, the foreign firm’s
maximum exports) as 𝑞. Profit expressions are now as follows:
Π(𝑥, 𝑞) = 𝑥𝑝(𝑥 + 𝑞) − 𝑐𝑥 − 𝐹 − 𝑣. 𝑟

(22)

Π ∗ (𝑥, 𝑞) = 𝑞𝑝(𝑥 + 𝑞) − 𝑐𝑙 𝑞 − 𝐹 ∗

(23)

In the short run, only the domestic firm can maximize its profit. As the quota is binding, the first-order
condition (5) does not hold. The domestic firm’s first-order condition remains (4).
We consider two cases for the quota level. The first case corresponds to an interval between the
foreign firm’s exports when the domestic firm’s marginal cost of output is low (𝑐 = 𝑐𝑙 ) and the foreign
firm’s exports when the domestic firm’s marginal cost is high (𝑐 = 𝑐ℎ ): 𝑦𝑙 ≤ 𝑞 < 𝑦ℎ , where 𝑦𝑖 =
(𝑐 ∗ − 𝑝)⁄𝑝′ under 𝑐 = 𝑐𝑖 , and ∀𝑖 = 𝑙, ℎ is the foreign firm’s exports under free trade.
The second case corresponds to a very binding quota that is inferior or equal to the foreign firm’s
exports when the domestic firm’s marginal cost is low (𝑐 = 𝑐𝑙 ): 𝑞 < 𝑦𝑙 . Note that if 𝑞 ≥ 𝑦ℎ , the quota is
never binding and has no impact.
First case: 𝒚𝒍 < 𝒒 ≤ 𝒚𝒉 . If the domestic firm has a low marginal cost 𝑐𝑙 , the quota is greater than
the foreign firm’s optimal response. The domestic firm’s profit does not change. However, if the domestic
firm has a high marginal cost 𝑐ℎ , the quota is binding and the foreign firm must export less than the Nash
𝑞
equilibrium level. The domestic firm’s profit is increased because 𝜋𝑦 = 𝑥𝑝′ < 0. Denoting 𝜋𝑖 the
domestic firm’s profit without the fixed and R&D costs when its marginal cost is 𝑐𝑖 and when the
𝑞
𝑞
domestic government implements the quota 𝑞, we have 𝜋𝑙 = 𝜋𝑙 and 𝜋ℎ > 𝜋ℎ . As far as the foreign firm
is concerned, its profit does not change (decreases) if the domestic firm’s marginal cost is low (high).
Second case: 𝒒 ≤ 𝒚𝒍 . The quota is binding whether the R&D investment succeeds or fails; it
𝑞
𝑞
increases the domestic firm’s profit in all states of nature: 𝜋𝑙 > 𝜋𝑙 and 𝜋ℎ > 𝜋ℎ . The foreign firm’s profit
always decreases.
In the long run, the domestic firm chooses R&D investment that maximizes its expected profit.
This leads to
𝑣
𝛼 ′ (𝑟 𝑞 ) = 𝑞 𝑞 .
(24)
𝜋𝑙 −𝜋ℎ

Proposition 5: In Cournot competition, a relatively unrestrictive quota (𝑦𝑙 ≤ 𝑞 < 𝑦ℎ ) always
reduces the domestic firm’s R&D investment with respect to free trade. With a linear or concave demand
function, a relatively restrictive quota (𝑞 < 𝑦𝑙 ) increases R&D compared to free trade. With a convex
demand function, a relatively restrictive quota (𝑞 < 𝑦𝑙 ) can either increase or decrease R&D as compared
to free trade.
Proof: We again consider two cases.
Consider the first case (𝑦𝑙 < 𝑞 ≤ 𝑦ℎ ). The quota increases the domestic firm’s profit only when
𝑞
𝑞
its marginal cost is high, such that the profit differential decreases: 𝜋𝑙 − 𝜋ℎ < 𝜋𝑙 − 𝜋ℎ . Therefore, a
7

