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Abstract

We introduce an intra-industry setup in order to reconsider the consequences of
government (in)ability to precommit to its policies when it is constrained to only one
policy instrument (second-best policies). This setup nests the standard frameworks of
strategic trade policy—the “third-market” and the “home-market” framework. We also
analyze how robust the signs of particular policy instruments (R&D subsidies) are when
passing from the “second-best” to the “first-best” policy and show that in the considered
setup this issue is closely related to the issue of the government commitment. The policy
instruments under consideration are import tariffs and export and R&D subsidies, and

there are R&D spillovers from the domestic firm to the foreign firm.
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Abstrakt

Prezentujeme modifikovany model vnitro-odvétvové smeény, ve kterém revidujeme
tradi¢ni dopady (ne)schopnosti vlady zavazat se pfedem ke svym politikdm v situaci, kdy
jsou omezeny na ovliviiovani pouze jednoho nastroje (second-best policies). Tato
konfigurace v sob¢ zahrnuje jak tradi¢ni ramec pro analyzu strategické obchodni politiky

(13

— tfeti trh, tak ramec, v némZ neabstrahujeme od dopadi na ,,domaci trh*. Také
analyzujeme, jak robustni jsou znaménka nastaveni konkrétnich ndstroji (dotace na
vyzkum a vyvoj) pfi prechodu od ,,second-best™ k ,.first-best* politikdm, a ukazujeme, ze
v nasem uvazovaném modelu je tato problematika uzce spjata se schopnosti vlady se
k dané politice zavazat. Analyzujeme nastroje hospodaiské politiky ve formé dovoznich

cel, exportnich dotaci a dotaci na vyzkum a vyvoj a ptfedpokladdme existenci vedlejSich

dopadi (spillovers) investic domdci firmy do vyzkumu a vyvoje na firmu zahrani¢ni.



1. Introduction

The “third-market* approach (in which domestic firms compete with foreign firms
at a third, neutral market) used to be a standard setup to analyze the impacts of strategic
trade policies and, subsequently, to study the issues of timing in the decisions of firms and
governments. Notably, this approach ignores consumer surplus (and possible tariff
revenue). At the center of such an approach is a standard three-stage duopoly game in
which a domestic firm undertakes some kind of strategic investment (say, in R&D) prior
to market competition and the domestic government sets a policy instrument (usually an
export subsidy). The important issue of timing then arises: whether the government can
set its policy instrument prior to the firm’s investment.' In other words, the problem of
timing enters here via the issue of the government’s ability to commit to its action since
this (in)ability determines the timing of the moves between the government and the
domestic firm.

Note that in the context of dynamic games where the domestic firm has more than
one choice variable (e.g. the level of R&D and the level of output), there is a distinction
between the “first-best” and the “second-best” policy. The first-best policy in principle
includes more than one policy instrument in order to induce socially desirable levels of all
choice variables. In many circumstances, however, the government may be constrained to
a smaller number of instruments or even only to one instrument. Such constrained policies
we refer to as “second-best” policies (see Neary and Leahy, 2000). There are usually
several second-best policies that can be contrasted and ranked against the benchmark
stemming from the first-best policy. For instance, a standard second-best policy in the

above third-market setup is the policy of export support via export subsidies or indirectly

! See for instance Goldberg (1995), Karp and Perloff (1995), Neary and O’Sullivan (1997), Grossman and
Maggi (1998), Neary and Leahy (2000) and Ionagcu and Zigi¢ (2005).
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via R&D subsidies. The first-best policy obviously includes both export subsidies and
R&D subsidies.

As for the normative aspect of such second-best policies in the third-market
approach, some of the most important results can be summarized as follows: a) Export
subsidies lead to overinvestment in the strategic variable (that is, in R&D) from the first-
best point of view irrespective of the government’s ability to precommit. b) The social
welfare in free trade can be higher than the social welfare under a strategic trade policy
when the government is unable to precommit to its actions (‘“non-committed
government”). ¢) The policy in which the government can commit to act prior to the
strategic action of the domestic firm always generates higher welfare than its non—
committed counterpart. d) The R&D subsidies that turn out to be non-negative in the
second-best setup become negative (that is, R&D taxes) when the first-best policy is
employed.

Point d) is rather important from the policy point of view since providing R&D
subsidies was considered a robust policy instrument unlike output policies like tariffs and
export subsidies (see Bagwell and Staiger, 1994 and Maggi, 1996); we pay special
attention to this point in the analysis.

However, as Helpman and Krugman (1989) point out, the “third-market approach
is useful for isolating strategic interactions but is a terrible guide to policy”. So an analysis
of the home-market setup seems to be indispensable given the policy relevance of this
setup. Thus, Zigi¢ (2007) shifted the focus from the “third-market” to the “home-market”
setup (in which home and foreign firms compete in the home-market) to test the
robustness of the above “third-market setup” propositions. He found that all of the above
propositions are reversed in the home-market setup provided that there are some R&D
spillovers stemming from the domestic to the foreign firm. The problem with Zigié’s

(2007) approach, however, is that the third-market and the home-market setups are not
4



directly comparable and so each setup requires different first-best and free-trade
benchmarks. Most notably, there is no consumer surplus in the social welfare function of
the third-market setup.

In order to overcome this comparability problem, we put forward an integrated
framework that would in a natural way include consumer surplus in both frameworks and
nest both setups enabling the common and the unique (both the free-trade and the first-
best policy) benchmark. More specifically, we allow for intra-industry trade. That is, the
domestic firm competes with the foreign firm on both the domestic and the foreign market
(see Brander and Krugman, 1983 or Krugman, 1984 for a similar setup). Thus, a typical
second-best home-market policy in this setup would be a one-instrument policy in which
the home government protects its market by means of tariffs. This policy would have,
however, an impact on the export market in favor of the domestic firm and lead to “export
promotion as import protection” (see Krugman, 1984). Also notice that in such a
framework the (constrained) first-best policy would entail three policy instruments: export
subsidies, R&D subsidies and import tariffs.

We also assume the presence of unilateral R&D spillovers in the above framework
making our analysis suit the North-South (or East-West) intra-industry trade setup. Indeed
there is empirical evidence about North-South horizontal intra-industry trade
characterized with important bilateral intra-industry trade between Northern and Southern
countries in a number of products® (see, for instance, Tharakan and Kerstens, 1995 or
Fidrmuc, et al. 1999 for East-West intra-industry trade).

The two main goals of this paper are i) to reconsider in this new, integrated

framework the issue of the government’s commitment to typical second-best policies and

? Tharakan and Kerstens (1995) showed econometrically that North-South intra-industry trade in toys is of a
horizontal type. That is, toys are close or perfect substitutes rather than being differentiated by quality.
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i1) to check the above-mentioned robustness of the sign of R&D subsidies when passing
from the second- to the first-best policy.

In such an integrated framework, the latter issue is closely related to the former
since the sign of the R&D subsidy depends on the government’s (in)ability to precommit
to its policy instrument. In particular, if in the first-best framework, the government
cannot precommit to neither export subsidies nor tariffs, then indeed the sign of the R&D
subsidies in the first-best setup will not be very robust vis-a-vis its sign in the second-best
setup. That is, R&D subsidies would turn into optimal R&D taxes in the first-best setting
unless the intensity of spillovers is rather strong. If, on the other hand, the government is
able to precommit to export subsidies and tariffs in the first-best setting, then R&D
subsidies will remain positive also in the first-best setup unless the intensity of spillovers
is rather low. In other words, while the level of social welfare in the first-best setting is
always the same (maximal), the level of a particular first-best instrument differs
depending on the given sequencing.

Another key insight from our integrated framework is that the presence of
unilateral R&D spillovers may lead to the reversal of the standard result in which the
committed government is always superior (in terms of social welfare) to the non-
committed government. Interestingly enough, this reversal occurs in both home-market
and third-market policies under consideration. More specifically, in the home-market
policy setup social welfare in the government regime without commitment is bigger than
in the corresponding commitment regime at already very small spillovers, while in the
case of third-market policies larger spillovers are needed for this to take place.

To illustrate and to contrast as clearly as possible the effects of the particular trade

policy instruments, we stick to a simple dynamic Cournot duopoly. Like in most papers



using a third-market setup, the strategic variable is investment in cost reduction’ (see, for
instance, Karp and Perloff, 1995 or Grossman and Maggi, 1998). As already indicated, we
allow for R&D spillovers from the domestic to the foreign firm. The rationale for
introducing R&D spillovers stems from the fact that innovations, in general, are subject to
R&D spillovers. In particular, as we already claimed, our extended setup could fit well
into a North-South intra-industry trade setup in which the domestic Northern firms
innovate and the Southern firms imitate or, in other words, benefit from R&D spillovers
through trade in both markets.* The presence of R&D spillovers in this context seems to
be even more natural than in a single market setup since firms interact on both markets
and there may be more opportunity for foreign firms to capture the R&D output of
domestic firms. As Tharakan and Kerstens (1995) note “the presence of American,
Japanese and European firms stimulated the South-East Asian producers to do more
research and imitate the dominant styles and products in demand in the high income
countries.”

The rest of this paper is organized in the following way: in Section 2 we briefly
survey the related trade literature. In Section 3 we describe the basic setup, its underlying
assumptions and define the second-best policy regimes under consideration as well as the
first-best benchmark. In Section 4, we analyze the positive and normative aspects of the
second-best policy regimes in the home-market policies (tariffs) while in Section 5 we
briefly review the analogous aspects and findings from the third-market policies (export
subsidies). In Section 6, we explore the robustness of the R&D subsidies in the first-best
as opposed to the second-best policies. Finally, Section 7 is devoted to concluding

remarks.

3 Market-expanding investment or investing in product innovation where the investments shift the demand

function is effectively identical with cost-reducing investment (see, for instance, Leahy and Neary, 2001).

*The importance of R&D spillovers and imitation and the economic implications in both North-South trade

and in general seems to be well and broadly documented in both theoretical and empirical literature (see, for

instance, Chin and Grossman, 1990; Griliches,1992; Deardorff, 1992; Zigi¢, 1998 and 2000; Coe and

Helpman, 1995; Lai and Qui, 2003; Qui and Lai, 2004 and Grossman and Lai, 2004 among many others).
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2. Survey of the literature

Here we briefly review the trade literature on the issue of timing and commitment
and put it into perspective. Using a third-market setup, Carmichael (1987) was one of the
first authors who turned attention to the issue of government commitment and the
consequent timing in a decision. A firm that anticipates a subsidy has an incentive to
inflate the price since the size of the subsidy is usually positively related to the price. In
these circumstances, trade policy loses its strategic dimension, and it is a rather responsive
device in that governments try to offset an excessive increase in the domestic price.’ Thus,
there is a pure transfer of rents from the government to the domestic firm without any
strategic impact and so without any change in effective export prices and domestic social
welfare. Consequently, the government will lose nothing if it can precommit to free trade.

