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This paper examines how price undertaking policies affect the product investments of firms in an
intra-industry trade model. We show that the dumping margin will decline if the products be-
come more differentiated. Under bilateral anti-dumping actions, relative to those under free
trade, the aggregate product R&D investment may either increase or decrease, depending on
the tolerable dumping margin set by the governments. By contrast, the aggregate product R&D
will definitely decline and theproductswill become less differentiated if only one government im-
plements anti-dumping actions.
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1. Introduction

In the real world, an anti-dumping policy is considered to be a mechanism that advances the interests of domestic producers.
Konings and Vandenbussche (2005) use panel data for about 4000 European Union (EU) producers that have been involved in
anti-dumping cases to estimatemarkups both before and after the filing of a case, and find that anti-dumping protection has both pos-
itive and significant effects on domestic markups. Anti-dumping policies also have potential impacts on the behaviors or strategies of
both domestic and foreign industries. For example, Dinlersoz and Dogan (2009) compare the relative merits of tariffs and antidump-
ing duties. Wu, Chang, and Chen (2014) investigate the welfare effects of anti-dumping duty and price undertaking policies. Anti-
dumping policies may also encourage foreign firms to engage in FDI (Belderbos, 1997; Blonigen, 2002; Belderbos, Vandenbussche
and Veugelers, 2004), change the cost-reducing R&D intensity of both domestic and foreign firms (Gao and Miyagiwa, 2005), or im-
prove their product quality (Vandenbussche and Wauthy, 2001).

Understanding a firm's R&D behavior has been an important objective of industrial organization. A substantial literature has
highlighted the welfare consequences of marginal-cost-reducing (process) R&D investment (see for example, Arrow, 1962;
Brander and Spencer, 1983; D'Aspremont and Jacquemin, 1988; Chang, Hwang, and Peng, 2013, among others). More recently, the
literature on R&D has started to center on product R&D and its link with process R&D (for example, Cohen and Klepper, 1996;
Bonanno and Haworth, 1998; Lin and Saggi, 2002, Symeonidis, 2003). In particular, Miyagiwa and Ohno (1999) find that temporary
safeguard protection can increase process R&D if the commitment to dismantle protection by policymakers is credible, butmay reduce
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R&D if they believe policymakers will extend protection. Haaland and Kind (2008) examine the industrial process R&D investment
and tariff competition between countries in an international setting. They show that trade liberalization generates more R&D and
that the policy competition between countries critically depends on the competitiveness of the market.

The empirical evidence has shown that anti-dumping policies often target R&D-intensive industries such as the electronics, prima-
ry metals, chemical andmechanical engineering industries (Niels, 2000). Thus it is important to investigate the R&D behavior of such
industries under anti-dumping policies. Gao andMiyagiwa (2005) is the first paper to investigate the impact of anti-dumping policies
on the cost-reducing R&D incentives of the protected firm and the constrained firm. Given an ad valorem transport cost, they find that
a unilateral anti-dumping policy decreases (increases) the cost-reducing R&D of the protected (constrained) firm.

However, approximately three-fourths of the R&D conducted by firms in the US is devoted to product R&D (Scherer and Ross,
1990). The current paper aims to fill this gap in the related literature and provide a theoretical rationale for the effects of price under-
taking actions on firms' product R&D. The product R&D setup in this paper is borrowed from Lin and Saggi (2002), who compare the
impact of the competition mode on firms' incentives to produce, whereas we investigate the effect of anti-dumping policies on the
product R&D incentives of firms. This paper also contributes to the literature on price undertaking policies in that we assume that
the governments can set a tolerable dumping margin against foreign firms. While existing studies on anti-dumping policies usually
treat the AD policy as a binary variable, inwhich case, if price undertaking actions are imposed, the dumpingmarginwill be complete-
ly eliminated andwhere the ex-factory prices are all the same. In our paper, we relax this assumption by assuming that governments
may not eliminate the dumping completely andmay instead implement amore amicable price undertaking action by imposing a tol-
erable dumpingmargin against the foreign firm. Thus, the foreign constrained firm can set its prices subject to this tolerable dumping
margin. This is a more general setup since it not only can discuss the case where antidumping policy eliminates full dumpingmargin,
but also can investigate the case where government aims to eliminate only the material injury.1

Although countries such as the US and Canada usually adopt anti-dumping duties as their instrument when dealing with the
dumping country, most EU anti-dumping filings are finalized with the acceptance by the EU of a price undertaking.2 The study
by Zanardi (2004) also shows that countries such as Japan, Finland, Sweden and South Korea make frequent use of price undertak-
ings.3 Besides, the dumping firm usually chooses to accept the price set by the authority rather than pay duties (Gao and
Miyagiwa, 2005). As a result, in this paper we mainly focus on the price undertaking policy.

We show that the dumping margin of each dumping firm declines as the products become more differentiated. Supposing that
both governments engage in anti-dumping actions with no tolerable dumping margin, the two firms will increase their product
R&D investments. However, this result will be reversed if the tolerable dumping margins are set at the free trade level. In other
words, relative to that under free trade, the aggregate product R&D investmentmay either decrease or increase, depending on the tol-
erable dumpingmargins. By contrast, the aggregate product R&Dwill definitely decline and the products will become less differenti-
ated if only one government implements an anti-dumping action.