See, for example, Bouët and Cassagnard (2013).
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relatively unrestrictive quota decreases the domestic firm’s R&D. The lower the quota (as long as it is still
greater than 𝑦𝑙 ), the lower the R&D.
Consider the second case. The domestic firm’s profit increases under the quota regardless of its
marginal cost. Let us suppose a linear example. Units are chosen such that the inverse demand function is
𝑝(𝑋) = 𝑎 − 𝑋, with 𝑎 > 0. If a prohibitive quota (𝑞 = 0) is implemented, the domestic firm is under
monopoly. Its optimal supply equals (𝑎 − 𝑐𝑖 )⁄2, which leads to a profit without the fixed and R&D costs
𝑞=0
included: 𝜋𝑖
= (𝑎 − 𝑐𝑖 )2 ⁄4. Under a zero quota, the difference in profits is 𝐷𝑃𝑞=0 =
(𝑐ℎ − 𝑐𝑙 )(2𝑎 − 𝑐ℎ − 𝑐𝑙 )⁄4. It is greater than the difference in profits under free trade: 𝐷𝑃𝑞=0 > 𝐷𝑃 ⇔
(1⁄2)(𝑐ℎ − 𝑐𝑙 )[𝑎 − (𝑐ℎ + 𝑐𝑙 )⁄2] > (4⁄9)(𝑐ℎ − 𝑐𝑙 )(𝑎 − 𝑐ℎ ), which is always verified.
This result holds for a nonlinear demand function if the demand function is concave or not too
convex. Let us denote 𝜋̂ as the domestic firm’s maximum profit for a certain quota 𝑞.
Note: 𝑥̂(𝑞, 𝑐𝑖 ) = argmax𝑥>0 𝜋(𝑥, 𝑞, 𝑐𝑖 ). The foreign firm’s first-order constraint disappears
because the quota is binding. We have 𝜋̂(𝑞, 𝑐𝑖 ) = 𝜋[𝑥̂(𝑞, 𝑐𝑖 ), 𝑞, 𝑐𝑖 ].
The Envelope Theorem implies d𝜋̂(𝑞, 𝑐𝑖 )⁄d𝑞 = 𝜕𝜋(𝑥, 𝑞, 𝑐𝑖 )⁄𝜕𝑞 = 𝑥̂(𝑞, 𝑐𝑖 )𝑝′ < 0. The domestic
firm’s maximum profit increases when the quota becomes more restrictive. With a linear (𝑝′ constant) or
a concave (𝑝′′ < 0) demand function, the absolute value of 𝑥̂(𝑞, 𝑐𝑖 )𝑝′ is greater when the domestic firm’s
marginal cost is low; if the quota becomes more and more restrictive starting from 𝑞 = 𝑦𝑙 , the difference
in profit 𝐷𝑃𝑞 increases. This is a necessary but not sufficient condition to have more difference in profit
under a quota than under free trade.
If the demand function is convex (𝑝′′ > 0), 𝑥̂(𝑞, 𝑐𝑖 )𝑝′ may be smaller or greater when the
domestic firm’s marginal cost is low, depending on the convexity of the demand function (let us note that
in most cases it is greater because the effect through 𝑥̂(𝑞, 𝑐𝑖 ) is a first-order effect). With a convex
demand function, we find some examples in which a binding quota increases R&D.8 We find other
examples in which the effect is negative.9
The effect of a quota on R&D investment is ambiguous. A not very restrictive quota (𝑦𝑙 ≤ 𝑞 <
𝑦ℎ ) decreases R&D; however, with a relatively restrictive quota, in general, R&D is augmented compared
to free trade.
A VER under Cournot
Quantitative restrictions can also take the form of a voluntary export restraint (VER). Because this policy
is “voluntary,” it must be implemented by the foreign firm (or the foreign country, if we consider that
both have the same interest) and it must increase the foreign firm’s expected profit. According to Bouët
(2001), in the same theoretical structure, a VER has a strategic interest. The foreign firm implements a
VER, denoted 𝑞 (which corresponds to the maximum exports that the foreign firm can realize), such that
𝑦𝑙 ≤ 𝑞 < 𝑦ℎ . Therefore, a VER decreases the domestic firm’s R&D investment because it only increases
the firm’s profit if the domestic marginal cost is high; it decreases the marginal gain of an R&D
investment (see previous subsection). Bouët shows that a VER can increase the foreign firm’s expected
profit because the likelihood of a domestic firm’s R&D success is lower. So a VER must be such that
𝑦𝑙 ≤ 𝑞 < 𝑦ℎ . If not, the foreign profit is lower regardless of the state of the R&D investment.
Proposition 6: Under Cournot competition, a VER reduces the domestic firm’s R&D investment
with respect to free trade.
the following demand function: 𝑝(𝑋) = 𝑎 − 𝑋 𝑏 , with 0 < 𝑏 < 1 (a convex demand function). We set 𝑐𝑙 = 3,
𝑐ℎ = 6, 𝑎 = 100, 𝑏 = 0.75. Under free trade, we get 𝑥𝑙 = 𝑦𝑙 = 145.75, 𝑥ℎ = 134.53, 𝑦ℎ = 150.97. The difference in profits is
𝐷𝑃 = 553.6. With a quota 𝑞 = 𝑦𝑙 = 145.75, the difference in profits is 𝐷𝑃 𝑞 = 424.06, which is less than that of free trade. But
with a quota 𝑞 = 50, the profit differential equals 𝐷𝑃 𝑞 = 555.37, which means that R&D is increased compared to free trade.
With a prohibitive quota 𝑞 = 0, the profit differential equals 𝐷𝑃 𝑞 = 620.99. We did not find any value of 𝑏 that modifies this
result.
9 Consider the following demand function: 𝑝(𝑋) = 𝑎 ⁄𝑋 𝑏 , with 0 < 𝑏 < 1. With 𝑏 ≥ 0.7 and the same values as in the
previous footnote, the difference in profits is always lower with a quota than under free trade: a binding quota always reduces the
domestic firm’s R&D investment under this example.
8 Consider
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4. BERTRAND COMPETITION
We now introduce price competition. To avoid a Bertrand paradox, we assume that goods are slightly
differentiated.
Assumption 1b: The firms supply slightly differentiated goods. Competition is of the Bertrand
type. Each firm’s output depends on both firms’ prices. Denoting 𝑝 (respectively, 𝑝∗ ) as the domestic
(respectively, foreign) firm’s price, 𝑥 = 𝑥(𝑝, 𝑝∗ ), 𝑦 = 𝑦(𝑝, 𝑝∗ ), 𝑋 = 𝑋(𝑝, 𝑝∗ ) = 𝑥(𝑝, 𝑝∗ ) + 𝑦(𝑝, 𝑝∗ ). The
domestic (respectively, foreign) firm’s output decreases (respectively, increases) in the domestic price and
increases (respectively, decreases) in the foreign price: 𝑥𝑝 = 𝜕𝑥 ⁄𝜕𝑝 < 0, 𝑥𝑝∗ = 𝜕𝑥 ⁄𝜕𝑝∗ > 0, 𝑦𝑝 =
𝜕𝑦⁄𝜕𝑝 > 0, 𝑦𝑝∗ = 𝜕𝑦⁄𝜕𝑝∗ < 0. Own effects are greater than cross effects: |𝑥𝑝 | > |𝑥𝑝∗ |, |𝑦𝑝 | < |𝑦𝑝∗ |.
The profit expressions are as follows:
П(𝑝, 𝑝∗ ) = 𝑝𝑥(𝑝, 𝑝∗ ) − 𝑐𝑥(𝑝, 𝑝∗ ) − 𝐹 − 𝑣𝑟

(25)

П∗ (𝑝, 𝑝∗ ) = 𝑝∗ 𝑦(𝑝, 𝑝∗ ) − 𝑐𝑙 𝑦(𝑝, 𝑝∗ ) − 𝐹 ∗

(26)