Carmichael’s (1987) analysis sparked discussion and research about the mode and
timing of trade policy. One of the crucial features of this discussion is the distinction
between the announcement of a policy program and its actual implementation. Thus, the
government’s decision about the design of a policy program may precede the selection of
the actual level of such a selected policy, splitting a single stage of the game into two
stages. Moreover, different timings of the policy choice (and different policies
themselves) usually result in various degrees of policy flexibility, pointing to a trade-off
between flexibility and commitment (see, for instance, Cooper and Riezman, 1989,
Arvan, 1991 and Shivakumar, 1993). Thus, for instance, Hwang and Schulman (1993)
allow a government to explicitly commit to “non-intervention” (that is, to free trade, in
our terminology) and investigate when the commitment to free trade yields larger social

welfare.

> In fact, in Carmichael (1987), domestic firms have an incentive to inflate prices to infinity, and so
equilibrium prices are obtained as a “corner solution” determined by the price cap set by the policy makers.
However, this problem disappears if, as assumed by Gruenspecht (1988), the opportunity cost of raising a
unit of government revenue is larger than one. See also Neary (1991) and Neary (1994).
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It is important to recall that the above issue of strategic intervention versus
commitment to free trade is an example of rules versus discretion in the sense described
first by Kydland and Prescott (1977). Since trade policy is, by its nature, of a second-best
character, it is plagued with the time consistency problem and so the above dilemma of
rules versus discretion is likely to be relevant here (see, for instance, Staiger and Tabellini,
1987 and 1989 and Staiger, 1995 for a survey of the literature that deals with rules versus
discretion issues in the context of trade policy).

Inquiry into the impact of timing in subsequent strategic trade policy literature is
conducted in a somewhat richer and (for the purposes of our analysis) more important
context, yet still within the third-market framework. As already mentioned above, in this
setup, domestic firms undertake some kind of strategic investment prior to market
competition (see for instance, Goldberg, 1995; Karp and Perloff, 1995; Neary and
O’Sullivan, 1997; Grossman and Maggi, 1998; Neary and Leahy, 2000 and Ionascu and
Zigi¢, 2005). The intriguing and non-standard case is the one in which firms commit to
their investment before the government sets, say, export subsidies. The reason why the
strategic investment of the firm can precede the government’s action is the fact that the
policymakers may lack credibility with the firms whose behavior they try to influence (see
Neary and Leahy, 2000) or there may be an already noted time lag between the
announcement of a trade policy program and the implementation of the trade policy
instrument at the concrete level. Much like in an initial Carmichael (1987) setup, both of
these reasons give an incentive to the domestic firm to influence (or manipulate) the
government's policy response.

In these circumstances, precommitment to free trade looks even more attractive
than in Carmichael’s (1987) simple setting in which trade policy and free trade are
equivalent in terms of social welfare. As we already mentioned, the point is now that

domestic firms are inclined to overinvest in a strategic variable (e.g. in R&D capital) that
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may be socially costly and inefficient. In turn, it can lead to lower social welfare
compared to the corresponding social welfare under free trade (see, for instance, Karp and
Perloff, 1995; Neary and O’Sullivan, 1997; Grossman and Maggi, 1998; Neary and
Leahy, 2000 and Ionascu and Zigié, 2005). This socially undesirable overinvestment
occurs, among other things, when the cost of capital is not excessively large since high
costs of capital neutralize the incentives for overinvesting.’

It is worth stressing once again that all of the conclusions from the above literature
are obtained within a “third-market setup”. As already mentioned, Zigi¢ (2007) is an
exception, but there the comparison between the third-market and home-market was not

performed on a common, directly comparable platform.

3. The basic setup
3.1. ASSUMPTIONS AND MODEL

We employ a standard and simple dynamic setup in which the domestic firm
invests in a strategic variable prior to the market competition stage in which the domestic
and the foreign firms set their respective output levels simultaneously at both domestic
and foreign markets. As for the home government, it can ideally set three policy
instruments: import tariffs, export subsidies and R&D subsidies, which we denote as “z”,
“s” and “s,”, respectively. In Sections 3 to 5, we assume that the government is
constrained to only one policy instrument. More specifically, we mainly focus on the so-
called “output policies” where only import tariffs or export subsidies are available.

Clearly we are confined only to the subset of second-best policies or second-best regimes

(see, for instance, Neary and Leahy, 2000).

® Surveying the empirical evidence on the international comparison of the costs of capital, Karp and Perloff
(1995) informed us that the U.S. has substantially higher costs of capital than other developed countries
(double that of Japan, 89 percent more than in Germany and 29 percent more than in the United Kingdom in
1988). Yet “according to some empirical studies, even in the United States, real capital costs are low enough
so that strategic U.S. subsidies may cause excessive U.S investment” (Karp and Perloff, 1995).
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Concerning the government’s ability to precommit, we consider three such
government second-best regimes: (1) The commitment regime in which the government
is capable of committing to both a policy intervention and a particular policy instrument
(tariffs or subsidies) prior to the domestic firm’s choice of strategic variable (henceforth
the “C” regime). (2) The non-commitment regime in which the government announces
trade policy in the first stage (for example, due to the lag in the announcement and
implementation of the policy or due to lack of credibility) but imposes the actual level of
its policy instrument only after it observes the domestic firm’s choice of strategic variable
(henceforth the “NC” regime). (3) The free—trade regime is a situation in which the
government commits to non—intervention, that is, to no tariff or subsidy program. In our
setup this is equivalent to committing to zero tariff or export subsidy (henceforth the “FT”
regime).” Following Neary and Leahy (2000) and Leahy and Neary (2001), we assume
that the government can always precommit to R&D subsidies.

As already mentioned, we do not explore all possible second-best policies. The
reason for this is that, we believe, it suffices to focus only on the simplest cases with one
policy instrument to grasp the difference between the third-market and the home-market
policies and the accompanied government’s (in)ability to precommit. Even if we
reasonably restrict the second-best policies by assuming that the government’s inability to
precommit to an export subsidy also implies its inability to precommit to tariffs, there will
be in total eleven different second-best policies given the above assumption that the

government always commits to an R&D subsidy. This, however, does not mean that the

" In a more complex setup, setting an instrument to zero may not be equivalent to committing to free trade
due to the different strategic implications of these two situations (see, for instance, Gruenspecht,1988 or
Arvan, 1991). For the whole spectrum of possibilities of commitment patterns between firms and the
government in a dynamic games setting under the third-market assumption, see Leahy and Neary (1996).
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second-best policies that are not under consideration are not interesting per se. This is
certainly not the case and we briefly comment on this issue in the conclusion.

As for the technical details of the basic models, much like in the related literature
(see, for instance, Grossman and Maggi, 1998; Neary and Leahy, 2000 and Ionascu and
Zigié, 2005), we make use of the “linear-quadratic” example. More specifically, we
assume the inverse demand functions in both markets to be linear and, for simplicity, with

the same intercept A (with units chosen such that the slope is one). That is, P=A4-Q
whereQ=¢q, +¢q, and P,=A4-Q, where Q, =q, +q, . The parameter 4 captures the
size of each market and ¢, and g, denote the domestic and foreign firm outputs on the
home market, respectively, while ¢, stands for the home firm’s export to the foreign
country and ¢ ,, stands for the foreign firm’s output in its domestic market.

The strategic variable that we label y can assume various interpretations, like

upfront investment in capital or knowledge as in Grossman and Maggi (1998), or a
variable related to R&D investment (“R&D cost function” as in Zigi¢, 2004 or Ionascu
and Zigié, 2005). The point is that in each of these interpretations, these investments are

assumed to reduce the marginal costs of the domestic firm by y. We assume that the

“R&D cost function” has a quadratic form, y*/g, where g is a parameter capturing the

efficiency of marginal cost reduction (the parameter g is directly related to the parameter

k used in Grossman and Maggi, 1998 or Karp and Perloff, 1995, who interpret it as the
cost of capital or investment, with g = 1/k). We stick to the specific functional form of the
R&D cost function to state our results as sharply as possible.

The domestic firm is assumed to have initial constant unit variable costs of
production a, with 4 > &, where parameter o can be thought of as pre-innovative constant
unit costs describing an old technology initially accessible to both domestic and foreign

firms. We assume that gis always big enough so that y <aholds in equilibrium.
12



Consequently the post-innovative unit cost® of the domestic firm is now expressed as

¢, =a—y and the corresponding unit cost of the foreign firm is ¢, =a — By, where

f €[0,1] stands for the R&D spillovers parameter.
Social welfare (w ) in the considered second-best setting always contains the

domestic firm’s profit (I1,) and domestic consumer surplus (S,). The consumer surplus
q

is defined as S,(q) :IP(z)dz—qP(q) that in the case of a linear demand reduces to
0

S, =g, +q,)’. If the second-best policy is of the export-support kind (that is, a

third-market policy), or of the R&D-support type, then the subsidy expenditures

2

T =sq,and R&D subsidies T, =, 2 have to be subtracted from social welfare. In the
g

case of import protection (that is, a home-market policy), tariff revenue R = #g , has to be

added to domestic profit and consumer surplus. Finally, the domestic and foreign firms’

profits (that nest all three policy instruments) are respectively given as:’

2

M, =(4-0)q, +(4-0,)q, —c,(q, +4.)+ 54, —(l—sy%
and I, =(A4-0)q,+(A-0,)q,—c,(q,+q,)1q,.

As for the other model assumptions and restrictions, they are primarily concerned
with the issue of the existence and viability of a duopoly on both the home and the foreign
markets and the well-defined maximization problems that in turn require constraints on
the R&D cost function, y*/g. For a duopoly to be a viable market structure in every
regime, it is necessary that a strategy leading to the elimination of the foreign

competitor— “strategic predation‘“— would be too expensive and is never optimal for the

¥ In the rest of the paper, we use the term “unit costs” instead of the more correct “unit variable costs”.
? Subscript “d” is omitted when it is obvious that we deal with domestic profit.
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domestic firm.'® Thus, the marginal cost of the unit cost reduction, 2y/g, has to be “steep

enough” so that its intersection with the accompanying marginal benefit occurs at a level

of y" such that 0< 3" < y” <@, where " is the optimal unit cost reduction in a duopoly

and y”is the level of unit cost reduction that leads to zero output of the foreign firm in
equilibrium. More specifically, it means that the size of the parameter g should not be “too
large” implying an upper bound on g such that for all values of g below this upper bound
all problems and variables under consideration would be well defined (e.g. the duopoly is
both feasible and socially an optimal market structure, all relevant values are positive,
second-order conditions are satisfied, etc.).'' The conditions on g and B that satisfy the
above restrictions are derived in Appendix 1 for all the setups under consideration. We

assume further that both g and P take these feasible values.