The remainder of this paper is organized as follows. Section 2 introduces our basic (free trade) model. Section 3 investigates the
effects of bilateral anti-dumping protection on firms' product R&D incentives. Section 4 examines the effects of unilateral anti-
dumping protection on the optimal product R&D of firms. Section 5 concludes the paper.

2. The benchmark model

Assume that there are two countries, country H and country F, that host one firm each. The two firms, firmH and firm F, engage in
intra-industry trade in the twomarkets. The utility functions of a representative consumer in each of country H and country F are as-
sumed to be:
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U ¼ a qþ Qð Þ−1
2

bq2 þ 2rqQ þ bQ2
� �

þm;

U� ¼ a q � þQ�ð Þ−1
2

bq�2 þ 2rq � Q � þbQ�2
� �

þm;
wherem is the consumption of numeraire goods, the variables in the lower (upper) case are the actions taken by firmH (F), and those
with an asterisk are associatedwith country F.Moreover, the parameter r(≡b−k−K) expresses the degree of product differentiation,
ranging from zerowhen the goods are independent to bwhen the goods are perfect substitutes. Note that an increase in the degree of
product differentiation (a decline in r) shifts the demand curves for both firms outward. We assume that the two firms carry out
he EU applies lesser-duty rule (EU regulation 384/96), injury is measured by the smaller of the dumping and injury margins. Therefore, dumping margin may
lly eliminated if the injurymargin is lower than the dumpingmargin (Vermulst andWaer, 1991; Vandenbussche, 1995). Vermulst andWaer (1991) show that
f EU AD cases, the injury margin was lower than the dumpingmargin from 1980 to 1990. Finger (1993) also denote that five of the ten price undertakings ac-
nder Special ImportMeasure Act were intended to raise prices only enough to eliminate thematerial injury rather than to eliminate the full dumpingmargin in
during 1985 to 1989.
greed at the Essen Summit in 1994, these Agreements grant a preferential role for price undertakings (see, e.g., Annex IV to the Conclusions of the Essen
n Council 1994; Chapter IV, Article 34 of the European Agreement with Bulgaria).
ardi (2004) shows that, for the period 1881–2001, Japan accepted more undertakings, i.e., in about 60% of the cases, as did Finland and Sweden before their EU
rship (82% and 100%, respectively).
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product R&D, i.e., k ,K∈ [0,b/2], to make their products more differentiated based on the same cost function f(•) with f(0)=
0, f ' N0, f" N0, and f‴=0. From the utility functions, we can derive the demand functions in the two different countries as
follows:
4 The

Pleas
al Re
q ¼ a b−rð Þ−bpþ rP
b2−r2

;Q ¼ a b−rð Þ−bP þ rp
b2−r2

; ð1Þ

q� ¼ a b−rð Þ−bp � þrP�
b2−r2

;Q� ¼ a b−rð Þ−bP � þrp�
b2−r2

: ð2Þ
From Eqs. (1) and (2), we can derive qp=qp⁎⁎=QP=QP⁎⁎=−b/(b2−r2)b0, and qP=qP⁎⁎=Qp=Qp⁎⁎=r/(b2−r2)N0, where the
subscripts are used to denote partial differentiation. Given the above assumptions, the profit functions of firm H and firm F are
specified as follows:
π ¼ p−cð Þqþ p �−c−tð Þq �− f kð Þ; ð3Þ
Π ¼ P−c �−tð ÞQ þ P �−c�ð ÞQ �− f Kð Þ; ð4Þ
where t is the per-unit transport cost, and c and c* are the marginal production costs.
We proceed to investigate the R&D incentives of the two firms under free trade. The game in question encompasses two stages. In

the first stage, firmH and firm F determine their product R&D investments simultaneously. In the second stage, given the R&D invest-
ments, both firms compete in price terms in both countries. We shall solve for the sub-game perfect Nash equilibrium via backward
induction.

In the second stage, bothfirms determine their prices in country H and country F tomaximize their profit. By differentiating Eq. (3)
with respect to p and p*, and Eq. (4) with respect to P and P*, we can derive the first-order conditions for profit maximization for the
two firms as follows:
πp ¼ qþ p−cð Þqp ¼ 0; ð5Þ
πp� ¼ q � þ p �−c−tð Þq�p� ¼ 0; ð6Þ

ΠP ¼ Q þ P−c �−tð ÞQP ¼ 0; and ð7Þ

ΠP� ¼ Q � þ P �−c�ð ÞQ�
P� ¼ 0 ð8Þ
Given the linear demands, constant marginal costs and trade cost, the second-order conditions and the stability conditions are
satisfied. By solving Eqs. (5) and (7) ((6) and (8)) simultaneously, the domestic (foreign) equilibrium prices in the second-stage
are respectively p and P (p� and P�), where variables with a “bar” are the equilibrium associated with the free trade regime.4 By
subtracting Eq. (6) from Eq. (5) and Eq. (8) from Eq. (7) and then solving these two equations simultaneously, we obtain:
q−q� ¼ bt
b−rð Þ 2bþ rð Þ andQ−Q� ¼ −bt

b−rð Þ 2bþ rð Þ ð9Þ
It is apparent that the two firms have larger outputs in their home market than in their foreign market.
Moreover, by totally differentiating Eqs. (5) to (8), we obtain:
pr ¼ −
2b2Q þ 3brqþ r2Q