In the short run, each firm chooses the price that maximizes its profit. The first-order conditions
lead to the following reaction functions:
p = c − x⁄xp

(27)

𝑝∗ = 𝑐 ∗ − 𝑦⁄𝑦𝑝∗

(28)

Assumption 3b: Second-order conditions are verified: Π𝑝𝑝 = 𝑥𝑝𝑝 (𝑝 − 𝑐) + 2𝑥𝑝 < 0, Π𝑝∗ ∗ 𝑝∗ =
𝑦𝑝∗ 𝑝∗ (𝑝∗ − 𝑐 ∗ ) + 2𝑦𝑝∗ < 0. The domestic (foreign) firm’s marginal profits increase with the foreign
(domestic) firm’s price: Π𝑝𝑝∗ = 𝑥𝑝𝑝∗ (𝑝 − 𝑐) + 𝑥𝑝∗ > 0, Π𝑝∗ ∗ 𝑝 = 𝑦𝑝∗ 𝑝 (𝑝∗ − 𝑐𝑙 ) + 𝑦𝑝 < 0. Own effects
are greater than cross effects: |Π𝑝𝑝 | > |Π𝑝𝑝∗ |, |Π𝑝∗ ∗ 𝑝∗ | > |Π𝑝∗ ∗ 𝑝 |.
This implies the stability condition of the Nash equilibrium:
Γ = П𝑝𝑝 П∗𝑝∗ 𝑝∗ − П𝑝𝑝∗ П∗𝑝∗ 𝑝 > 0

(29)

The success or failure of the R&D investment implies two different levels of price and profit:
𝜋𝑖 = 𝑝𝑖 𝑥(𝑝𝑖 , 𝑝𝑖∗ ) − 𝑐𝑖 𝑥(𝑝𝑖 , 𝑝𝑖∗ ) with 𝑝𝑖 = 𝑐𝑖 − 𝑥 ⁄𝑥𝑝 , ∀𝑖 = 𝑙, ℎ

(30)

The domestic firm’s maximum profit is expressed as 𝜋̂(𝑐𝑖 ) = 𝜋[𝑝̂ (𝑐𝑖 )] = −𝑥𝑝 [𝑝̂ (𝑐𝑖 ) − 𝑐𝑖 ]2 . Deriving this
expression leads to
̂ (𝑐𝑖 )
d𝜋
d𝑐𝑖

=

𝜕𝜋[𝑝̂(𝑐𝑖 )]
𝜕𝜋[𝑝̂(𝑐 )] d𝑝̂(𝑐𝑖 )
+ ̂(𝑐 𝑖)
𝜕𝑐𝑖
𝜕𝑝 𝑖
d𝑐𝑖

= 𝑥𝑝 [𝑝̂ (𝑐𝑖 ) − 𝑐𝑖 ] (1 −

∗
𝜋𝑝𝑝∗ 𝜋𝑝
∗𝑝

Γ

).

(31)

The sign of the previous expression is either positive or negative because the sign of
(1 − 𝜋𝑝𝑝∗ 𝜋𝑝∗ ∗ 𝑝 ⁄Γ) is unknown. However, we make the assumption that d𝜋̂(𝑐𝑖 )⁄d𝑐𝑖 < 0. Otherwise, it is
not worth investing in cost-reducing R&D for the domestic firm. We also have
̂ ∗ (𝑐𝑖 )
d𝜋
d𝑐𝑖

=

𝜕𝜋∗ [𝑝̂∗ (𝑐𝑖 )]
𝜕𝜋∗ [𝑝̂∗ (𝑐 )] d𝑝̂∗ (𝑐 )
+ 𝜕𝑝̂∗ (𝑐 )𝑖 d𝑐 𝑖
𝜕𝑐𝑖
𝑖
𝑖

= 𝑥𝑝 [𝑝̂ ∗ (𝑐𝑖 ) − 𝑐 ∗ ]

∗
∗
𝜋𝑝
∗ 𝑝∗ 𝜋𝑝∗ 𝑝

Γ

The foreign firm’s profit is increasing with the domestic firm’s marginal cost 𝑐𝑖 .
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> 0.

(32)

Differentiating the first-order conditions and setting again 𝑐 = 𝑐𝑖 , we obtain the following:
d𝑝
d𝑐
d𝑝∗
d𝑐
d𝑥
d𝑐

= 𝑥𝑝

d𝑦
d𝑐

d𝑝
d𝑐

+ 𝑥𝑝 ∗

d𝑝

=

Γ

=−
d𝑝∗
d𝑐

= 𝑦𝑝 d𝑐 + 𝑦𝑝∗
d𝑋
d𝑐

∗
𝑥𝑝 𝜋𝑝
∗ 𝑝∗

= (𝑥𝑝 + 𝑦𝑝 )

∗
𝑥𝑝 𝜋𝑝
∗𝑝

Γ

=

d𝑝∗
d𝑐

>0

(33)

>0

(34)

∗
∗
𝑥𝑝 (𝑥𝑝 𝜋𝑝
∗ 𝑝∗ −𝑥𝑝∗ 𝜋𝑝∗ 𝑝 )

=

Γ

<0

∗
∗
𝑥𝑝 .(𝑦𝑝 .𝜋𝑝
∗ 𝑝∗ −𝑦𝑝∗ .𝜋𝑝∗ 𝑝 )

d𝑝
+
d𝑐

Γ

(𝑥𝑝∗ + 𝑦𝑝∗ )

d𝑝∗
d𝑐

(35)
(36)
(37)