3.2. THE NON-COMMITMENT, COMMITMENT AND FREE-TRADE REGIMES AND THE FIRST-
BEST SETUP

Given our current framework in which the government relies on trade policy, it
could be argued that the assumption of a non-committed government is a natural one and
the one that is easier to justify than its committed counterpart. As noted by Kydland and
Prescott (1977), the necessary condition for a government to lack commitment ability is
that it finds itself in a second-best situation. This is a typical situation with trade policy
since a reliance on trade policy in general implies that the government for some reason
does not have other, less distortionary instruments at its disposal (see Staiger, 1995). In

such circumstances the government has an incentive to surprise firms by unexpected

' Similarly, we assume that it is not feasible for the domestic government to set either tariffs or subsidies so
high as to attain domestic-firm monopoly on any of the considered markets. This, for instance, would trigger
the reaction of the foreign government, and thus would not ever be optimal to undertake.

" Following an alternative interpretation (e.g. Grossman and Maggi, 1998 or Karp and Perloff, 1995) the
upper bound on g is equivalent to the lower bound on the cost of capital, k. The reason is that the low cost of
capital may lead to high investment in R&D that in turn results in drastic innovation and the exit of the
foreign firm.
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policies. For instance, in our setup the policy makers are tempted to announce a “high”
tariff to enhance the domestic firm’s incentive to invest in socially insufficient R&D
investment (or unit cost reduction). Then if the domestic firm believes this announcement
and makes the corresponding R&D investment, it becomes optimal for the government to
renege ex post on its promise and set a lower, less distortionary tariff. Finally, the fact that
the government in our setup relies on strategic trade policy whose successful application
requires a high degree of flexibility and discretion, reinforces the case of the non-
committed government.'?

The above setup implies strategic interaction between the domestic government,
the domestic firm, and the foreign firm, and it can be depicted by means of a sequential,
three-stage game. The first stage of the game is the one in which the domestic firm
strategically chooses its innovation effort and consequent unit cost reduction. In the
second stage, the non-committed government sets the tariff on imports or export subsidy

after it observes the firm’s choice of y. Finally, in the last stage, the firms select

quantities and consequently, profits and welfare are realized.

If, on the other hand, we assume that the government somehow possesses the
ability to commit to its policy prior of any strategic move (investment) by the domestic
firm, we speak about a C regime. Much like the above case, this can again be captured by
an appropriate three-stage game. The only formal difference from the NC regime is that
the first two stages are reversed. Thus, the government now credibly commits to either
tariffs or export subsidy levels in the first stage of the game. In the second stage, the
domestic firm strategically chooses its innovation effort and the consequent unit cost

reduction. Finally, in the last stage the firms choose their equilibrium quantities.

12 Ultimately, the (in)ability of the government to commit to its policy depends on the strength of the
country’s institutional and political setup.
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In the case of free trade, the government is assumed to be able to commit to non-
intervention, and in our setup this is equivalent to precommitment to zero tariffs, export
subsidies or R&D subsidies (see Footnote 7).

As for the first-best setup, it refers here to the situation in which the government,
besides tariffs and export subsidies, also sets R&D investment subsidies (taxes), and
among other things, the R&D and the output levels in this setup serve as benchmarks for
over/underinvestment and over/underproduction, respectively. Before we proceed, it
should be made clear that the term “first-best” is not completely appropriate in this
setup.”” We nonetheless stick to the term “first-best” to distinguish it from the one-
instrument “second-best” policy and also because the idea of the first-best policy was
already used in related literature (see, for instance, Neary and Leahy, 2000, which, in an
analysis of a third-market setup, calls the combination of two instruments like output and

R&D subsidies the “first-best” policy).

4. Home-market policies—import tariffs

4.1. NON-COMMITMENT REGIME: TARIFFS, R&D AND WELFARE
The only policy instrument under consideration here is the import tariff. We
proceed by solving the game backwards. In the last (third) stage, the firms choose the

equilibrium quantities. The domestic firm maximizes

2

Max[T1,]=(4-Q)q, +(4-0,)q, — ¢, (4, +qe>—y? (1.a)

qa e,

" The “true” first-best policy would involve four policy instruments: an import tariff, an output subsidy, an
export subsidy and a R&D subsidy or tax. However, the optimal output subsidy would in our setup induce
the domestic firm to produce at the point where marginal costs equal price, which in turn would imply that
the domestic firm alone serves both the home and foreign markets. That is, the optimal market structure
would be a domestic monopoly on both markets. Since the duopoly interaction between the domestic and
foreign firms on both markets is at the core of our analysis, the issue of an optimal output subsidy naturally
has to be disregarded. More generally, the output subsidy is considered to be unrealistic (Dixit, 1988) and
due to its heavy informational content often an infeasible and impractical instrument (Bhattacharjea, 1995).
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given g and g, . The first-order conditions for an interior maximum are oll,/dq, =0
and Ol1,/0q, =0 yielding 4-2q,-q, —c, =0 and A-2q,—q, —c,=0.

The maximization problem for the foreign firm is

MaxI1 ]=(4=0)q, +(A=0)9u =¢1(q, +9u) =1 (1.b)
given ¢q,,q, and ¢. The first-order conditions are A-2¢,-q,-c,—-t=0 and
A-2q,-q9,-¢c,=0.

Solving the reaction functions yields the Cournot outputs as a function of y and

_ At () -2¢,(0)+0)

q,(»,1) 3 (2.a)
P UL (1 -20) o
g.() = 2E e ;_ 2al) 20)
g () = 2T Cd)

3

Substituting (2.a), (2.b), (2¢) and (2d) into (1.a) yields the domestic firm’s profit function

expressed in terms of R&D and tariffs:

T () = (A+c,(¥)=2¢,(»)+ t)9+ (A+c, (1) =2¢,(»)" Ve, 3)
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In the second stage of the game, the domestic government selects the optimal tariff
given the unit cost reduction of the domestic firm. Its objective function is now given by
the expression

W) =T1() + S, () + R(2), 4)

where consumer surplus, S, (¢) and tariff revenue R(¢)are respectively given by

S, (6)=1/2(; +q, ) = (2(A—Of)—lfg+ (L+B)) )
and
R()=1-q] :t(A—a—2t3—y(1—Zﬂ)) | ©

Note that domestic profit monotonically increases in tariff (the higher the tariff, the larger
the effective unit cost difference and, consequently, the higher the domestic firm’s profit)

while consumer surplus monotonically declines in tariffs. Finally, the function R(¢)

initially increases in ¢ as t goes above zero, reaches its maximum at

t=i(A —a—(1-2p)y), but eventually falls to zero as ¢ reaches the prohibitive tariff,

t,—a tariff that causes the exit of the foreign firm from the home market. Thus, the
function W(¢)is strictly concave in ¢ with d°W(t)/dt’ =-1<0 while the whole tariff
domain on which a duopoly is defined is given by the interval 7 € [0, 7, ].

The constraints on g and 3 (see Appendix 1) ensure an interior maximum such that

t, <t, and the optimal tariff 7, is obtained by solving OW /0t =0, yielding

)= A ™

There are several interesting observations to be made about the above optimal tariff ¢, .

First, note that it is independent of the functional form of the R&D cost function. Second,
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when B=0, the expression for ¢, is a pure profit-shifting tariff'* (see Bhattacharjea, 1995)

and it does not depend either on the domestic unit cost (a in (7) represents foreign firm

unit costs), or on the domestic strategic variable y."> The latter is rather important for us

because it indicates that the manipulation of the government by the domestic firm (in the

form of overinvesting in y ) is not possible here without spillovers. Finally, given the fact
that in an NC regime, the government lacks the ability to precommit to the tariff before
the firm chooses y ; the tariff ¢, is time consistent.'®

In the first stage of the game, the domestic firm selects the optimal level of

marginal cost reduction, y, taking into account the subsequent impact on the foreign

rival’s behavior. By substituting ¢, into (3) we obtain:

. . . 4(12(A4 - 3— 2 19((4- 5 _ 2 2
1 )1 )= A= )2 =PV oo’ 2
Maximizing (8) with respect to y gives the optimal y, and by substituting it into (5), (6),

and (8) and summing these three items, we obtain the optimal social welfare in terms of
the model parameters in the NC regime (see Appendix 2 for all optimal values expressed

in model parameters).

4.2. COMMITMENT REGIME, FREE-TRADE REGIME AND THE FIRST-BEST SETUP

' More precisely, it is equivalent to the standard strategic tariff that leads to improvement in terms of trade
and to production efficiency gains (see Helpman and Krugman, 1989).

"> The reason for this lies in the property of linear inverse demand. In the case of linear demand, the unit
costs of the domestic firm cannot be influenced by the firms’ actions after the tariff is set (see Bhattacharjea,
1995 and Baghdasaryan and Zigi¢, 2010). Therefore the optimal non-commitment tariff is ¢, = ( 4 — cr)/3,
regardless of ¢, . Thus, if the foreign firm’s unit cost does not depend on y, then neither does ¢ .. This result
is, however, not true for a general demand function, where the presence of spillovers re-establishes a general
link between tariffs and R&D.

'® A sufficient and standard procedure that we apply to solve for a time-consistent tariff is the concept of
subgame perfect equilibrium (see Fesrthman,1989).
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We now briefly characterize the optimal tariff, unit cost reduction and social
welfare in the C regime, free-trade, and first-best framework and then make relevant
comparisons across the regimes.

a) The commitment regime

The maximization of (3) with respect toy gives the first—order condition that
determines the optimal y (but now as a function of the tariff):

2 2
5((/1—0!+(2—ﬂ)y)(2—ﬁ)+(2—ﬁ)(A—a+(2—ﬂ)y+t))=;y- ©)
Label it as y,(t) and the explicit value of unit cost reduction is now

. _ (Z(A—a)+t:)(2—ﬂ)g.