4b2−r2
b0; p�r ¼ −

2b2Q � þ3brq � þr2Q�
4b2−r2

b0; ð10Þ
Pr ¼ −
2b2qþ 3brQ þ r2q

4b2−r2
b0; P�

r ¼ −
2b2q � þ3brQ � þr2q�

4b2−r2
b0: ð11Þ
It follows that if the products are less differentiated, the competition between the two firms will become more intense and the
equilibrium prices will be lower.
se equilibrium prices under free trade are reported in Appendix A.
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We assume that the dumping margin is measured by the difference between the ex-factory export and home price of the
product.5 Thus, under free trade, the dumping margins for firm H in country F and firm F in country H, δ* and δ, may respectively
be derived as follows:
5 Acco
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δ� ¼ p− p �−tð Þ ¼ b2−r2

b
q−q�ð Þ ¼ bþ rð Þt

2bþ r
N0;

δ ¼ P �− P−t
� � ¼ b2−r2

b
Q �−Q
� �

¼ bþ rð Þt
2bþ r

N0:
ð12Þ
From Eq. (12), it is obvious that reciprocal dumping occurs and increases with the trade cost, t. By differentiating Eq. (12) with
respect to r, it is straightforward to show that ∂δ/∂rN0 and ∂δ*/∂rN0, which implies that the dumping margins decrease when the
two products become more differentiated. Besides, we can find that the dumping margins are not affected by the marginal product
costs, c and c*, which implies that the dumping margins are irrelevant to the process innovation of the two firms. Thus, we can
construct the following proposition:

Proposition 1. When two firms engage in intra-industry trade, the dumping margins will decrease if their products become more
differentiated. However, the dumping margins are not affected by the process R&D of the two firms.

The economic explanation for Proposition 1 is as follows. From Eqs. (1) and (2), it can be found that, other things being equal, the
demand for each of the two firms shifts outwards when their products become more differentiated. This outward-shifting effect is
stronger in relation to the firms' foreign demand than their domestic demand as each firm accounts for a smaller market share of
its export market than of its domestic market (i.e., q N q* and Q* N Q). Consequently, the gap related to the ex-factory prices for
each firm in the two markets decreases.

In the first stage, the two firms can determine their product R&D investments to maximize their profits. By differentiating Eq. (3)
with respect to k and Eq. (4) with respect to K, the first-order derivatives are as follows:
dπ
dk

¼ πppr
¼0

þ πp�p
�
r

¼0

þ πPPr
−ð Þ

þ πP�P
�
r

−ð Þ
þ πr

þ=−ð Þ

 !
rk
−ð Þ

− f 0

þð Þ
¼ 0; ð13Þ
dΠ
dK

¼ ΠPPr
¼0

þΠP�P
�
r|fflfflffl{zfflfflffl}

¼0

þΠppr
−ð Þ

þΠp�p
�
r|fflfflffl{zfflfflffl}

−ð Þ

þΠr
þ=−ð Þ

2
664

3
775rK

−ð Þ
− f 0

þð Þ
¼ 0; ð14Þ
whereπp ¼ πp� ¼ ΠP ¼ ΠP� ¼ 0 (by Eqs. (5) to (8)), rk=rK=−1, andπP ¼ ðp−cÞqPN0,πP� ¼ ðp �−c−tÞq�P�N0,Πp ¼ ðP−c �−tÞQp

N0, Πp� ¼ ðP �−c�ÞQ �
p�N0, πr ¼ ðp−cÞqr þ ðp �−c−tÞq�r , and Πr ¼ ðP−c �−tÞQr þ ðP �−c�ÞQ�

r , where qr, qr⁎, Qr, and Qr
⁎ can be de-

rived from Eqs. (1) and (2), and are as follows:
qr ¼
−bQ þ rq
b2−r2

;Qr ¼
−bqþ rQ
b2−r2

; q�r ¼
−bQ � þrq�

b2−r2
;Q �

r ¼
−bq � þrQ�

b2−r2
:

The first and second terms on the RHS of both Eqs. (13) and (14) are vanished based on the envelope theorem. The third and fourth
terms denote the positive competition effects in the domestic and foreign markets, respectively. If the products were more differen-
tiated, the competition between the firms in both markets would become less intense, and both firms would raise their prices,
resulting in higher profits. Thefifth term stands for the product differentiation effect, which is ambiguous. The last term is the negative
R&D cost effect. Those effects jointly determine the optimal R&D investments of the two firms. By solving Eqs. (13) and (14) simul-
taneously, we can derive the optimal product R&D investments for the two firms, k and K. Accordingly, the level of product differen-
tiation under free trade is r ¼ b−k−K , and the dumping margin for firm F (H) in country H (F) under free trade is
ðbþ rÞt=ð2bþ rÞ ≡ δ ðδ�Þ. The second-order conditions and the stability condition are assumed to be satisfied, which requires that d2