An increase in the domestic firm’s marginal cost of output increases each firm’s price. The effect
on the domestic firm’s output is negative. We cannot draw a conclusion about the sign of d𝑦⁄d𝑐 and
d𝑋⁄d𝑐. However, considering a symmetry in the effects of a variation in a firm’s price on the other firm’s
output (𝑥𝑝 = 𝑦𝑝∗ and 𝑥𝑝∗ = 𝑦𝑝 ), then d𝑋⁄d𝑐 < 0; in that case, a decrease in the marginal cost increases
the consumers’ surplus.
In the long run, the domestic firm’s expected profit remains (12) and the first-order condition
leads to (13) again. The second-order condition is verified again.
The impact of an R&D subsidy or an additional public R&D investment in volume is the same as
that seen under Cournot competition. We introduce only a tariff on imports, a production subsidy, and a
minimum price; introducing quantitative restrictions in Bertrand competition is a very complex issue (see
Krishna 1989). Moreover, it implies a mixed strategy equilibrium. Therefore, in place of quantitative
restrictions, we introduce minimum price commitments.
A Tariff on Imports under Bertrand
The domestic firm’s profit expression remains (25). For the foreign firm, we have
П∗ (𝑝, 𝑝∗ , 𝑡) = 𝑝∗ 𝑦(𝑝, 𝑝∗ ) − 𝑐 ∗ 𝑦(𝑝, 𝑝∗ ) − 𝑡𝑦(𝑝, 𝑝∗ ) − 𝐹 ∗ .

(38)

The foreign firm’s first-order condition changes:
𝑝∗ = 𝑐 ∗ + 𝑡 − 𝑦⁄𝑦𝑝∗

(39)

Let us study the economic impact of a change in the tariff under Bertrand competition. As under Cournot
competition, this is similar to the effect of change in 𝑐. An increase in the tariff increases each price. The
effect on the domestic (foreign) firm’s output and profit is uncertain (negative).
In the long run, the domestic firm chooses the R&D investment that maximizes its expected profit. The
first-order conditions remains (14), with new definitions for 𝜋𝑙 and 𝜋ℎ .
Proposition 7: Under Bertrand competition, a tariff on imports increases R&D investment if the
inverse demand functions are linear. Under convex or concave demand functions, the effect is either
positive or negative.
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Proof: Note that the impact of a change in the tariff on the domestic firm’s profit equals the
impact of a change in the foreign firm’s marginal cost. According to Equation (32), we have
𝑦𝑝∗ 𝜋𝑝𝑝 𝜋𝑝𝑝∗
d𝜋̂(𝑡)
= [𝑝̂ (𝑡) − 𝑐]
> 0.
d𝑡
Γ
With linear demand functions, 𝑥𝑝𝑝 = 0. So d𝜋̂(𝑡)⁄d𝑡 = 2𝑥𝑝 [𝑝̂ (𝑡) − 𝑐] 𝑦𝑝∗ 𝜋𝑝𝑝∗ ⁄Γ. We know that in this
case 𝑥𝑝 , П𝑝𝑝∗ , 𝑦𝑝∗ , and Γ are constant, and that (𝑝 − 𝑐) decreases in 𝑐 since d𝑝⁄d𝑐 < 1.10 Therefore,
d𝜋̂(𝑡)⁄d𝑡 is larger when 𝑐 = 𝑐𝑙 .
If the demand function is not linear, 𝑦𝑝∗ П𝑝𝑝∗ ⁄Γ depends on 𝑝 and 𝑝∗ . The first-order effect
remains the impact on [𝑝̂ (𝑡) − 𝑐], and generally the difference in profit 𝐷𝑃 = (𝜋𝑙 − 𝜋ℎ ) increases with
the tariff. We studied the case of various demand functional forms, either concave or convex, but we did
not identify a case in which (𝜋𝑙 − 𝜋ℎ ) and 𝑟 decrease with the tariff 𝑡. Let us illustrate with two
examples.
 First, consider the following concave demand functions: 𝑥(𝑝, 𝑝∗ ) = (𝑎 − 𝑝 + 𝑏𝑝∗ )1⁄2
̂
d2 𝜋



and 𝑦(𝑝, 𝑝∗ ) = (𝑎 + 𝑏𝑝 − 𝑝∗ )1⁄2, with 0 < 𝑏 < 1. It is easy to prove that d𝑡d𝑐 < 0.
Second, consider the following convex demand functions: 𝑥(𝑝, 𝑝∗ ) = (𝑎 − 𝑝 + 𝑏𝑝∗ )2
̂
d2 𝜋

and 𝑦(𝑝, 𝑝∗ ) = (𝑎 + 𝑏𝑝 − 𝑝∗ )2 , with 0 < 𝑏 < 1. It is easy to prove that d𝑡d𝑐 < 0.

This is why we conclude that, in general, the tariff increases the domestic firm’s R&D investment.
A Production Subsidy under Bertrand
We next introduce a production subsidy implemented by the domestic government. The domestic firm’s
profit expression is
П(𝑝, 𝑝∗ , 𝑠) = 𝑥(𝑝, 𝑝∗ )𝑝 − 𝑐𝑥(𝑝, 𝑝∗ ) + 𝑠𝑥(𝑝, 𝑝∗ ) − 𝐹 − 𝑣𝑟.

(40)

Let us study the economic impact of the production subsidy under Bertrand competition. The
production subsidy corresponds to a decrease in the domestic firm’s marginal cost. Then, each firm’s
optimal price decreases with the production subsidy. The total level of output increases with the
production subsidy when considering a symmetry in the effects (𝑥𝑝 = 𝑦𝑝∗ and 𝑥𝑝∗ = 𝑦𝑝 ). The consumers’
surplus increases with the production subsidy. The domestic (foreign) firm’s output and profit increase
(decrease) with the production subsidy. Domestic public revenues decrease as compared to free trade.
Proposition 8: Under Bertrand competition, the domestic firm’s R&D increases or decreases
with the production subsidy as compared to free trade. The effect is always positive under linear demand
functions. We used various specific concave and convex demand functional forms to obtain a positive
impact of production subsidy on domestic R&D:
∗