10
‘ 9-2g(2-p)’ (19

Straightforward substitution of y, (¢) into the social welfare function yields the government
objective function W, (y,(t,),t,) to be maximized in the first stage. Setting dW, /dt =0
yields the optimal tariff ¢, and then it is straightforward to calculate the optimal social
welfare in the C regime as a function of the model parameters (see Appendix 2 for
optimal values expressed in model parameters). The restriction on g and 3 makes sure that
the tariff ¢, lies between zero and the corresponding predatory tariff ¢ b
b) Free Trade

As for the free-trade regime, it is equivalent to precommitting to zero tariffs, so

obtaining the respective comparable equilibrium values (that we label with subscript “ft’*)

is straightforward (see Appendix 3 for the optimal values expressed in model parameters).

¢) The first-best outcome
Recall that in the first-best setup the government can select all three available

instruments: tariffs, export subsidies and R&D subsidies. Thus, the government would
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maximize Wﬂ, (s,5,,0) :H(.)+ S()+R()-T()-T,(.) with respect to s, sy and t. This

optimization gives the first-best R&D and the resulting social welfare as a function of the
model parameters (that we label with subscript “tb”; see Appendix 3 for optimal values
expressed in model parameters).

A conspicuous feature of our setup is that even in the first-best framework the
government may or may not be able to precommit to their output policies, s and t. The
direct consequence of this would be that the optimal value of all R&D policy instruments
under consideration will be different depending on that government’s commitment
capability. However, optimal tariffs, export subsidies, social welfare and optimal R&D in
the first-best framework would be the same irrespective of the government’s ability to

commit. We elaborate more on this in Section 6.

4.3. COMPARISON ACROSS THE REGIMES
a) Unit cost reduction and consequent R&D investment

We start with a comparison of unit cost reduction and consequent R&D
investment. The direct comparison reveals that the first-best setup yields the largest unit
cost reduction while the free-trade regime exhibits the lowest unit cost reduction. As for
the ranking of y in the NC and C regimes, it depends on the level of spillovers.
LEMMA 1

Unit cost reduction and consequent R&D investment in any of the regimes (NC, C,
FT) are below the corresponding first-best outcome. The optimal unit cost reduction is the

biggest in the NC regime provided that R&D spillovers are above a critical level of B'.(2).

The lowest unit cost reduction is in the regime of free trade. Thus yﬂ)* >y >y > y;

for B> B'(g). Moreover, B (g) < 0.05 irrespectively of the value of g, (see Appendix 4

for proof).
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The relationship between y.* and y,.* is not obvious a priori. On the one hand, the
government in the C regime can affect the socially insufficient level of R&D via tariffs,
stimulating investment that leads to a higher reduction in unit costs. However, this
“technological function” of tariffs is of a limited power due to its offsetting negative side
since an increase in tariffs leads to a price increase in equilibrium and thus has an adverse
direct effect on consumer surplus. On the other hand, in the NC regime the technological
function of tariffs is absent but the Northern firm has an additional, manipulative
incentive to invest in R&D in order to elicit a higher tariff from its government that would
in turn harm the foreign competitor by increasing its unit costs and thus be beneficial for
the domestic firm in both of its markets. This additional motivation to boost a firm’s R&D
investment, which is not present in the C regime, is aimed towards the domestic
government and not directly towards the foreign firm. Thus, roughly speaking, these
“manipulating” investments are therefore less vulnerable to spillovers. Consequently, the
overall R&D investment in the NC regime (that can conceptually be broken up into two
parts: strategic and manipulating R&D investment) is less sensitive to spillovers than the

corresponding R&D (and unit cost reduction) in the C regime (where there is only a

strategic effect aimed at the competitor). Indeed,

dy./dp|>|dy;./dp| for all B €[0.1] and
for all feasible g(B) (see Appendix 5 for the proof atf# =0). Moreover, the difference

between y. and y,_ is rather “small” at =0 so the crossing of y. and y, occurs at a

low level of spillovers.'”

Since a tariff ensures a larger market share for the domestic firm at both markets
compared to free trade, and thus enhances the firm’s incentive to invest in R&D, the

respective value in free trade, y , assumes the lowest value (see Appendix 4).

b) Tariffs in the C and NC regimes

'7 As a consequence of such different sensitivity, the switch from the top-dog strategy to lean and hungry
look strategy occurs at a larger level of spillovers in the NC regime than in the C regime.
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As for tariffs in the two “tariff” regimes, they are generally different due to the
somewhat different functions that they perform. Namely, a distinctive characteristic of the

tariff in the C regime is its "technological function". The committed government that sets

the tariff, ¢,, takes into account the tariffs impact on the subsequent choice of the

domestic firm’s R&D (note that dy,/dt >0). Thus, ., besides its profit shifting role,

also has the function of stimulating R&D investment and the more so the larger the

efficiency of the R&D investment. Since ¢, increases in g (note that ¢, increases in g
only if B >0 but at a lower rate than ¢.), in the absence of a R&D subsidy, tariff .

assumes part of the R&D subsidy’s role and acts not only as a trade policy but also as an
industrial or technological policy instrument. This additional role of the tariffs in the C
regime indicates that their optimal values may exceed the optimal values of their
counterparts in the NC regime given that in the NC regime R&D investment is already in

place when the tariff ¢,_is set. So ¢, has no direct impact on the firm’s choice of R&D.

Moreover, it is straightforward to check that at 3 =0, the optimal NC and first-best tariffs
are close to each other for spillovers around zero (and equal to each other for =0, see
Appendix 6)

Finally, note that the tariffs in both regimes have an extra role to indirectly boost
domestic export (at the expense of the foreign firm) through inducing higher R&D. In
other words, we have here a typical Krugman “import protection as export promotion”
(see Krugman, 1984).

LEMMA 2
The optimal tariff in the C regime always exceeds the optimal tariff in the NC regime.

A straightforward comparison between the two tariffs reveals that ¢, <t for all

permissible values of g >0 and £ > 0. We, however, only prove that it holds for “small”

23



spillovers (see Appendix 6) because it would be sufficient for the purpose of the
upcoming social welfare comparisons.
Finally, it is also important to note that the appearance of spillovers triggers an

increase in optimal tariffs in both regimes with the corresponding increase being larger in

the C regime (thatis, d¢, /df > dt, /df >0at B=0;see Appendix 6).

4.4. SOCIAL WELFARE AND R&D SPILLOVERS: NON-COMMITMENT VERSUS COMMITMENT
REGIME

It is common wisdom in economics that there is a value in a government’s ability
to commit to its policy instruments. This value is reflected in the larger social welfare of
such a policy capability compared with the situation when this ability is absent. The
striking result here, however, is that this common wisdom ceases to be robust in our setup
as long as there is only a tiny dose of R&D spillovers.
Proposition 1

Social welfare in the non-commitment regime exceeds the social welfare in the

commitment regime as soon as spillovers exceed a rather small threshold level of B (g).
More specifically, W, >W. for a range of parameters g and [ determined by

g < g.,(B) (the threshold level of "' is obtained by inverting - g ., (f)). Social welfare

in free trade is always the lowest for all feasible values of the parameters (see Appendix
8).
In order to see why and how the appearance of spillovers leads to a change in

respective social welfare rankings, we have to disentangle the marginal effect of spillovers

¥

dw, (p)
d

on social welfare, , from its components. Differentiating W~ with respect to 3

yields:

24



dp o dB ot dB OB

where subscript i1 stands for either NC or C. From the previous section, we know that

t,.(B)<t.(P) and that dy; /df <0 with | dy_/dB | > | dv,. /dB | but y, <y. at f =
0. Furthermore, it is easy to check that W, <W. at 8 =0.

It is straightforward to show that the first part of the first term of (11) is positive
indicating that the firm’s optimal choice of y is below the first-best optimal level in both
regimes.'® This, in turn, implies that the whole first term in (11) is clearly negative.
Consequently, the presence of spillovers further exacerbates the socially insufficient level
of'y and thus negatively affects social welfare.

As for the respective magnitudes of the first terms in the two regimes, the adverse

* *

e Ve png We &
oy dp o dp

widens as P increases due to the higher sensitivity of R&D to spillovers in the

effect is larger in the commitment regime and the gap between

commitment regime (see Appendix 7).

As for the second term in (11), note that in NC regime, the whole second term
vanishes since the non-commitment tariff is set at the point where the negative marginal
effect of the tariff on consumer surplus and tariff revenue exactly balances the marginal

positive effect of the tariff on profit, that is, 6W, /ot = 0 holds. This is not the case in the

commitment regime where the optimal tariff is, like in the first-best framework, set at the

point where the government takes into account the tariffs’ influence on a firm’s R&D, that

is, W, dy + W. =0 has to hold. Since clearly W, &y > 0, the marginal effect of
oy dt ot oy dt

tariffs on social welfare has to be negative at the optimum in the commitment regime,

18 Evaluating the social marginal welfare, 0 W ;*/:0y, at the corresponding optimal values of t *and y;*,

[IPELRL)

indicates that OW;/0y>0 in both regimes where i={*“c”,”nc”}.
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implying 6, /0t <0 and indicating again that ¢, (f) <t. (/). Thus, the second term in

* *

t
(11) in the C regime, that is, 8lc d_,i?’ is negative (at least for “small” spillovers) since

dt./dp>0at f=0."

Finally, the third term in (11) is negative and of the same order in both regimes.
The corresponding negative effect of spillovers on profits slightly offsets the direct
positive effects of spillovers on consumer surplus and tariff revenue.”’ The difference
between these last effects in (11) in the two
regﬁ{:’l —a)(5 + 258) + 99 — 6F + 28F%)imes turns out to be negligible and thus of
second order.

Summarizing the above analysis, it turns out that the key to understanding the
intuition behind Proposition 1 stems mostly from the different sizes of the first effects of
(11) in the two regimes. The very appearance of spillovers has a bigger adverse effect on
R&D investment in the C regime due to its larger R&D sensitivity, causing the whole first
part of (11) to fall more in the C regime. On the top of that, the very appearance of
spillovers also triggers an increase in the commitment tariff and further exacerbates social
welfare (recall that this effect is not present in either the NC regime or in the first-best
framework). This effect is, however, of small size (see Footnote 19).

All in all, the very appearance of spillovers leads at the margin to comparatively
larger social costs in the commitment regime due to the rising tariff distortion and
decreased social gain from the technological role of the tariff (recall that optimal tariffs in

the NC and the first-best setup regimes are the same at B=0 and lower than tariffs in the C

' In the situation where the domestic firm earns profits on both markets, however, the second term in (11)
turns out to be negligible since it is the product of two small numbers.