π=dk2b0, d2Π=dK2b0, and ðd2π=dk2Þðd2Π=dK2Þ−ðd2π=dkdKÞðd2Π=dKdkÞN0.
rding to Article VI of theGATT, dumpingoccurswhen the price charged in the exportmarket is below the ‘normal’or ‘fair’ value of the good. This definition of dump-
also be found in the EU regulation 384/96. If the market-generated prices are available, the US Department of Commerce (USDOC) and the EU usually measure the
gmargin based on the difference between the ex-factory foreign export price and the home price of the good (Blonigen and Haynes, 2002; Gao andMiyagiwa, 2005,
thers). However, the calculation of the dumpingmargin byUSDOC is usually not straightforward and revolves aroundhow theUSDOCmeasureswhat should be the
e of the product sold in the US (Blonigen and Park, 2004). In this context, price-based valuations of dumping margins are not the “normal” practice. In cases where
arket prices are inadequate or not available, the government bases the fair value on the sale prices in third-country markets. If the third-country prices are inade-
hen cost-based valuation of dumping margin will be constructed by using the investigated firm's manufacturing, selling, general and administrative costs
ers andVandenbussche, 1999; Tivig &Walz, 2000; Vandenbussche, Veugelers, and Konings, 2001; Falvey andWittayarungruangsri, 2006; andWu, Chang, and Chen,
ong others). To facilitate our analysis, we assume that the market-generated prices of the products are available.
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3. Bilateral anti-dumping protection

In this section,we suppose that both countries implement price undertaking actions against their foreign dumpingfirms. That is to
say, both firm H and firm F are subject to the policy of price undertaking when exporting their products to the foreign market. We
explore how the bilateral price undertaking actions affect the product R&D incentives of the two firms. All the model setups and
game structures are similar to those in the previous section, except that now both firm H and firm F face price undertaking actions
when determining their prices and their product R&D.

In the second stage, both firms determine their prices to maximize their profits subject to the bilateral price undertaking policies.
Therefore, firm H (F) is subject to the constraint p−(p*−t)≤v* (P*−(P−t)≤v) when determining its optimal pricing, where v* (v)
is the tolerable dumpingmargin set by country F (H).We assume that the tolerable dumpingmargins are effective, i.e., 0≤v; v � ≤δ ¼ δ�.
Accordingly, by utilizing the Lagrangian approach, the profit maximization problems of firm H and firm F can be rewritten as
follows:
6 The

Pleas
al Re
Max
p;p�;λ

L ≡ πþ λ v �−pþ p �−tð Þ½ �;
Max
P;P�;λ�

L � ≡Π þ λ � v−P � þ P−tð Þ½ �;
where λ≥0 and λ* ≥0 are the Lagrange multipliers. The first-order conditions of firm H and firm F are as follows:
Lp ¼ πp−λ ¼ q−λþ p−cð Þqp ¼ 0; ð15Þ

Lp� ¼ πp� þ λ ¼ q � þλþ p �−c−tð Þq�p� ¼ 0; ð16Þ

Lλ ¼ v �−pþ p �−tð Þ ¼ 0 ð17Þ

L�P ¼ ΠP þ λ� ¼ Q þ λ � þ P−c �−tð ÞQP ¼ 0; ð18Þ

L�P� ¼ ΠP�−λ� ¼ Q �−λ � þ P �−c�ð ÞQ�
P� ¼ 0; ð19Þ

L�λ� ¼ v−P � þ P−tð Þ ¼ 0: ð20Þ
By solving Eqs. (15) to (20) simultaneously, we can derive the equilibrium prices as follows6:
p ¼ p−
1
2

bþ rð Þt
2bþ rð Þ−v�

� �
;p� ¼ p � þ1

2
bþ rð Þt
2bþ rð Þ−v�

� �
;

P ¼ P þ 1
2

bþ rð Þt
2bþ rð Þ−v

� �
; P� ¼ P �−1

2
bþ rð Þt
2bþ rð Þ−v

� �
;

λ ¼ bþ rð Þt− rvþ 2bv�ð Þ
2 b−rð Þ bþ rð Þ ;λ� ¼ bþ rð Þt− 2bvþ rv�ð Þ

2 b−rð Þ bþ rð Þ :
From the above results, it is straightforward to show that the equilibrium prices for each firm are not affected by the tolerable
dumping margin set by their respective governments. Nevertheless, each firm's domestic (export) price increases (decreases) in
terms of the tolerable dumping margin with which it is faced.
detailed derivations of the equilibrium prices are presented in Appendix B.
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Substituting p, p*, P, P*, λ and λ* into Eqs. (1) and (2) yields:
Pleas
al Re
q ¼ qþ bþ rð Þ2t− 2bþ rð Þ rvþ bv�ð Þ
2 b2−r2
� �

2bþ rð Þ ; q� ¼ q �− bþ rð Þ2t− 2bþ rð Þ rvþ bv�ð Þ
2 b2−r2
� �

2bþ rð Þ ;

Q ¼ Q−
bþ rð Þ2t− 2bþ rð Þ bvþ rv�ð Þ

2 b2−r2
� �

2bþ rð Þ ;Q� ¼ Q � þ bþ rð Þ2t− 2bþ rð Þ bvþ rv�ð Þ
2 b2−r2
� �

2bþ rð Þ :
From the above equations, it is straightforward to show thatqþ q� ¼ qþ q�andQ þ Q� ¼ Q þ Q�, namely, the aggregate out-
put of each firm is unaffected by the price undertaking policies. The intuition behind this result is obvious. Given the linear de-
mand, the aggregate marginal revenue is also linear. In this context, the optimal total output is not affected by the pricing
strategies. Although this result has been proposed by Robinson (1933), she assumes that the market is characterized by a mo-
nopoly. We obtain a similar result under oligopolistic competition. Given the above discussion, we can construct the following
proposition:

Proposition 2. Given a linear demand and constant marginal cost, a price-undertaking policy has no effect on the total outputs of the
constrained and the protected firms.