𝜋𝑝𝑝∗ 𝜋𝑝∗ 𝑝
d𝜋̂(𝑐𝑖 , 𝑠)
= −𝑥𝑝 [𝑝̂ (𝑐) − 𝑐] (1 −
)>0
d𝑠
Γ

to (47), we have d𝑝⁄d𝑐 = 𝑥𝑝 [𝑦𝑝∗𝑝∗ (𝑝∗ − 𝑐 ∗ ) + 2𝑦𝑝∗ ]⁄Γ > 0. Developing Γ, we find
Γ = 𝑥𝑝 [𝑦𝑝∗𝑝∗ (𝑝∗ − 𝑐 ∗ ) + 2𝑦𝑝∗ ] + [𝑥𝑝𝑝 (𝑝 − 𝑐) + 𝑥𝑝 ][𝑦𝑝∗𝑝∗ (𝑝∗ − 𝑐 ∗ ) + 2𝑦𝑝∗ ] − [𝑥𝑝𝑝∗ (𝑝 − 𝑐) + 𝑥𝑝 ][𝑦𝑝∗𝑝 (𝑝∗ − 𝑐 ∗ ) + 𝑦𝑝 ] >
0. However, under linear or concave demand functions, we know that [𝑥𝑝𝑝 (𝑝 − 𝑐) + 𝑥𝑝 ][𝑦𝑝∗𝑝∗ (𝑝∗ − 𝑐 ∗ ) + 2𝑦𝑝∗ ] >
[𝑥𝑝𝑝∗ (𝑝 − 𝑐) + 𝑥𝑝 ][𝑦𝑝∗𝑝 (𝑝∗ − 𝑐 ∗ ) + 𝑦𝑝 ], which leads to d𝑝⁄d𝑐 < 1. But under convex demand functions, we cannot prove that
|𝑥𝑝𝑝 (𝑝 − 𝑐) + 𝑥𝑝 | > [𝑥𝑝𝑝∗ (𝑝 − 𝑐) + 𝑥𝑝 ].
10 According
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Under linear demand functions, we know that [𝑝̂ (𝑐𝑖 ) − 𝑐𝑖 ] decreases with 𝑐𝑖 . Other terms do not
depend on the domestic firm’s marginal cost. Then, the positive effect of the subsidy on the firm’s profit
is greater when the marginal cost is low. The production subsidy increases the difference in profit and the
domestic firm’s R&D investment.
However, as under Cournot competition, it is complex to derive general results from nonlinear
demand functions. We use the same specific concave and convex demand functions as in the previous
subsection. In both cases, we find that the positive effect of the production subsidy on the firm’s profit is
stronger when the marginal cost is low.11 We conclude that a production subsidy is likely to increase the
domestic firm’s R&D.
A Minimum Price under Bertrand
We now introduce a minimum price, denoted by 𝑝∗ , implemented by the domestic government. The
foreign firm cannot sell its goods at a price below 𝑝∗ . We suppose that this is a binding constraint for the
foreign firm such that profits become as follows:
П (𝑝, 𝑝∗ ) = 𝑝𝑥 (𝑝, 𝑝∗ ) − 𝑐𝑥 (𝑝, 𝑝∗ ) − 𝑣𝑟 − 𝐹

(41)

П∗ (𝑝, 𝑝∗ ) = 𝑝∗ 𝑦 (𝑝, 𝑝∗ ) − 𝑐 ∗ 𝑦 (𝑝, 𝑝∗ ) − 𝐹 ∗

(42)

In the short run, only the domestic firm chooses the price that maximizes its profit. We consider
two intervals for the minimum price. We denote 𝑝𝑖∗ as the foreign firm’s equilibrium price under free
trade when the domestic firm’s marginal cost is 𝑐𝑖 , ∀𝑖 = 𝑙, ℎ. According to (32), we have 𝑝𝑙∗ < 𝑝ℎ∗ . If the
domestic government implements a minimum price such that 𝑝∗ ≤ 𝑝𝑙∗ , it has no effect on the equilibrium
between both firms, so we consider only 𝑝∗ > 𝑝𝑙∗ . Therefore, we consider two cases: 𝑝𝑙∗ < 𝑝∗ ≤ 𝑝ℎ∗ and
𝑝∗ > 𝑝ℎ∗ .
First case: 𝒑∗𝒍 ≤ 𝒑∗ < 𝒑∗𝒉 . If the domestic firm’s marginal cost is high, its profit remains the
same as under free trade because the foreign firm does not sell below 𝑝ℎ∗ . However, if this marginal cost is
low, the minimum price increases the domestic firm’s profit because domestic profit is increasing with the
𝑝∗

foreign price: 𝜋𝑝∗ = 𝑥𝑝∗ (𝑝 − 𝑐) > 0. Denoting 𝜋𝑖 as the domestic firm’s profit with the minimum price
𝑝∗

𝑝∗

𝑝∗ and when its marginal cost is 𝑐𝑖 , we have 𝜋𝑙 > 𝜋𝑙 and 𝜋ℎ = 𝜋ℎ .
Second case: 𝒑∗ ≥ 𝒑∗𝒉 . The minimum price increases the domestic firm’s profit regardless of its
𝑝∗

𝑝∗

marginal cost of output: 𝜋𝑙 > 𝜋𝑙 and 𝜋ℎ > 𝜋ℎ .
In the long run, the domestic firm chooses the R&D investment that maximizes its expected
profit. The first-order condition implies
𝛼 ′ (𝑟 𝑝 ) =

11 Under

𝑣

𝑝∗
𝑝∗
𝜋𝑙 −𝜋ℎ

.

