N
N

N

HAL

open science

Vertical Differentiation, Uncertainty, Product R&D and
Policy Instruments in a North-South Duopoly

Julien Berthoumieu, Viola Lamani

» To cite this version:

Julien Berthoumieu, Viola Lamani. Vertical Differentiation, Uncertainty, Product R&D and Policy

Instruments in a North-South Duopoly. 2016.

hal-01285559

HAL Id: hal-01285559
https://hal.science/hal-01285559

Preprint submitted on 9 Mar 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01285559
https://hal.archives-ouvertes.fr

’
Qe ﬁWorI(ing Paper

LABORATOIRE D’ANALYSE ET DE RECHERCHE EN ECONOMIE ET FINANCE INTERNATIONALES

Vertical Differentiation, Uncertainty, Product R&D and
Policy Instruments in a North-South Duopoly

Julien Berthoumieu
Viola Lamani

LAREFI Working Paper N°2016-02

http://lare-efi.u-bordeaux4.fr

LAREFI
Université de Bordeaux
Batiment Recherche Economie — 1% étage
Avenue Léon Duguit — 33 608 Pessac



LAREFI — LABORATOIRE D’ ANALYSE ET DE RECHERCHE EN ECONOMIE ET FINANCES INTERNATIONALES

AUTHORS

Julien Berthoumieu, Larefi, Université de Bordeaux

Viola Lamani, Larefi, Université de Bordeaux

NOTICES

LAREFI Working Papers contain preliminary material and research results. They have been peer reviewed. They
are circulated in order to stimulate discussion and critical comment; any opinions expressed are only those of
the author(s).

Copyright LAREFI. All rights reserved. Sections of this material may be reproduced for personal and not-for-
profit use without the express written permission of but with acknowledgment to LAREFI. To reproduce the
material contained herein for profit or commercial use requires express written permission. To obtain
permission, contact LAREFI at cyril. mesmer@u-bordeaux4.fr.



mailto:cyril.mesmer@u-bordeaux4.fr

Summary

O 11 o 11Tt T o P 7
b C 1T 0 T=T = I o T 4 =TT o 10
2.1. SUCCESSTUI R&ID...coiiieeiitieeee ettt ettt e e e e e et e e e e e e e e e e s bt raeeeeeeeeesantasaeeeeeeeeannsrnneees 11
2.2. UNSUCCESSTUI R&D ..veeeiiiiceieeee ettt e e e e e ettt e e e e e e e e e saate e e e e e e e e e s ansraaaeeeaesennnnes 12
2.3. Choice Of R&D INVESEMENT........uiiiiiiee e e e e e e e e e e e e nrraaeeaaeeas 13
3.  Equilibrium with Linear Demand FUNCLIONS .......ccceiiiienniiiiinniinininiinieinieneseeses 13
O o] 1oV [T €T 41T o 16
4.1. PN oI Yo Yo o fl 1= o | R UURPR 17
4.2. A Production SUBSIAY ........uviiiiiii et e e e e e e aae s 18
4.3. FAN I B I U] o1 e 1Y SURUR 19
4.4, A QUAlItY SEANAAI ..o e e e r e e e e e e e nnraaeees 20
4.5. YN\ 1T 1T g 1010 g B o o o PP PSP PPPPPPPPPPPPPPPPPPPPPR 21
4.6. Yol [ qT o o] a fl @ [0 Lo - WP PP PP PPPPPPPPPPPPPPPPPPR 23
5. Welfare Analysis .....ccccceiiiiiiiiiiimnniiiiiniiiiiiniiiiiiiieisssiiieemsssiiemssssssiresassssssssssnn 26
5.1. General Framework under Free Trade .......ccoccveeeieiiiee ettt e e see e e e e e 26
5.2. (Dol U £ To ] o AP R R P OO PP PP PPPRPPPPPPPPPRRE 26
5.3. Optimal Policy Instruments under Numerical Simulations.........cccoccveeieiiiee e 28
[ 0o T4 T TU T [T ¥ =Ty 0 T T R 29
S Y ¢ o 1T T [ 30
A. Impact of an Import Tariff under General Forms for Demand Functions...........ccccceeeecvveeeennnee. 30
B. Impact of “At-The-Border” Policy Instruments on Expected Consumer Surplus............c......... 30
O VY E Y | =T N AN =1 1Y £] SRR 31