We proceed to analyze the first-stage game. In the first stage, both firms determine their optimal product R&D levels. By substitut-
ing the equilibrium prices and outputs in the second stage into Eqs. (3) and (4) and utilizing Eqs. (9) and (12), the objective functions
of firm H and firm F can be rewritten as follows:
π ¼ π−
b 2bþ rð Þv � þ bþ rð Þt½ �

2 b2−r2
� �

2bþ rð Þ
bþ rð Þt
2bþ rð Þ−v�

� �
þ v � bþ rð Þt− rvþ 2bv�ð Þ½ �

2 b−rð Þ bþ rð Þ ; ð21Þ
Π ¼ Π−
b 2bþ rð Þvþ bþ rð Þt½ �
2 b2−r2
� �

2bþ rð Þ
bþ rð Þt
2bþ rð Þ−v

� �
þ v bþ rð Þt− rv � þ2bvð Þ½ �

2 b−rð Þ bþ rð Þ : ð22Þ
Eqs. (21) and (22) show the profit linkages of the two firms under both the free trade and price undertaking regimes. If the
governments set their tolerable dumping margin at v ¼ v� ¼ δ, then the last two terms on the RHS of Eqs. (21) and (22) will be
zero and the profits will degenerate to the free trade level, i.e.,π ¼ πandΠ ¼ Π. By contrast, the two firmswill suffer profit losses
if both countries implement price undertaking policies and aim to eliminate the dumping margins completely, i.e.,πðv ¼ 0; v� ¼
0ÞbπandΠðv ¼ 0; v� ¼ 0ÞbΠ. The intuition is straightforward.When both firms are subject to the regulation of price undertaking
policies, they can no longer carry out discriminatory pricing in the two markets, resulting in a lower profit level than under the
free trade regime.

By differentiating Eq. (21)with respect to k and Eq. (22)with respect to K, respectively, the first-order conditions for the two firms
are as follows:
dπ
dk

¼ dπ
dk

þ
b bþ rð Þ3t2− 2bþ rð Þ2v � b bþ rð Þvþ r2 v �−vð Þ

h i
2 b−rð Þ2 bþ rð Þ2 2bþ rð Þ2 −

v � bþ rð Þ2t− 2bþ rð Þ bvþ rv�ð Þ
h i

2 b−rð Þ2 bþ rð Þ2 −
brt2

2 b−rð Þ 2bþ rð Þ3
¼ 0; ð23Þ
dΠ
dK

¼ dΠ
dK

þ
b bþ rð Þ3t2− 2bþ rð Þ2v b bþ rð Þv � þr2 v−v�ð Þ

h i
2 b−rð Þ2 bþ rð Þ2 2bþ rð Þ2 −

v bþ rð Þ2t− 2bþ rð Þ bv � þrvð Þ
h i

2 b−rð Þ2 bþ rð Þ2 −
brt2

2 b−rð Þ 2bþ rð Þ3
¼ 0: ð24Þ
The second-order and the stability conditions are assumed to be satisfied. By solving Eqs. (23) and (24) simultaneously, we derive
the optimal product R&D investments, k and K, under price undertaking actions.
e cite this article as: Kao, K.-F., & Peng, C.-H., Anti-dumping protection, price undertaking and product innovation, Internation-
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By totally differentiating Eqs. (23) and (24), we obtain7:
7 Plea
8 We

Pleas
al Re
dk
dv

N0;
dK
dv

b0;
dk
dv�b0; and

dK
dv�N0: ð25Þ
The above comparative static effects imply that, other things being equal, a stricter price undertaking policy on the part of a
country weakens its domestic firm's R&D incentive but encourages its foreign firm to engage in more R&D.

We proceed to investigate the case where the foreign firm also implements an anti-dumping protection policy against the
domestic firm. Supposing that both governments set the dumping margin equal to zero (i.e., v=v* =0), by evaluating Eqs. (23)
and (24) at the R&D level under free trade (k ¼ k;K ¼ K), we obtain:
dπ
dk

					v¼v�¼0;k¼k;K¼K ¼ dπ
dk

þ
b b2 þ br þ r2
� �

t2

b−rð Þ2 2bþ rð Þ3 N0; and ð26Þ
dΠ
dK

					v¼v�¼0;k¼k;K¼K ¼ dΠ
dK

þ
b b2 þ br þ r2
� �

t2

b−rð Þ2 2bþ rð Þ3 N0: ð27Þ
From Eqs. (13) and (14), the first terms on the RHS of Eqs. (26) and (27) are zero given k ¼ k;K ¼ K. Therefore, Eqs. (26) and (27)
are definitely positive. This result implies that both firmswill increase their product R&D investment if the two governments carry out
price undertaking policies and set the tolerable dumping margin at zero. Thus, we can construct the following proposition:

Proposition 3. If both governments implement price undertaking policies to eliminate the dumping margins completely, then both firms
will engage in more product R&D. Therefore, relative to free trade, the two products become more differentiated under bilateral anti-dump-
ing protection.