(43)

the specific concave demand functions 𝑥(𝑝, 𝑝∗ ) = (𝑎 − 𝑝 + 𝑏𝑝∗ )1⁄2 and 𝑦(𝑝, 𝑝∗ ) = (𝑎 + 𝑏𝑝 − 𝑝∗ )1⁄2 , with 0 <

𝑏 < 1, we find

d2 𝜋
̂

d𝑠d𝑐

=−

3
2(53⁄2 )(𝑎−𝑐+𝑏𝑐𝑙 +𝑠)

< 0. Under the specific convex demand functions 𝑥(𝑝, 𝑝∗ ) = (𝑎 − 𝑝 + 𝑏𝑝∗ )2 and

𝑦(𝑝, 𝑝∗ ) = (𝑎 + 𝑏𝑝 − 𝑝∗ )2 , with 0 < 𝑏 < 1, we find

d2 𝜋
̂
d𝑠d𝑐

=−

3(𝑎−𝑐+𝑏𝑐𝑙 +𝑠)
8
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< 0.

Proposition 9: Under Bertrand competition, when 𝑝𝑙∗ < 𝑝∗ ≤ 𝑝ℎ∗ , the minimum price increases
R&D investment as compared to free trade. When 𝑝∗ > 𝑝ℎ∗ , in general, R&D investment increases as
compared to free trade. The effect is positive with linear or concave demand functions but is positive or
negative with convex demand functions.
𝑝∗

𝑝∗

Proof: We consider the first case. Previously, we showed that 𝜋𝑙 > 𝜋𝑙 and 𝜋ℎ = 𝜋ℎ . The profit
∗

𝑝∗

𝑝∗

differential is greater with the minimum price than under free trade: 𝐷𝑃𝑝 = 𝜋𝑙 − 𝜋ℎ > 𝐷𝑃 = 𝜋𝑙 − 𝜋ℎ .
R&D investment increases the profit differential.
Now consider the second case. The minimum price increases the domestic firm’s profit regardless
𝑝
𝑝
of its marginal cost: 𝜋𝑙 > 𝜋𝑙 and 𝜋ℎ > 𝜋ℎ . 𝜋̂ (𝑝∗ , 𝑐) is the domestic firm’s maximum profit, such that the
following program is solved: max 𝜋 (𝑝, 𝑝∗ , 𝑐). There is no constraint due to the minimum price. The
𝑝>0

Envelope Theorem implies
̂ (𝑝∗ ,𝑐)
d𝜋
d𝑝∗

=

𝜕𝜋[𝑝,𝑝∗ ,𝑐]
𝜕𝑝∗

= 𝑥𝑝∗ (𝑝̂ − 𝑐) > 0.

(44)

1. Searching for the effect of the domestic firm’s marginal cost on this expression, we
conclude the following:
2. Under linear demand functions, 𝑥𝑝∗ is constant and does not depend on the domestic
firm’s marginal cost. (𝑝̂ − 𝑐) decreases with 𝑐𝑖 since d𝑝⁄d𝑐 < 1. Then, the positive
effect of the minimum price on the domestic firm’s maximum profit is stronger when its
marginal cost is low: the minimum price increases the difference in profit and the
domestic firm’s R&D investment.
3. Under concave demand functions (for own and cross effects: 𝑥𝑝 and 𝑥𝑝∗ ), 𝑥𝑝𝑝 < 0 and
𝑥𝑝∗ 𝑝∗ < 0, which implies that 𝑥𝑝∗ decreases with 𝑝∗ . We proved that both prices increase
in the marginal cost. Therefore, since 𝑥𝑝∗ 𝑝∗ < 0 and 𝑥𝑝∗ 𝑝 < 0, 𝑥𝑝∗ is greater when the
domestic firm’s marginal cost is low. Moreover, according to (31), we can prove that
d𝑝⁄d𝑐 < 1 with concave demand functions, which implies that (𝑝̂ − 𝑐) is also greater
when the domestic firm’s marginal cost is low. The positive effect of the minimum price
on the domestic firm’s maximum profit is greater when its marginal cost is low.
4. Under convex demand functions (for both own and cross effects: 𝑥𝑝 and 𝑥𝑝∗ ), 𝑥𝑝𝑝 > 0
and 𝑥𝑝∗ 𝑝∗ > 0, which implies that 𝑥𝑝∗ increases in 𝑝∗ (but always decreases in 𝑝).
Convexity implies that 𝑥𝑝∗ is more sensitive to 𝑝∗ than 𝑝. The effect of the marginal cost
on 𝑥𝑝∗ is either positive or negative. Furthermore, we cannot prove that (𝑝̂ − 𝑐𝑖 ) is
greater with a low marginal cost because we cannot prove that d𝑝⁄d𝑐 < 1. Therefore, we
cannot verify that the positive effect of the minimum price on the domestic firm’s
maximum profit is greater when its marginal cost is low. However, only a high degree of
convexity could imply that the minimum price decreases R&D investment.
Considering the second case, under a linear or a concave demand function, the term 𝑥𝑝∗ (𝑝̂ − 𝑐𝑖 )
is greater with a low marginal cost (𝑐𝑖 = 𝑐𝑙 ). This result is certain with linear or concave demand
functions. Under a convex demand function, we cannot draw a conclusion.
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5. DISCUSSION
We now summarize and discuss Propositions 1 to 9. Table 5.1 provides a summary of the results
presented in sections 2, 3, and 4.
Table 5.1 Economic impact of each instrument
Instrument

Impact on the
domestic firm’s
R&D
investment
C
B

Impact on the
domestic firm’s
profit

Impact on the
foreign firm’s
profit

Impact on
domestic
consumers’
surplus
C
B

Impact on
domestic
public
revenues
C
B

C
B
C
B
Tariff on
+?
+?
+
+
–
+/–
–
–?
+
+
imports
Production
+?
+?
+
+
–
–
+
+?
–
–
subsidy
R&D
+
+
+
+
–
–
+
+
–
–
subsidy
Public
R&D
+
+
0
0
0
0
investment
Quota on
+/–
na
+
na
–
na
–
na
0
na
imports
VER
–
na
+
na
–
na
–
na
0
na
Minimum
na
+?
na
+
na
–
na
–
na
0
price
Source: Authors.
Notes: C = Cournot; B = Bertrand; na = not available; R&D = research and development; VER = voluntary export restraint. “+”
(respectively, “–”) means that the impact is positive (respectively, negative). “+?” (“-?”) means that the result is either
positive or negative with a high presumption to find a positive (respectively, negative) effect. “+/–” means that the result
is either positive or negative according to the demand functional form or the magnitude of the policy instrument.