0 If the domestic firm operated only on the home market, then the combined effects of spillovers would
overcome the negative effect on profit and the last term in (11) would be positive. Note that 0S;*/0p > 0
since an increase in spillovers increases total output ceteris paribus. Furthermore, OR;*/0B > 0 since, other
things being equal, an increase in spillovers increases the foreign firm’s output in equilibrium and
consequently tariff revenue.
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regime). More technically, dW, /df< dW, /df holds already at =0, suggesting that
there may be a critical level of spillovers beyond which social welfare in the non—
commitment regime starts to dominate its commitment counterpart. Moreover, if the
initial difference between W, and W, (when 3=0) is “small” enough, the reversal in the
rank of these two social welfares may occur at a level of spillovers already “close” to zero

and this indeed happens to be the case in our setup.

Given that the difference between the direct effects of spillovers on welfare in the
two regimes, OW, /03 —0W, /93, is negligible in the whole interval of B, the sufficient
condition for social welfare in the non-commitment regime to dominate its commitment

analog is that y,_ >y’ since ¢, ()<t (f). By continuity, of course, the critical point of

B at which W, =W, is already reached at the point where y,. < y_ still holds.

5. Third-market policies—export and R&D subsidies
5.1.NC VERSUS C REGIME: EXPORT SUBSIDIES, R&D AND WELFARE
As for to the third-market policy environment, the domestic and foreign firms’

profits are now respectively nested in these profit functions:

(1-s,)y°
Hd :(A_Q)qd+(A_Qe)qe_cd(qd+qe)+SQe_— (lza)
and I, =(A4-0)q, +(A-0.)q4 =<, (g, +q4) » (12b)
and the objective function that nests the government’s choice is now
5 * * %2
Wfb:Hd()+S (.)_Syy[ /g_sqe' (13)

In order to establish a valid comparison with home-market policies, we first focus

on simple second-best policies where only export subsidies are available (thus, s, = 0)

and we analogously define the commitment and no-commitment regimes (we attach to the
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relevant variables the subscripts in capital letters C and NC to distinguish them from the
analogous variables in home-market setup). Later on, we also briefly discuss the second-
best policy with R&D subsidies only.

Before turning to the analysis, recall that in the standard third-market approach,
the first-best policy mimics the behavior of the Stackelberg leader. In that case social
welfare coincides with domestic profit that is maximized if the domestic firm acts as a
Stackelberg leader (in other words, if the domestic firm happens to be the Stackelberg
leader then the optimal export and R&D subsidies would both be zero). This, however, is
not anymore the case since social welfare contains also consumer surplus and that has to
be taken into account in the selection of the optimal policy instruments.

Solving for the equilibrium in the two regimes, we obtain the equilibrium values
of R&D and the optimal export subsidies, and the corresponding social welfares in terms

of the model parameters (see Appendix 9).

5.2. COMPARISON ACROSS THE REGIMES

a) Export subsidies in the C and NC regimes

We start with a comparison of the optimal subsidies in the two regimes. Unlike in the
third-market case where the optimal subsidies in the NC regime always exceed their
counterpart in the C regime, this is not the case here.

LEMMA 3

The optimal C export subsidies exceed their NC counterpart as long as spillovers surpass

a particular threshold. That is, s, > SNC*, as long as g and f are such that g < g,(f).
Moreover, both optimal export subsidies fall monotonically in spillovers with s, being

more sensitive to spillovers than s,. (see Appendices 10 and 11 ).
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As for the optimal subsidies in the NC regime note that both the direct impact of

) ) . Os,
spillovers on the optimal subsidy ( ;NC

) and their indirect effect on it via R&D

*

Os v dv, . . Os . . . .
(iﬂ) are negative. The direct impact, (6—2C) , 1S negative since an increase in

oy dp

spillovers makes the export subsidy a less efficient instrument to shift profit so the

* d *
NC ﬂ) is also

. : . L 0.
optimal response is to decrease it. The sign of the indirect effect (2—
Y

negative because the manipulation effect in NC makes export subsidies an increasing

Ed

. . O . dy, .
function of R&D , that is, ZNC > 0, and since clearly Z—ZC < 0, we have unambiguously
y
that dsz*vc :édy:\/c +aS;vc <0.

dg oy df  op

This double negative effect does not appear in the C regime and so it makes the
NC export subsidies more sensitive to spillovers than is the case with the export subsidies
in the C regime.

Finally, note that in our setup export subsidies in both regimes have an extra role:
to protect the domestic market indirectly (at the expense of the foreign firm) through
inducing higher R&D. To paraphrase Krugman (1984), we have now “export promotion
as import protection”.

b) Unit cost reduction and consequent R&D investment in the C and NC regimes
LEMMA 4

The optimal unit cost reduction is the largest in the NC regime followed by the C

regime and then the FT regime. That is, yNC* > Yo > y; for all g €[0,1]. The position of

the optimal unit costs reduction in the first-best setup, y;b, depends on the level of
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spillovers and for spillovers large enough, it exceeds yNC*. More specifically, y;b >y NC*

when g and B are such that g < g, () (see Appendix 12).

Recall that in the standard third-market setup (see, for instance, Grossman and
Maggi, 1998; Neary and Leahy, 2000 and Zigi¢, 2007), export subsidies always lead to
overinvestment in both the C and NC regimes vis-a-vis the first-best social optimum
irrespective of the level of spillovers. This is, however, not the case in our more general
framework. As for the C regime, there is generally underinvestment in this regime (unless
R&D efficiency is large enough and the level of spillovers is zero or very close to it). As
far as the NC regime is concerned, even there spillovers large enough lead to
underinvestment from the first-best point of view irrespective of the R&D efficiency (see
Appendix 12).

The above differences vis-a-vis the standard third-market setup stem from the
mutual presence of both consumer surplus and R&D spillovers. In other words, with only
R&D spillovers but without consumer surplus in the welfare function, the outcome would
be like in a typical third-market setup. That is, R&D in both the C and NC regimes would
exceed the one from the first-best setup. Similarly, without (large enough) spillovers but
with consumer surplus in the welfare function, there will again be only a standard
overinvestment result in equilibrium.

The point is that both the presence of consumer surplus and increasing spillovers
tend to reduce and eventually overturn the overinvestment in R&D. First, the

manipulating behavior of the domestic firm is beneficial for consumer surplus since
oS d* /0y >0, so the social optimal level of R&D is clearly higher than in the standard

third-market setup. Yet even with consumer surplus considerations, manipulation
incentives are so strong that there is still overinvestment in R&D in the NC regime unless

spillovers are large enough. The appearance of spillovers dampens these manipulative
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incentives of the domestic firm due to its obvious disincentive to invest in R&D, and,
more importantly, because of their adverse effect on the optimal subsidy. Finally, as we

already suspected, there is always underinvestment in the free-trade regime.

5.3. SOCIAL WELFARE AND R&D SPILLOVERS: NC VERSUS C REGIME AND FREE TRADE

Before the comparison of the social welfares, recall the main findings of the
standard third-market setup: 1) social welfare in free trade exceeds the social welfare in
the NC regime when R&D efficiency is “large enough” and spillovers are “low enough”
and ii) social welfare in the C regime dominates its counterpart in the NC regime. As is
clear from Figure 1, both 1) and ii) can occur in the equilibrium in our integrated setup.

The most conspicuous finding in our setup, however, is that for spillovers large
enough, social welfare in the NC regime dominates not only social welfare in free trade
but also social welfare in the C regime (see Figure 1). Thus, for large spillovers, the
relation between the corresponding social welfares is the same as in the standard home-
market setup (see Zigi¢, 2007) and is in sharp contrast with the finding in the standard
third-market setup where social welfare in the NC regimes is always inferior to its C

counterpart.
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Figure 1

Proposition 2

Social welfare in the NC regime exceeds social welfare in both the free-trade regime and

the C regime when R&D spillovers exceed a particular threshold, " . More specifically,

WNC* > WC* > W; for a range of parameters g and f determined by g < g, (f) (see

Appendix 13).

Recall that an increase in spillovers not only dampens R&D investment but also
pushes down the optimal export subsidy in the NC regime. The NC subsidies are
manipulative, so they positively depend on the size of R&D. Since spillovers dampen
R&D, they also soften the manipulative incentives and lead to a decrease in the optimal
subsidy. Moreover, there is a direct negative effect of spillovers on s*yc since, as we
argued, an increase in spillovers makes the export subsidy a less efficient instrument.

Due to the above two negative effects, s*nc falls below its counterpart in the C
regime for spillovers large enough and so becomes closer to the first-best subsidy and thus
less distortionary. In the jargon of international trade, such a lower export subsidy causes

a smaller worsening of terms of trade and, ceteris paribus, is more beneficial for social
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welfare than the larger s*c subsidy. Thus, s,. <s. is a necessary condition for

W,. >W, tohold.
As for the sufficient condition, note that for spillovers large enough,
overinvestment gets milder and eventually disappears. Thus yNC* intersects y;b from

above at some point B when spillovers are large enough and, more interestingly, this takes

place in the region where g and B are such that g <g (/) 2! Note also that at the
intersection of yNC* and y;,, , we also have that s NC* = S;b. Thus, for WNC* > W, to hold
it is sufficient to have yNC* < y;b (see Appendix13) while for yNC* > y;b “close enough”
to y;b (given that s NC* <sp), WNC* > W, would also hold (see Appendix13).

An alternative and more direct way to explain the intuition that W,,. >W. for

large enough B is to look at the behavior of the elements of social welfare (profits,
consumer surplus and subsidy costs) when the level of spillovers changes. Note that for
zero or low spillovers and large R&D efficiency, the incentives of the domestic firm to
manipulate its government and elicit export subsidies are very strong. Besides the direct
effect on subsidy revenue, inducing large subsidies also helps to increase (net of
subsidies) the profit and market share of the domestic firm both directly and indirectly on
both the domestic and the foreign markets. Thus, without R&D spillovers (or when
spillovers are small) the profit is bigger in the NC regime than in the C regime. The
dominance of consumer surplus in the NC regime vis-a-vis the C regime is even more

pronounced since it holds irrespective of the level of spillovers because consumer surplus

is an increasing function in R&D and, as we know, yNC* >y for all B e[0,1]. What,

*! That is, all pairs of B and g are such that g = g,, (), and all these pairs are within the region where

WNC* > Wg holds (see Lemma 4 and Appendix 13).
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however, depresses social welfare in the NC regime so much that it might be even inferior
to social welfare in free trade are the huge social costs of subsidies measured in terms of
the subsidy expenditures of the government. The appearance of spillovers and their further
increase softens the manipulation incentives and, as we know, doubly induces a fall in
subsidy costs, both via the fall in y and via the fall in syc. After a particular level of
spillovers is attained, these costs fall below the counterpart in the C regime. The profits in
the NC regime, however, also fall faster in spillovers than in the C regime and become
lower than in the C regime after a certain level of spillovers is exceeded. Nonetheless,
when spillovers reach a level large enough, then a larger consumer surplus and lower

subsidy costs in the NC regime would more than compensate for the profit difference and
result in W, > W, ** Moreover, this occurs irrespective of the size of g, once spillovers

reach a level of 0.6 or higher (see Appendix 13).