By contrast, if the two firms set the dumpingmargin at the free trade level, i.e., v ¼ v� ¼ δ, from Eqs. (23) and (24) at k ¼ k;K ¼ K,
we obtain:
dπ
dk

					v¼v�¼δ;k¼k;K¼K ¼ −
brt2

2 b−rð Þ 2bþ rð Þ3 b0; and

dΠ
dK

					v¼v�¼δ;k¼k;K¼K ¼ −
brt2

2 b−rð Þ 2bþ rð Þ3 b0
This result implies that if both governments set the tolerable dumpingmargin at the free trade level, both firmswill engage in less
R&D than they would under free trade. This is because anti-dumping actions commit less intensive competition in the two markets,
thereby stifling the incentive of thefirms to engage in R&D.According to this result, we canfind that if the tolerable dumpingmargin is
large, AD policies may discourage firms' R&D which is in contrast to Proposition 3.8 Thus, we can establish the following lemma:

Lemma1. If both governments set the tolerable dumpingmargin at the free trade level, then both firmswill decrease their R&D investments.

Given the results in Proposition 3 and Lemma 1 and making use of intermediate value theorem, there exists a critical tolerable
dumpingmargin,v∈ð0; δÞ, at (above, below)which the total R&D investment under the bilateral price undertaking protection is iden-
tical to (lower, higher than) that under free trade. This result differs from that in Gao andMiyagiwa (2005), in which the total process
R&D will definitely increase, and has not been documented in the literature. In sum, we can construct the proposition as follows:

Proposition 4. Bilateral anti-dumping protectionmay increase or decrease the total product R&Dby an amount that is contingent upon the
tolerable dumping margin set by the governments.

4. Unilateral anti-dumping protection

In this section, we suppose that country H implements price undertaking actions against firm F, while country F does not imple-
ment an anti-dumping policy against firm H. We investigate the effects of such unilateral price undertaking actions on the product
R&D incentives of the two firms. All the model setups and the game structure are similar to those in the previous section, except
that now firm F faces a price undertaking action when determining its prices and product R&D.
se refer to Appendix C for the detailed derivation.
thank a referee for suggesting this discussion.
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In the second stage, firm F is subject to P*−(P−t)≤vwhile determining its optimal pricing. The profit maximization problems of
firms H and F are as follows:
9 The

Pleas
al Re
Max
p;p� π ¼ p−cð Þqþ p �−c−tð Þq �− f kð Þ;
Max
P;P�;λ�

L � ≡Π þ λ � v−P � þ P−tð Þ½ �;
where λ* ≥0 is again the Lagrange multiplier. Following the same process as that shown above, we are able to derive9:
p ¼ pþ r
4b

bþ rð Þt
2bþ rð Þ−v

� �
; p� ¼ p �− r

4b
bþ rð Þt
2bþ rð Þ−v

� �
;

P ¼ P þ 1
2

bþ rð Þt
2bþ rð Þ−v

� �
; P� ¼ P �−1

2
bþ rð Þt
2bþ rð Þ−v

� �
;

λ� ¼ 2b−rð Þ bþ rð Þt− 2bþ rð Þv½ �
4b b−rð Þ bþ rð Þ :
In the first stage, both firms determine their optimal product R&D levels. By substituting the equilibrium prices in the second stage
into Eqs. (3) and (4), the objective functions of firm H and firm F can be rewritten as follows:
π ¼ πþ r v−
bþ rð Þt
2bþ rð Þ

� �
r 2bþ rð Þv− bþ rð Þ 4bþ rð Þt

8b b2−r2
� �

2bþ rð Þ

" #
; ð28Þ
Π ¼ Π− v−
bþ rð Þt
2bþ rð Þ

� � 2bþ rð Þ 2b2−r2
� �

v−2b2 bþ rð Þt
4b b2−r2
� �

2bþ rð Þ

2
4

3
5: ð29Þ
Eqs. (28) and (29) show the profit linkages of the two firms under the free trade and unilateral price undertaking regimes. If
government H sets its tolerable dumping margin at v ¼ δ, then the last two terms on the RHS of Eqs. (28) and (29) will disappear
and the profits will be restored to their free trade levels, i.e., π ¼ π and Π ¼ Π. From Eq. (28) and (29), it can be derived that
∂π/∂vb0 and ∂Π/∂vN0, which implies that firm H gains while firm F loses if country H implements a price undertaking policy.

By differentiating Eq. (28)with respect to k and Eq. (29)with respect to K, respectively, the first-order conditions for the two firms
are as follows:
dπ
dk

¼ dπ
dk

þ
v bþ rð Þ2t−brv
h i
4 b2−r2
� �2 −

4b3 þ 8b2r þ 2br2 þ r3
� �

t2

4 b−rð Þ2 2bþ rð Þ3 ¼ 0; ð30Þ
dΠ
dK

¼ dΠ
dK

þ
v 2brv− bþ rð Þ2t
h i

4 b2−r2
� �2 þ

b b2 þ br þ r2
� �

t2

b−rð Þ2 2bþ rð Þ3 ¼ 0: ð31Þ
The second-order and the stability conditions are assumed to be satisfied. By solving Eqs. (30) and (31) simultaneously, we derive
the optimal product R&D investments, k and K, under unilateral price undertaking actions. By evaluating Eqs. (30) and (31) at the R&D
level under free trade (k ¼ k;K ¼ K), we can derive that if 0bv≤δ,
dπ
dk