An R&D subsidy systematically increases R&D investment. However, if this public intervention
does not take the form of a reduction in the private cost of R&D but of an additional public R&D
investment in volume, the R&D policy reduces private R&D such that total R&D is unchanged. In
general, a production subsidy and a tariff increase R&D investment. These results hold both under
Cournot and Bertrand competition. Under Cournot competition, a quota has either a positive or negative
effect, depending on its restrictiveness. A VER always decreases R&D investment. Under Bertrand
competition, a minimum price is likely to increase R&D investment.
Table 5.1 also summarizes the effect of each instrument on the domestic firm’s profit, domestic
consumers’ surplus, and domestic public revenues, as well as on the foreign firm’s profit. Every
instrument increases the domestic firm’s profit under both Cournot and Bertrand modes of competition.
However, every instrument decreases the foreign firm’s profit except for
 a tariff under Bertrand competition, because it increases the foreign firm’s price, leading
to a collusive impact, and



a VER under Cournot competition, because it decreases the domestic firm’s R&D
investment in response to the foreign firm’s export restriction.
At-the-border instruments such as tariffs, quotas, and VERs decrease consumers’ surplus, while,
in general, production subsidies increase consumers’ surplus; however, under Bertrand competition this
effect is not systematic. On the contrary, an R&D subsidy systematically increases consumers’ surplus
under this competition. Only a tariff increases public revenues, while the subsidies decrease it and a quota
(or VER) has no effect.
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Therefore, we conclude that the R&D subsidy is an interesting instrument:
 It is an offensive instrument that can help domestic firms compete against firms from
countries that benefit from lower production costs.
 It increases domestic firms’ profit and consumers’ surplus.
 These results are robust; they hold regardless of the form of the demand function and
regardless of the mode of competition (Cournot or Bertrand).



According to the WTO, import tariffs are bound, meaning that they cannot be increased
above a certain level. Production subsidies, quotas, VERs, and minimum prices are
forbidden or actionable (permitted only under very specific circumstances). There is more
tolerance for R&D subsidies as long as they do not have a distortionary effect on global
trade. In the model presented in this article, an R&D subsidy has an impact on the
expected level of imports; however, once the domestic firm’s marginal cost has been
determined, the level of imports is not affected by this instrument.
 R&D may bring positive externalities for the rest of the domestic economy (for example,
innovations in other sectors). An R&D subsidy increases these externalities.
However, the issue of the form that this R&D policy takes is crucial. In order to be effective it
must be targeted to a reduction in the private cost of R&D. In the model presented here, public R&D
investment decreases private R&D investment.
Note that a government may decide to reduce taxes on domestic firms. In 2014, with the so-called
Pacte de Responsabilité, the French government is currently conducting precisely this policy, and the
functioning of the production subsidy in the framework of this paper is nothing more than the pure
equivalent of a tax reduction that reduces production costs.
We complement this discussion by a welfare analysis. We suppose that domestic welfare is the
unweighted sum of domestic firms’ profit, domestic consumers’ surplus, and domestic public revenues.
This assumption may be criticized on the basis of political economy considerations. However, this is the
simplest and most straightforward assumption.
A welfare analysis is supposed to specify the optimum level of each instrument and the welfare
associated with it, enabling selection of the best instrument in terms of achieving the maximum welfare. It
looks difficult if not impossible to provide a general demonstration, as domestic welfare is expected based
on a probability that is a strictly concave function of R&D. Considering this difficulty, we study a central
case scenario in which functional forms have been selected for a demand function (linear, that is 𝑝(𝑋) =
𝑎 − 𝑋 in the Cournot case; 𝑥(𝑝, 𝑝∗ ) = 𝑎 − 𝑝 + 𝑏𝑝∗ and 𝑦(𝑝, 𝑝∗ ) = 𝑎 + 𝑏𝑝 − 𝑝∗ in the Bertrand case) and
for probability of R&D success 𝛼(𝑟) = 𝑟 𝑘 , while specific values have been given to parameters (𝑎 = 24,
𝑐𝑙 = 3, 𝑐ℎ = 6, 𝑣 = 27.5, 𝑘 = 0.5 in the Cournot case; 𝑎 = 24, 𝑐𝑙 = 3, 𝑐ℎ = 6, 𝑣 = 27.5, 𝑘 = 0.5, 𝑏 =
0.5 in the Bertrand case). Then we modify the values given to these parameters, considering successively
increased and decreased parameter a, increased and decreased difference between 𝑐ℎ and 𝑐𝑙 , increased
and decreased 𝑣, increased and decreased 𝑘, and lastly increased and decreased 𝑏. This analysis gives the
following results.