List of Tables

Table 1 — Economic Impact of Each Policy INStrumMeNnt .......c.eeeiiiiiieeciiee e

Table 2 — Evolution of the Northern Country’s Expected Consumer Surplus with an Import Tariff, a
Quality Standard, a Minimum-price and an Import QUOLA .........ceeveeiveiciiiieeee e,

Table 3 — Optimal Policy Instruments and Evolution of the Northern Country’s Expected National



List of Figures

Figure 1 — Evolution of the difference in profit md — th when ¢ varies ........cccoccvvvevieevinnnneeien, 15
Figure 2 — Evolution of the expected Northern consumer surplus when the R&D investment varies.. 16
Figure 3 — Structure Of the MOME] ......cccuviiii ettt e e are e e e e ar e e e e e nraea s 16
Figure 4 — Evolution of the Northern firm’s R&D Investment When g Varies.......ccccccvvivincieernieeninennns 25



Abstract

This paper analyzes the impact of several trade policy instruments on product Research and
Development (R&D) investment in a North-South duopoly where a Northern firm competes in prices
with a Southern firm on both markets. The Northern firm invests in product R&D owing to a
competitive disadvantage compared to the Southern firm which benefits from a lower labor cost. The
outcome of the R&D activity is uncertain. If successful, vertical differentiation occurs in both markets.
The Northern country’s government is the only one policy active and may implement the following
trade policy instruments: an import tariff, a production subsidy, an R&D subsidy, a standard of
quality, a minimum-price, and an import quota. The results show that the Northern firm’s R&D
expenditures increase with each policy instrument except for the import quota. The paper also
provides a welfare analysis in order to verify whether or not the Northern government is encouraged
to implement these policy instruments.

Keywords: Trade Policy Instruments; Product Research and Development; North-South Duopoly;
Vertical Differentiation.

JEL Classifications: F13, 030.



1. Introduction

In the aftermath of the global economic crisis when many developed and developing countries have
still not fully recovered, decision makers' attention is increasingly drawn to structural reforms needed
to raise their countries' competitiveness1 as one of the main drivers of economic prosperity.
Determining and implementing the right policies for improving competitiveness is a challenging issue
and has been for years, especially in high-income economies facing a growing competition from low-
income ones. According to the 2014-2015 Global Competitiveness Report Highlights2, economies
which have successfully managed to stay the most competitive “are able to develop ... and constantly
introduce new and higher value-added products and services into the market.” 3 Not surprisingly, the
majority of these economies have registered the highest Research and Development (R&D)
expenditures as percentage of GDP.4 Since process and/or product innovation is essential to
economic growth, determining whether high-income countries' governments can continue to support
their domestic firms' R&D activities becomes crucial. In light of the foregoing, the objective of this
paper is to evaluate the impact of several trade policy instruments on R&D investment. We also
examine the impact of these instruments on firms' profits, consumer surplus and public revenues. We
conclude our study by conducting a welfare analysis.

Product R&D influences features of finished goods such as quality. There is vertical differentiation.
Mussa and Rosen (1978) design an important model with product R&D and product quality. They

compare the levels of quality under two market structures: monopoly and competition. The main
conclusion is that producers sell less quality goods under monopoly compared to competition. Such a
result explains why the cost for consumers under monopoly increases with their taste for quality.
Prices are also higher under monopoly. Shaked and Sutton (1982) also study the choice of quality

under a theoretical model in which firms set, first, the optimal level of quality, and then, the optimal
level of price. Under duopoly, firms select different levels of quality, while they select the same level
when the number of firms is greater than two.