					k¼k;K¼K ¼
v bþ rð Þ2t−brv
h i
4 b2−r2
� �2 −

4b3 þ 8b2r þ 2br2 þ r3
� �

t2

4 b−rð Þ2 2bþ rð Þ3 b0; ð32Þ
dΠ
dK

					k¼k;K¼K ¼
v 2brv− bþ rð Þ2t
h i

4 b2−r2
� �2 þ

b b2 þ br þ r2
� �

t2

b−rð Þ2 2bþ rð Þ3 N0: ð33Þ
It follows thatfirmHwill invest less, while firm Fwill investmore, in product R&D under a unilateral price undertaking policy than
under free trade. While this result is similar to that in Gao andMiyagiwa (2005), the causes are, however, very different. In their pro-
cess R&Dmodel, the ad valorem trade cost plays a very important role and the R&D incentives of the firms are mainly affected by the
detailed derivations of the equilibrium prices are presented in Appendix D.
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nonlinear cost saving effect. Price undertaking policies have no effect in their model if the trade cost is a specific one. In this paper, we
show that price undertaking policies are effective in terms of affecting the two firms even with a constant trade cost. This is because
thedumpingmargin changeswith product differentiation, and thus price undertakingpolicies alter the twofirms' incentives in choos-
ing their optimal product R&D levels. It is also worth noting that Miyagiwa and Ohno (1999) show that temporary safeguard protec-
tion can increase protected firm's R&D if the commitment to dismantle protection by policymakers is credible, but may reduce
protected firm's R&D if they believe policymakers will extend protection. Namely, our result is in contrast to (line with) Miyagiwa
and Ohno (1999) if the price undertaking policy is viewed by petitioners as temporary (a form of protection that can be extended
for many years through sunset reviews).10

In addition, by making use of Eqs. (32) and (33), we obtain
10 We

Pleas
al Re
dπ
dk

þ dΠ
dK


 �				k¼k;K¼K ¼ −
r −b 2bþ rð Þ3v2 þ bþ rð Þ2 4b2−2br þ r2

� �
t2

h i
4 b2−r2
� �2 2bþ rð Þ3

b0;
which implies that kþ Kbkþ K for anyv∈½0; δ�. That is to say, the total product R&D under a unilateral price undertaking policy is def-
initely lower than that under free trade. This result is interesting and has never been documented in the literature. We present this
result in the form of the following proposition:

Proposition 5. Suppose that the domestic government unilaterally implements anti-dumping protection against the foreign firm. The for-
eign firmwill engage in more product R&D but the domestic firmwill engage in less.Moreover, the total product R&D investment will be less
than that under free trade.

The intuition behind Proposition 5 is as follows. From Proposition 1, the dumping margin decreases as the products becomemore
differentiated. Thus, the foreign (home) firm has more (less) of an incentive to engage in product R&D to decrease (increase) the
dumping margin. The R&D-stimulating effect of the foreign firm is dominated by the R&D-stifling effect of the home firm owing to
the quadratic R&D cost function, resulting in lower overall R&D.
5. Conclusion

This paper aims to explore the effects of price undertaking policies onfirms' product R&D investments. A duopolistic intra-industry
model with differentiated products is employed. We show that the dumping margin is negatively related to product differentiation.
Thus, thefirmsdohave different incentives to invest in product R&Dwith andwithout price undertaking policies. Under bilateral anti-
dumping actions, the firms will increase or decrease their total product R&D, depending on the tolerable dumping margin set by the
governments. This finding is different from that in Gao and Miyagiwa (2005) in which the total cost-reducing R&D is increased by
bilateral anti-dumping actions. By contrast, if only one government implements a price undertaking policy, the firm subject to the
anti-dumping action will engage in more product R&D, but the protected firm will engage in less. This finding is similar to that in
Gao and Miyagiwa (2005), although the causes are very different. Their findings are sensitive to the setup of the trade cost, whereas
ours are not. Besides, we have also found that the aggregate R&D definitely decreases under unilateral anti-dumping actions, a finding
which has never been corroborated in the literature.

In this paper, we have assumed that there is only onefirm in each country, and that thefirms can only carry out product R&Dwhile
the governments implement price undertaking actions. For future studies, one could consider cases in which anti-dumping duties are
imposed or in which the firms are able to undertake both product and process R&D. This paper can also be extended to the case with
an endogenous market structure. It is hoped that this paper can shed light on this line of research and stimulate further studies.
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Appendix A

This appendix is provided to show the equilibriumprices under a free trade regime. Given the linear demand functions, by solving
Eqs. (5) and (7) ((6) and (8)) simultaneously,we can derive the equilibriumprices in country H (F) under free trade as follows:
Pleas
al Re
p ¼ a b−rð Þ
2b−r

þ b 2bcþ r c � þtð Þ½ �
4b2−r2

; P ¼ a b−rð Þ
2b−r

þ b rcþ 2b c � þtð Þ½ �
4b2−r2

;

p� ¼ a b−rð Þ
2b−r

þ b rc � þ2b cþ tð Þ½ �
4b2−r2

; P� ¼ a b−rð Þ
2b−r

þ b 2bc � þr cþ tð Þ½ �
4b2−r2

:

Appendix B

This appendix shows the equilibrium prices under a bilateral anti-dumping policy regime and their relationship with the respec-
tive prices under free trade.