As for the second-best policy with R&D subsidy only, it is well-known that it is
positive in a setup where both firms invest in R&D (see, for instance, Neary and Leahy,
2000 and Karp and Perloff, 1995). This is also the case in our setup. Moreover, since the
R&D subsidy is assumed to be the only available instrument in this case, it is larger than
in any other setup under consideration. The reason is that the R&D-subsidy-alone policy
takes over the role of the missing tariffs and export subsidies in order to improve both
domestic and export output of the home firm (profit shifting), besides correcting for
insufficient social R&D investment. It is a rather coarse instrument though, so it is no

wonder that R&D subsidies and consequently R&D investments are the largest in this

*? Note that much like in the case of subsidies, the necessary condition for WNC* > Wc* is that the subsidy
costs in the NC regime should be lower than in the C regime. Since y NC* > y; for all £ €[0,1], this

* *
condition is more restrictive than the condition S, < S, (see Appendix 13).
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simple setup exceeding R&D subsidies and R&D investments in all regimes as well as in

the first-best setup.”

6. The first-best policy versus the second-best policy

The second key topic that we now focus on is the robustness test of the sign of the
R&D policy instrument when passing from the first- to the second-best policy (or vice
versa). More precisely, the previous literature pointed to the non-robustness of the sign of
the R&D subsidies in the third-market setup when passing from the second- to the first-
best setup (see, for instance, Neary and Leahy, 2000). So it is well known that in that
framework (in the benchmark case of Cournot competition) the R&D subsidies are
positive in the second-best policy setup (R&D-subsidy-only policy), but then turn out to
be negative (R&D tax) when the first-best policy (export subsidy and R&D subsidy) is
implemented.

The situation in our integrated, intra-industry trade setup is, however, more
complicated since there is more than one second-best policy (in fact, there are five
second-best policies containing an R&D subsidy/tax). For instance, the simplest one is
where there is only a R&D subsidy, so passage to the first-best policy would imply adding
both tariffs and export subsidies. Equally interesting would be a second-best policy with
R&D subsidies and either tariffs or export subsidies so that passing to the first-best would
require adding only one instrument. Moreover, both of these two policies could come in
either commitment or non-commitment form.

Even the first-best setup is not uniquely defined. Given our assumption that the

government always pre-commits to R&D subsidies, tariffs and export subsidies can be

 In fact, the size of the optimal R&D subsidy is such that it would restrict the upper bound on g much more
than any other second-best policies or first-best policy in order for the duopoly to exist. Since we focus on
the output of second-best policies we ignore this constraint stemming from the R&D-subsidy-only policy.
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chosen either before the firm’s R&D choice (commitment case) or after it (non-
commitment case). Recall that the underlying framework of the first-best setup could be
represented as a four-stage game whereby the government sets an R&D subsidy in the
first stage. In the non-commitment case the domestic firm selects R&D in the second
stage, the government sets tariffs and export subsidies in the third stage and finally the
foreign and domestic firms compete in quantities in the last stage.”* The commitment case
is a similar four-stage game with the third and second stage reversed; that is, the
government commits to the export subsidies and tariffs in the second stage while the
domestic firm chooses R&D in the third stage.

To illustrate the robustness of the sign of the R&D subsidy in our setup, we take as
a point of departure the second-best policy that comprises R&D subsidies and tariffs so
the passage to the first-best setup would imply adding only export subsidies. Moreover,
we take the non-commitment version of this policy since it contains a manipulation effect
via the tariff that pushes investment in R&D upwards. Nonetheless, the R&D subsidy is
always positive for any level of spillovers in this setup (implying that it would also be
positive in the corresponding commitment regime since there is no manipulation effect in
this regime).”

As for the first-best setup, it is striking that the different sequencing (stemming
from the commitment versus non-commitment issue) may lead to a different sign of the
optimal values of the first-best R&D instrument. Of course, the optimal values of the first-
best R&D and social welfare are independent of policy sequencing and are the same in

both cases. On top of that, the size of the spillovers ultimately determines the sign of the

** As we already claimed, this timing reflects the stylized fact that it is easier for a government to commit to
an R&D subsidy than to output policies like export subsidies or tariffs (see Carmichael, 1987 and Leahy and
Neary, 2001).

3 Clearly R&D is always positive when the R&D subsidy is the only available policy instrument and it
turns to be always negative (R&D tax) when the second-best policy is the one with R&D and NC export
subsidy due to a very strong manipulation effect.
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optimal R&D instruments in these two setups. Thus if in the first-best setup both export
subsidies and import tariffs are set after the domestic firm’s choice of R&D (non-
commitment case), this would encourage the domestic firm’s manipulative behavior and
would result in overinvestment from the first-best point of view, unless the level of
spillovers is rather high. To prevent this, the government sets an optimal R&D tax to fully
offset such behavior so indeed the sign of the optimal policy instrument is not very robust
in the absence of government commitment (see Appendix 14). If, on the other hand, the
tariffs and export subsidies are set before the firm’s choice of R&D, then the manipulative
behavior is suppressed so the optimal R&D instrument will be in general positive (R&D
subsidies) unless spillovers are rather low. For zero or very low spillovers, however, the
R&D tax would be still optimal even if the government commits to both tariffs and export
subsidies, since both of these instruments, while targeted on foreign and domestic outputs,
respectively, have positive “side effects” on the firm’s R&D. Thus, the R&D tax is needed
to correct these effects when spillovers are low or zero (see Appendix 14).

Proposition 3

If in the first-best setup the government is able to commit to its output policies (tariffs and
export subsidies) and R&D spillovers are large enough, then the R&D subsidy is a robust
instrument given that it was positive in the considered second-best policy. If, on the other
hand, there is no government commitment to the output policies and spillovers are not
very large, then the optimal policy is the R&D tax and thus it is not a robust policy
instrument given that the R&D subsidy was optimal in the considered second-best policy

(see Appendix 14 for an illustration).

7. Conclusion

The third-market setup used to be a standard setup within a strategic trade policy

framework to study normative issues of government commitment and the robustness of a
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particular policy instrument. The typical policies used in this setup are export and R&D
subsidies. There are two conspicuous findings in this framework: 1) free trade can be a
better choice than an active policy (in terms of social welfare) for a government that has
no commitment capability and i1) R&D subsidies is not a robust policy instrument since it
is positive if it is the only policy instrument (second-best policy) but then turns out to be
an R&D tax when an export subsidy is added (first-best policy). Zigi¢ (2003) and (2007),
on the other hand, showed that these findings do not hold in the home-market setup where
the considered instruments were R&D subsidies and tariffs. More specifically, the social
welfare that the non-commitment government generates always dominates the social
welfare in free trade, while the R&D subsidy is always positive (either as the only
instrument or in combination with tariffs). Moreover, Zigié¢ (2003) and (2007) finds that
social welfare in the non-commitment regime exceeds social welfare in the commitment
regime provided that there is only a “small” dose of R&D spillovers.

The home- and the third-market setups cannot be, however, directly compared
since each has different free-trade and first-best policy benchmarks. So the main aim of
this paper was to develop an integrated platform that nests both the third- and home-
market setups and that provides us with a consistent comparison within and among home-
and third-market policies. For that purpose, we introduced intra-industry trade between
the home and foreign country that, in turn, enabled us to have a unique first-best and free-
trade benchmark.

We then stuck to the simple second-best policies, which we divided into home-
market (tariffs) and third-market (export subsidies) policies.’® In both situations the
government may or may not be able to precommit to its policy instrument. As for the

home-market policy, it turns out that a key relation among social welfares vis-a-vis the

%6 Recall that the standard second-best policy in the third-market setup comes in the form of export subsidies
while the home-market second-best policy appears in the form of import tariffs.
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government’s ability to commit remains qualitatively the same as in the standard home-
market setup. Namely, social welfare in the non-commitment regime exceeds its
counterpart in commitment regime as soon as a certain small threshold of spillovers is
surpassed. As for third-market policies, however, this is not quite the case. In that setup,
for spillovers large enough, social welfare in the non-commitment regime dominates not
only free trade but also the social welfare in the commitment regime. The reason for the
latter, as we saw, is that the optimal export subsidy, and consequently the subsidy costs in
the NC regime are lower than in the C regime when spillovers are large enough and at the
same time overinvestment in R&D is rather softened.

Finally, the government (in)ability to commit is closely related to the issue of the
robustness of the R&D policy when passing from the second- to the first-best setup and
that was not the case in the standard home- or third-market environment. If the
government is able to commit to its output policies, the optimal R&D subsidy remains
positive when passing from the first- to the second-best policy for any spillovers above a
rather small threshold. If, on the other hand, the latter is not the case, then the R&D
subsidy as an optimal second-best instrument turns into an R&D tax unless spillovers are
rather large.”” The intuition is that the lack of commitment would lead to incentives for
overinvestment in R&D and overproduction, and an R&D tax curbs these incentives.

Obviously, there is a whole range of other issues concerning the plausible and
possibly important second-best policies that we did not study here and that nevertheless
deserve attention. For instance, consider the policy in which the government has at its
disposal two policy instruments, export subsidies and tariffs, but cannot make a

commitment to either of these instruments. The manipulation incentives are now twofold

27 Although we use a simple, specific model, we manage to illustrate the opposing forces at work that would
tilt in one or the other direction of the sign of the R&D subsidy (tax). Changing the functional form is likely
to change the specific threshold but it would keep the main insights intact.
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since the domestic firm’s profits increase in both tariffs and subsidies, and the optimal
values of both instruments in turn increase in the firm’s R&D investment. Consequently,
we can expect large overinvestment and overproduction from the first-best point of view
unless spillovers are very high. (Indeed, overinvestment and overproduction is even larger
than in the considered second-best policy where there is only the export subsidy and a NC
government). It turns out that the government in this setup could be better off if it could
constrain itself to only import tariffs provided that spillovers are not too large™
(irrespective of whether or not the government can precommit to such tariffs). The reason
for this result is a high subsidy bill that the above second-best policy with the two

instruments induces.