The implementation of a quota (or a minimum price under Bertrand) is never the best
policy among the four considered here. Either it decreases domestic welfare or it
increases domestic welfare, but in this case the best quota is 0 (import prohibition) or the
level of quota such that 𝑟 = 1 (R&D is maximum). In particular, a not very restrictive
quota always decreases domestic welfare (this is a consequence of Proposition 4).
Implementing an R&D subsidy, a production subsidy, or a tariff increases welfare.
The implementation of an R&D subsidy is never the best policy among the four policies
considered here.
The best policy in terms of welfare maximization is either a production subsidy or an
import tariff.
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In particular, a production subsidy is all the more beneficial compared to a tariff in terms of
welfare when a is small, when the difference between 𝑐ℎ and 𝑐𝑙 is small, and when 𝑣 is high. These
results hold under both Cournot and Bertrand cases. Finally, under a Bertrand mode of competition, a
production subsidy is all the more beneficial in terms of domestic welfare when 𝑏 is small.
How can these results be interpreted? It is not surprising that a quota is never the best policy, as
here it does not generate public revenues. The only effects that the quota leads to are an increase in the
domestic firm’s profit and a reduction in domestic consumers’ surplus. By comparison, an import tariff
implies an increase in the domestic firm’s profit, a reduction in domestic consumers’ surplus, and an
increase in public revenues. That a quota is less beneficial than a tariff in terms of welfare if it does not
generate public revenues is a traditional result of economic theory.
Then we conclude that the implementation of either an R&D subsidy or a production subsidy or a
tariff increases domestic welfare. Again this is not surprising. The literature on strategic trade policy has
reached similar conclusions. Here our modeling differs because the result of R&D is uncertain. In
previous sections we showed that these three instruments increase domestic R&D, so they increase the
probability of the best outcome in terms of welfare.
Finally, let us discuss the finding that, in terms of domestic welfare, an R&D subsidy is always
worse than either a tariff or a production subsidy or both. In the selected framework, an R&D subsidy
only affects (positively) the probability of R&D success, here denominated 𝛼(𝑟). Indeed, this subsidy
decreases the domestic firm’s total cost, in particular its R&D cost. But in terms of public revenues it
costs exactly the same amount, such that domestic welfare is unchanged. In particular, an R&D subsidy
does not change the domestic firm’s output (in the Cournot case) or its price (in the Bertrand case) once
the domestic firm’s marginal cost of production is known. The subsidy only modifies the R&D
implemented by the domestic firm and consequently the probability of reaching a low marginal cost.
The effects of an import tariff and a production subsidy are fundamentally different. Both
instruments not only affect the level of R&D (through an effect on the profit difference) and consequently
the probability of R&D success, but they also increase domestic welfare under both states of nature;
whatever the domestic marginal cost is, the strategy implemented by the domestic firm is changed by
either a tariff or a production subsidy, and it leads to higher welfare under each state of nature. Putting it
differently, if W is domestic welfare, 𝛼 is the probability of success of R&D, 𝑊𝑙 is domestic welfare
when the domestic firm’s marginal cost is 𝑐𝑙 , and 𝑊ℎ is domestic welfare when the domestic firm’s
marginal cost is 𝑐ℎ , we have 𝑊 = 𝛼𝑊𝑙 + (1 − 𝛼)𝑊ℎ . An R&D subsidy increases only 𝛼. An import tariff
or a production subsidy increases 𝛼, 𝑊𝑙 , and 𝑊ℎ . This explains why these instruments have a greater
impact on domestic welfare than an R&D subsidy.
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6. CONCLUDING REMARKS
The objective of this paper was to evaluate the potential impact of various policy instruments, both at the
border and behind the border, on domestic R&D. We have shown that these instruments have contrasting
effects on R&D. For example, a production subsidy has a positive impact on R&D while a VER has a
negative impact. A quota on imports may decrease R&D if it is not too restrictive and may expand it if it
is relatively restrictive.
We conclude that an R&D subsidy is an attractive instrument for policymakers because it has an
unambiguously positive impact on R&D and because it is less regulated by the WTO as compared to
other instruments. These other instruments are either comparatively uncertain or ambiguous in terms of
their effect on R&D or they are forbidden by international law. We believe that this theoretical conclusion
fits well with today’s trade environment, as many interventions in high-income countries or emerging
economies are (or are close to) R&D subsidies.
From a theoretical point of view, this paper is based on a duopolistic model (under either
Bertrand or Cournot competition) with a specific feature (as compared to the literature); the impact of
R&D is uncertain. R&D expenses increase the probability of R&D success, which we think is a realistic
assumption. In that sense, this study is largely innovative, particularly the analysis of the impact of an
import quota (under Cournot competition) and of a minimum price commitment (under Bertrand
competition) on R&D.
What is the best instrument among all those considered here? We conclude that, in terms of
welfare, either a production subsidy or an import tariff is superior to an R&D subsidy. This conclusion
deserves a discussion. First, it is based on a specific government’s objective function. The specification of
a government’s objective is always arbitrary, as it is difficult to state the importance of consumers’
surplus, producers’ profit, and public revenues in a political process. Second, an important aspect of R&D
expenses is externalities, which should be included in a government’s objective. Third, dynamic
considerations matter because R&D expenditures may have a long-term impact on competitiveness. If we
consider a game over several periods, a failure of R&D today may reinforce the attractiveness of R&D
tomorrow, while a success of R&D today may weaken a government’s interest in such expenses
tomorrow.
Another way of enhancing domestic R&D in order to reinforce domestic competitiveness in the
face of competing low-cost producers is to improve the quality of the environment in terms of law;
property rights; and the transmission of knowledge, inventions, and innovation from research centers
(public or private) to the private sector of production. An illustration is the US Bayh-Dole Act, which in
1980 changed the ownership of inventions arising from federally funded research. In our model, this
structural policy would imply a modification of the probability of successful R&D: the  function would
become more convex and each dollar spent on R&D would lead to a more probable reduction of the
marginal cost of production.
Finally, let us mention a few directions of possible extension of this model. First, it would be
interesting to model differently the process of R&D, in particular focusing on innovation in terms of
products and not cost. The design of a new product is another way to tackle competition from abroad.
Second, it would be interesting to study retaliation, as the implementation of a tariff in the home country
may imply a retaliatory tariff in the foreign country (with potential WTO permission), the implementation
of a production subsidy may lead to a countervailing duty in the foreign country, and so on. This
extension would require a change in the theoretical structure of this model and the introduction of
domestic exports to the foreign country. A third possible extension could consist of the introduction of
asymmetrical information: the government may not know the probability of R&D success or the level of
marginal cost reachable if R&D succeeds. Another option is that the R&D is similar to an effort
undertaken by the firm, and the government may not be in a position to control this level of effort. All
these potential extensions are interesting and could be studied in future research.
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