Given the linear demand functions, by routine calculus, we can derive the equilibrium prices in the second-stage game under the
bilateral price undertaking policy as follows:
p ¼ a b−rð Þ
2b−r

þ b 2bcþ rc�ð Þ
4b2−r2

−
b−rð Þt

2 2b−rð Þ þ
v�
2
;

p� ¼ a b−rð Þ
2b−r

þ b 2bcþ rc�ð Þ
4b2−r2

þ 3b−rð Þt
2 2b−rð Þ−

v�
2
;

P ¼ a b−rð Þ
2b−r

þ b rcþ 2bc�ð Þ
4b2−r2

þ 3b−rð Þt
2 2b−rð Þ−

v
2
;

P� ¼ a b−rð Þ
2b−r

þ b rcþ 2bc�ð Þ
4b2−r2

−
b−rð Þt

2 2b−rð Þ þ
v
2
;

λ ¼ bþ rð Þt− rvþ 2bv�ð Þ
2 b−rð Þ bþ rð Þ ;λ� ¼ bþ rð Þt− 2bvþ rv�ð Þ

2 b−rð Þ bþ rð Þ :
By comparing the equilibrium prices with those in Appendix A, it is straightforward to show that:
p ¼ p−
1
2

bþ rð Þt
2bþ rð Þ−v�

� �
;p� ¼ p � þ1

2
bþ rð Þt
2bþ rð Þ−v�

� �
;

P ¼ P þ 1
2

bþ rð Þt
2bþ rð Þ−v

� �
; P� ¼ P �−1

2
bþ rð Þt
2bþ rð Þ−v

� �
:

Appendix C

This appendix shows the comparative statics of v and v* on k and K.
Totally differentiating Eqs. (23) and (24) yields:
dk
dv

¼ 1
D

−
d2π
dkdv

d2Π
dK2 þ d2Π

dKdv
d2π
dkdK

" #
N0;

dK
dv

¼ 1
D

−
d2Π
dKdv

d2π
dk2

þ d2π
dkdv

d2Π
dKdk

" #
b0;

dk
dv� ¼ 1

D
−

d2π
dkdv�

d2Π
dK2 þ d2Π

dKdv�
d2π
dkdK

" #
b0;

dK
dv� ¼ 1

D
−

d2Π
dKdv�

d2π
dk2

þ d2π
dkdv�

d2Π
dKdk

" #
N0;
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where
Pleas
al Re
D ≡
d2π
dk2

d2Π
dK2 −

d2π
dkdK

d2Π
dKdk

N0;

d2π
dkdv

¼
b2 þ r2
� �

v�
2 b2−r2
� �2 ≥0;

d2π
dkdv� ¼

− bþ rð Þ2t þ b2 þ r2
� �

vþ 4brv�
2 b2−r2
� �2 b0;

d2Π
dKdv

¼
− bþ rð Þ2t þ 4brvþ b2 þ r2

� �
v�

2 b2−r2
� �2 b0;

d2Π
dKdv� ¼

b2 þ r2
� �

v

2 b2−r2
� �2 ≥0:
Moreover, from the above comparative statics, it is derivable that:
d kþ Kð Þ
dv

¼ 1
D

d2π
dkdv

f ″ Kð Þ þ d2Π
dKdv

f ″ kð Þ
" #

¼ f ″

D

− bþ rð Þ2t þ 4brvþ 2 b2 þ r2
� �

v�
2 b2−r2
� �2

2
4

3
5;

d kþ Kð Þ
dv� ¼ 1

D
d2π
dkdv� f 0 Kð Þ þ d2Π

dKdv� f 0 kð Þ
" #

¼ f ″

D

− bþ rð Þ2t þ 4brv � þ2 b2 þ r2
� �

v

2 b2−r2
� �2

2
4

3
5:
Appendix D

This appendix derives the equilibrium prices under the regime characterized by a unilateral anti-dumping policy.
Under the linear demand functions, by routine calculus, we can derive the equilibrium prices in the second-stage game under the

unilateral price undertaking policy as follows:
p ¼ a b−rð Þ
2b−r

þ b 2bcþ rc�ð Þ
4b2−r2

−
3b−rð Þrt

4b 2b−rð Þ−
rv
4b

;

p� ¼ a b−rð Þ
2b−r

þ b 2bcþ rc�ð Þ
4b2−r2

þ
4b2−3br þ r2
� �

t

4b 2b−rð Þ þ rv
4b

;

P ¼ a b−rð Þ
2b−r

þ b rcþ 2bc�ð Þ
4b2−r2

þ 3b−rð Þt
2 2b−rð Þ−

v
2
;

P� ¼ a b−rð Þ
2b−r

þ b rcþ 2bc�ð Þ
4b2−r2

−
b−rð Þt

2 2b−rð Þ þ
v
2
;

λ� ¼ 2b−rð Þ bþ rð Þt− 2bþ rð ÞvÞ½ �
4b b−rð Þ bþ rð Þ :
By comparing the equilibrium prices to those in Appendix A, it is straightforward to show that:
p ¼ p−
r
4b

v−
bþ rð Þt
2bþ rð Þ

� �
;p� ¼ p � þ r

4b
v−

bþ rð Þt
2bþ rð Þ

� �
;

P ¼ P þ 1
2

bþ rð Þt
2bþ rð Þ−v

� �
; P� ¼ P �−1

2
bþ rð Þt
2bþ rð Þ−v

� �
:
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