% An increase in spillovers, however, reduces these expenditures (via a decline in both optimal subsidies
and optimal R&D) and only for very large spillovers the policy with the two instruments would be superior
to the single-instrument policy with import tariffs only.
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Appendix 1: Viability of duopoly—feasible values of g and 3

For duopoly to exist in any setup under consideration, it is crucial for the output of
the foreign firm to be positive on both home and foreign markets.

1) For R&D spillovers zero or small, the most restrictive condition for duopoly to
exist stems from the requirement that foreign output on the foreign market has to be
positive when the domestic government imposes export subsidies and lacks the ability to
commit. This is expected since for zero or low spillovers, the optimal NC subsidy is large,

leading to huge overinvestment in R&D and consequently to suppressed output of the

(A-s-a-y(1-25))
3

foreign firm on its own market. Evaluating q,(.) = at y=yy. and

9
132-p)1-p)

s =Sy, and solving q,(.) =0 for g, gives us the condition gm(p) =

(i1)) For a bit larger spillovers, the feasibility of duopoly stems from the

requirement that the foreign output (on the home market) in the first-best setup has to be

(A-2t-a-y(1-25))
3

positive. Thus, evaluating q;(.) = at y=y, and t=t,, and

8
22-5p8)1-p)

solving q;(.) =0 for g gives us the condition (B =

(ii1) Finally, for the rest of the spillover range, the most restrictive condition for

duopoly to exist stems from the requirement that q;(.) >0 when the domestic government
is able to commit to tariffs (C regime). Thus, evaluating q;(.) at y=y.and t=¢,, and

solving q;(.) =0 for g, gives us the condition

18

Ty Y IR T Ty
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The values of g >0 and 0< £ <1 that satisfy the above restrictions are defined
as the intersection of the regions g < g (), g < g, () and g<g ., (B) (see Figure
1A) that we refer to as the duopoly feasibility condition (fs)

g<8y (B = Min[g 41,8 5.8 s3] -

I3
s
15}
10¢
Elﬁ-//
. . , . - 2
00 02 04 06 08 1.0

Figure 1A
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Appendix 2: Optimal values of R&D, social welfare, and tariffs: the case of the home-

market policy
Non-commitment regime
Maximizing the social welfare function W (t(y),y)with respect to ¢ yields the

optimal tariff:

. A-a+
A

: ; 2A.1
nc y 3 ( )

while maximizing the profit function (see expression (8) in the main text) with respect to

y gives the optimal y’ :

s gA-a)42-17p)

Ve = . (2A2)
81—-g(72-(60-135)/)
Substituting y;c, back into (2A.1) yields the optimal tariff:
o (A-@)(27-2g(12-58)(1- ) 2A3)

81-g(72- B(60-13/3))

The restriction (fs) ensures that q; >0 and, consequently, that the tariff ¢, lies in the

interval 7, €(0,¢,).

By substituting (la) and (2a) into W (¢(y),y)one obtains the optimal social

welfare in the NC regime:
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(A= @)*(59049+ g*(1- B)*(16164— (13476—28135)3) —182(3816— (4380—11898)3)
o 1881-g(72—(60—13/)8))’ '

(2A.4)

Commitment regime

2(4-a)+1)2-Pg

(see expression (10) in the main text) into
9-2g(2-p)’*

Substituting y. (¢) =

the social welfare function yields the government objective function,

W (t)y=W.(y,(t,).t,), which is to be maximized in the first stage. Setting dW. /dt =0

and solving for ¢ yields:

o 3A-a)B81-2¢B33-g(7-55)1- )2~ ) ~308)(2 - p)) (2A.5)
¢ T729-g(2-p)612-2528—g(2- B)(127-(106-193)3)) '

Again, the restriction (fs) makes sure that ¢, € (0,7,).

The resulting optimal R&D is

)= g(A-a)(189-2g(37-17 B)(2-B)) (2- ) (2A.6)
¢ (729-g(2-B)(612-252 B+g(2- B)(127 - B(106-193))) '

Consequently, social welfare in the C regime is given by (6a):

(A=) (129-4g(97 ~11g(1= )’ 2= H~TIH)2 =) QA7)
¢ 2(729- g(2- B)(612 -2528 — g(2 - B)(127 - (106 —198) 8)))
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Appendix 3: Free-trade and first-best Setup: Optimal values of R&D, social welfare, and

policy instruments

Free Trade

The free-trade regime is equivalent to committing to zero tariffs and subsidies.

Thus obtaining the respective comparable equilibrium values is straightforward:

. _2g4-a)2-p)
YT 9 2g(2-p)? CA-D

and

_— 204-a)’(18—g(10-g(1- B’ 2= B)-88)2-B)) . (3A.2)
4 (9-2g(2-p)*)"

The first-best outcome

The government selects optimally all three available instruments: tariffs, export
and R&D subsidies. Thus, it maximizes W, (s,s,,t) =TI()+ S(.)+ R()-T()—T,(.) with

respect to s, s, and ¢. This optimization gives the first-best R&D:

. A-a)42-5
y o gU-a@2-5p) GA3)
72-g(72-5(12-58))
while the resulting optimal first-best tariffs and export subsidies are given as:
o 2AA=a)(12-g(12=58)1- ) A4

” 72— g(72-512-58)/)

and
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o (A-2)18+g(1-5)3+5p) (3A.5)
P 12— g(72-5(12-58)8) '

respectively.

The values of the optimal R&D subsidies depend on whether the government can or
cannot precommit to its output policies s and ¢ (see Appendix 14).

Finally, social welfare in the first-best setup is given by:

e = A= a)*(74-25g(1- %)
P2 -g(72-5(12-58)8)

(3A.6)
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Appendix 4: Comparison of unit cost reduction in the NC and C regimes in

the case of home-market policies

Solving ym,* —y. =0 for the critical value of g/(B) yields:

6483

& (6)= 24+ B(400-103(4 - B)B) ++/(2— B) (144 + 54080+ (76 + (15452~ 6527 5)B))

b

where g(P) represents an upper border below which ym,* > y. (see Figure 4A). Adding

the upper contour of the duopoly feasibility region, g ,(/), shows that there is a small
non-empty intersection (shaded area in Figure 4A) for which yc* >y, . The critical value
of f"(g) is obtained by inverting the function g.(/f). Note that irrespective of the value

of g, ync* > y_ for any P such that > 3/ where the value of B;" = 0.0458.

Using the same approach as above, it is straightforward to show that R&D is

always the smallest in the free-trade setup and always the largest in the first-best setup

*

irrespective of the level of spillovers. That is, the region of g and B for which yﬁ* >y,

obtained by solving yi* - y; =0 for g (where i= {“nc”,’c”, “fb”}), is an empty set.
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Appendix 5: Spillover impact on the optimal R&D at =0

dy’| |dy’
dy. | |dY

Direct comparison shows that for all feasible values of g and [ (that

is, g < g,(B)). The corresponding expressions are, however, long and non-transparent so
we only show that this relationship holds for small spillovers since it suffices for the

dy.
dg

d *
dye |

purpose of our analysis. More specifically, we show that at f=0 for all

g<g,(f=0)=0346.

Differentiating y. with respect to f and evaluating it at 8 =0 we obtain

dy.
dg

_ (A-a)g(137781-4g (31104 + (14463-14104g))) <0
o (729-4(306-127g) )’ |

Repeating the above procedure for y;. yields:

dy (A-a)g (17+16g)

= 5 <0.

dg (9-8g)

Define B(g)EdL—% at =0 .
dg| |dp

(17+16g)  (137781-4g(31104+(14463-14104 g) ))
(9-8¢) (729-4(306-127g) *
forall g < g, (f=0)=0.346

Thus, B = (4—a)g(2 )>0
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Appendix 6: The comparison of optimal tariffs in the C and NC regimes and spillover

impact on the optimal tariffs at f=0

Direct comparison shows that ¢z, > ¢, for all feasible values of g and B (that is,
g < g4 (B)). For the purposes of our analysis, it would be sufficient to show that t >t
around a “small” level of spillovers. That is, we show that ¢, >¢, at B=0for all

g<gx(B=0)=0346.

*

_3(4-a)(81-4g(33-14g))
=0 729 -4g(306—-127g)

_(A-a)
A=0 = 3 :

*

So t

C

and t

nc

*

B 44-a)g0-g)
£=0 nc

P20 7 3(729— 4g(306 - 127g))

It is now straightforward to see that t;

Note also that dr. /dg > 0due to its technological function while dt, /dg >0 only if

B> 0and its increase in g is always lower than dt, /dg .

Evaluating d¢, /dg and dt./dg at =0 gives

dt,|  (A-@)36(243-2g(27+62g)) 0
dg '*~° (729 - 2(612 - 254g)g)*

— vy - GAmE)ag(2I8eP-2g (ISPLT-28FBAg T R2B3g" D dtf1C _
dtc/dg (g =0) = (F29-2(612-254g g} and dg "= 0

Thus, for small spillovers the difference between t. and t,. widens as g increases. Note

that €. =0) =1, (8 =0) =D <5 -0).
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Finally, to prove that dt. /df >dt, /df > 0 at =0, we define the ratio

_dt;/dp

RACg. p) =~ 7,

and evaluate it at f=0. So, it has to be shown that

RA(g,f=0)>1 forall g<g,(f=0)=0.346. Thus

27(9-82)(22599-2 g (28917 -23754 g + 6256 g2))

RA(g,p=0)= >1 (see Figure 6A).

7(729-4g(306-127 g))°

135 [
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015 0
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Figure 6A
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Appendix 7: Proof that %G;V: iﬁ‘—%ag’” agjg‘ >0 at =0
y
o, dy.| _|ow,. dy,

First, define D as D(g,f) =

B ap| | @ dp| Mot ke m Appendix .

the expression for D is extremely long and it can be shown by simulation (or by graphical
representation, see Figure 7A1 below) that D is positive for all permissible values of § and
g. Therefore, we again prove that this holds for a spillover level around zero since this is

the relevant region under consideration. Thus, we have

oW, dy:(B=0)| (4-a)* (9-8g)(18-2¢)g(137781-2g(62208+28926g-28208g>)
A 3(729-2(612-254g) g)°

and

(oW, dve (B=0)| _ (4-)*2(9-2)g(17+16g)
| oy ap | 27(9-8¢)’

Now it is relatively straightforward to show that D(g,f=0)>0 for all

g < g,(B=0)=0.346 as can also be seen from Figure 7A2 below.
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Using graphical analysis, we can also show for the general case that % >0.
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Appendix 8: Comparison of social welfare in the C and NC regimes in the case of home-

market policies

To find the critical values of f and g beyond which W, > W, , we could solve
the equation W, — W, = 0 (expressed in terms of the parameters of the model, see

expressions (2A.4.) and (2A.7) in Appendix 2), for, say, the critical value of g, (,B ) and
then find the region of g and g for which w,. > W/, taking into account the viability
region of the duopoly. The critical value of 8" (g) is obtained by inverting g, (,B) This

approach, although feasible, gives an extremely messy solution. Since W,. surpasses W,

nc [&

at a rather small level of spillovers, a more elegant approach would be to find an

approximation of ,BW’(g) by linearizing W, and W, at f = 0. Let us label this

approximation as " (g) that is found by solving

*

, d
Wm(B=0)+B%

*

W |
ap "

b0 = W, (B=0)+p

Thus, £"(g)is given by:

(9-82)(9-2)g(729 - 4306 -127g)g)

P = 1504303 (6121413 — 2g(4736799 — 2g(1821825 — (682347 —96352g)g)))

The function g™ (g) is depicted in Figure 8A below. For all values of B such that
B> p (g), w,. > W, and this region is represented by the area above the curve
B (g) The critical value of spillovers is increasing in g . So the biggest value of " (g)
is obtained at the border of g = g ,, where g™ (gfsl)= 0.0221, while the exact value of

; in
1-52-p)

w. — W, =0, which yields ,Bw(g_m): 0.019. Thus, g™ (g) can be viewed as an upper

nc

the highest critical B can be obtained by substituting g =g, (f) =

border of 5" (g).
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Figure 8A
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Appendix 9: Optimal values of R&D, social welfare and tariffs: the case of third-market
policies

Non-commitment regime

Maximizing the social welfare function W (s(y),y) with respect to s yields the

optimal export subsidy, s ,

Sieae) =%(A—a+(2—ﬁ)ym), (9A.1)

while maximizing the profit function with respect to y gives the optimal y .,

. _13g(4-a)2-p) (9A.2)
N 36-13g(2- B) .

Substituting . in (9A.1) yields the optimal subsidy:

e = A @) (9A.3)

36-13g(2-B)*

By substituting (9A.2) and (9A.3) into W (s(y), y) one obtains the optimal social welfare

in the NC regime:

< (A=) (18813000130 Q= P)-T4P2-P) (55 4
2(36-13g(2- B)°)

Commitment regime
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Substituting the firm’s optimal R&D as a function of

2g¢(A-a+s)(2-p)

9-24(2 ,3)2 into the social welfare function yields the
- g -

subsidy y.(s.) =

government’s objective function in the form of W/ (s)=W,(y.(s.),s.). Setting

dWw/. /ds =0 and solving for s yields:

g A= @27 +222- PYOF-2e0-HC-B PN gp s,
‘ 481-¢(2= )’ 27-g(1-(10- §)B))

The resulting optimal R&D is

o = G- —4g1-25)2- P)2-f). OAS)
281-g2= )’ 27-g(1-(10- §)B))

Consequently, the social welfare in the C regime is given by (9A.7):

e (4=’ Q97-8g(11-g(1- )’ 2= f)-130)2= ) OAT)
8(81-2(2— )’ (27-g(1-(10- B))
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Appendix 10: The comparison of the subsidies in the C and NC regimes

Direct comparison shows that for spillovers small enough optimal subsidies in the

NC regime dominate its counterpart in the C regime. Solving s,. — s, =0 for the critical

value of gs(B) yields:

o ()= 3(76+ B(78— (180 — 618) §) — (2 — B)[2068 — (3704 — S(2004 + (1036 —179,8) 3)))

522-p)’(1- %)

5

where gs(B) represents an upper border below which s, > s}... Adding the upper contour
of the duopoly feasibility region, g (/) shows the area for which s, > s, (shaded area

in Figure 10A). The critical value of °(g)is obtained by inverting the function g (/).

Note that irrespective of the feasible value of g, it is necessary for B to be above 0.08 in

* . *
order for 5. to dominate s, .
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Figure 10A
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Appendix 11: Spillover impact on the optimal subsidies at =0

*

. d
el 1B for all feasible values of g and P (that

Direct comparison shows that

is, for all g such that g < g, (f). The corresponding expressions are, however, long and

non-transparent so we only show that this relationship holds for small spillovers. More

*

d *
specifically, we show that el dL,BC at p=0 for all g < g, (B =0)=0.346.

Differentiating s, with respect to f and evaluating it at =0, we obtain

ds,
dg

__3g2(A—a) (189-4g (63 -40g)) <0

p=0 (81-4g(27-7g))?

Repeating the above procedure for s, yields:

ds;c‘ __468g(A-a)
g 17~ (36-52g)*
dsi.| |ds;
Define E(g)zﬂ—i at =0 .
dg | |dp

39 2_g(189—4g(63-402g)))>0 for all g such
409-13g) 81-4g(27-7g))

Thus, E(g)=3g(A-a)(

that g < 0.346.
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Appendix 12: Comparison of unit cost reduction in the NC and C regimes in

the case of third-market policies

Solving y NC* — y,. = 0for the critical value of gr(B) yields:

108
20+(28=198)8— (2 - PIN-1772+ (380 +22333)

gn(P)=

implying that the set of g and  for which yc* > Yo is such that g > g, (). However,

the intersection with the feasibility region g <g,(f) is an empty set implying that

ch* > y.. forall g given thatg < gx(P).

The R&D in the free-trade regime is smaller than in any other setup. Since this is a

standard result, we only sketch the proof. Much like in the above proofs, it is easy to show
that the region of g and B for which y ﬁ* >y obtained by solving yl.* - y; =0 for g,
(where 1= {“NC”,”C”, “{b”}), is an empty set.

Finally, solving yNC* - y;b =0 for the relevant critical value of gra(B) yields

9(~10+21p)
131-5)2-5)3+5pP)

enough, the overinvestment effect disappears and R&D in the first-best setup dominates

(see Figure 12A below). Thus, for spillovers large

gr ()=

the R&D in the NC regime.

65



0.0

Figure 12A

66



Appendix 13: Comparison of the social welfare in the C and NC regimes in the case of

third-market policies

To find the critical values of. # and g beyond which W,. >W_, we have to solve
the equation W,.—W. =0 (expressed in terms of the parameters of the model, see
expressions (9A.4.) and (9A.7) in Appendix 9) for the critical value of g, (ﬂ) and then

g<g. (ﬂ) defines the region of g and g for which W, > W, taking into account the

nc

viability region of duopoly-condition (fs). The solution of W,. —W, =0 for g reduces to

the following equation:

-g(2-5) (6762 (2- )’ (1- B)* (1+ B)* -156 g (2- ) (1- p)(1+ ) (10+19 ) +
9(784+(740-611 ) B))=3888(2-7 f3).

The critical value of A" (g) is obtained by invertingg, (ﬂ) This approach gives,

however, an extremely messy solution so we focus on a graphical analysis.*’ Predictably,

for small g slightly above zero overinvestment and overproduction will not be so big, so

the dominance of W,. starts from spillovers that are not so large (more precisely, it

suffices for 3 to be around 0.3 for a g near zero). For larger g, however, the softening of

overinvestment and overproduction requires larger spillovers. Thus, for a level of g that is

0.91 or higher, the minimal required level of spillovers for W,. > W, to hold has to be
0.6 (see Figure 13A1). (These values are obtained by equating g .(8) = g, (ﬂ).)

Using the same procedure we can find the values of the critical value of g, (ﬁ)
beyond which W, > W; Thus, solving the equation W, —W; =0 for g gives the
region of parameters g < g, (ﬂ) for which W, > W; (see Figure 13A1). Again, we do

not present this in the text since the resulting expression is prohibitively large.

¥ Unlike the comparison of welfares in the case of home-market policies, using first-order Taylor

approximation would be rather imprecise since the relation between W, . and W. varies over the large

range of f and g.
67



478 _f"
S _.-
'/
P -
m(ﬂj o ""_,.-""
‘ (L} — 08 : l.l:ljg
Figure 13A1
4
1.5 -
1of
15 -
00 0.2 04 06 0z 1.0

Figure 13A2

Now we add three more curves onto Figurel3A1. The first one g (/) contains all
pairs of B and g at which s, =s,,. ; the second one g, (/3’) has all pairs of f and g at
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which T =T,. (where T, =s,q. and i={NC,C}) and the third one, g, (,B), has all
pairs of B and g such that y NC* = y;b (see Figure 13A2). As is clearly seen from Figure
13A2, both s, >s,. and T, >T,. are necessary conditions for W,. >W,, while
Ve < y;b is sufficient for W,. > W/ to hold. Moreover, by continuity W,. > W, holds

for  y,. > Vi that are  “close” to J{jq; . Also  recall that
. 1
Sve (Vne) = Z(A_a +(2—=f)yyc) and

* 1 * * *® %
SNC(yfb) :Z(A_a+(2_ﬂ)yfb) SO 84 =Sy when y,. = Y-

It can be shown by simulation that for each y,.(g*, ") such that y NC* > y;b and

Wy > W, , the Euclidean distance between the R&D in the NC regime and the R&D in

the first-best setup is smaller than the distance of the corresponding R&D between the C

regime and the first-best R&D. That is,

ae (€™ ) =y,(°. )

<|ye(e®.8)-y,(g". B)

for all  y,. > y;b such that

* * .
W > W, . The converse, however, is not true.

69



Appendix 14: The first-best R&D subsidy/tax and the government’s (in)ability to commit

to output policies

The optimal first-best R&D subsidies in the two considered scenarios of timing are
given as follows:
a) The first-best R&D subsidy when a government commits to both tariffs and export

subsidies before the domestic firm’s choice of R&D:

o _10-535+2g2- B)1-p)1+105)
e 3(—42+5p) '

~10+538
20-/2-p/HA+105)

So s, 4 >0 when g<g, (B)= and as seen from Figure

14A1, B has to be above 0.188 for this to happen (taking also into account the feasibility

region of B and g).
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b) The first-best R&D subsidy when the government sets tariffs and export subsidies

after the domestic firm’s choice of R&D:

o _138-1818+g(1- /)30 + B)(131-655)
yo s 9(-42+5p) '

1381818
(1= 8)(=30-B(131-65p))

and as seen from

So s;i e >0 only when g<g, (B)=

Figure 14A2, 3 has to be above 0.76 for this to happen (taking also into account the

feasibility region of 3 and g).
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