The economic literature has already studied similar issues by focusing on cost-reducing/process R&D.
It has been shown empirically that firms invest in both product and process R&D (Capon et al., 1992;

Landau and Rosenberg, 1992). Studies show that firms invest in product R&D at the beginning of a

product’s lifecycle, and invest in process R&D at the end (Utterback and Abernathy, 1975; Klepper,

1996). It explains why firms invest more in product R&D (Chenavaz, 2011). We, however, focus on

product R&D, which is more important than process R&D in countries such as Germany, the United
States, and Japan according to empirical data (Fritsch and Meschede, 2001; Nagaoka and Walsh,

2009).5 Product R&D is particularly higher than process R&D in high-tech industries like automobile
or electricity (Scherer and Ross, 1990; Fritsch and Meschede; 2001; Park, 2001; Toshimitsu, 2003; Jinji
and Toshimitsu, 2013). Nevertheless, there are relatively few studies related to our analysis (Park,

1Competitiveness (ininternational trade) may be defined as a measure of a country's advantage or disadvantage
in selling its products on international markets (Source: OECD).

? Source: World Economic Forum.

*The most competitive countries are: Switzerland, Singapore, the United States, Finland, Germany, Japan, Hong
Kong, the Netherlands, the United Kingdom and Sweden.

*Source: World Bank WDI.

>Fritsch_and Meschede (2001) note that product R&D accounts for 61 percent of all R&D expenditures for
German firms. Nagaoka and Walsh (2009) show that process innovations accounted for only 25 percent and 17
percent of all R&D projects in the US and Japan respectively.
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2001; Zhou et al., 2002; Jinji, 2003; Jinji and Toshimitsu, 2006; Jinji and Toshimitsu, 2013; Ishii, 2014).
These authors develop theoretical models of international trade with vertically differentiated

products. Their main objective is identifying optimal strategic product R&D policies. The economic
literature also studies the case of vertical differentiation under an asymmetric framework between a
high-tech firm from a rich country and a low-tech firm from a developing country (Das and
Donnenfeld, 1989; Park, 2001; Zhou, Spencer and Vertinsky, 2002; Moraga-Gonzalez and Viaene,
2005; Ishii, 2014).

Park (2001) designs a duopoly with a high- and a low-tech firm. They compete in Bertrand or Cournot
fashion on a third market. They produce vertically differentiated products, whose quality is
determined endogenously through product R&D investment.6 The main result of the paper is that the
governments' incentives targeting their domestic firms' R&D activities depend on the nature of
market competition. Under Bertrand competition, the optimal strategic policy is to tax (respectively
subsidize) the high-tech's (respectively low-tech's) firm product R&D. Results are reversed in case of
Cournot competition. Furthermore, the author discusses briefly the case when different instruments
are combined to serve the high-tech firm's government strategic policy. A combination of an export
subsidy and an R&D tax is demonstrated to be optimal. The model of Zhou, Spencer and Vertinsky
(2002) is very similar to Park (2001) in its framework and results regarding unilateral optimal strategic
product R&D policies. They extend the analysis by examining the governments' incentives when there

is policy coordination between the two countries. The authors find that when firms compete in prices,
the jointly optimal policy is to subsidize (tax) product R&D activities of the high-quality (low-quality)
producing firm. Under Cournot competition on the other hand, the optimal policy is to implement an
R&D tax in both countries. Nevertheless, empirical examples of R&D taxes are scarce (Audretsch and
Yamawaki, 1988; Gabriele, 2002; Impullitti, 2010).

While both of these papers' analysis applies to competition between firms with large asymmetries in
R&D costs, as it is the case for firms from developed and developing countries, Jinji (2003) studies
strategic product R&D policy choices in a third-market trade model in which domestic and foreign
firms are identical, facing the same product R&D costs. In his vertically differentiated duopoly
framework, the author shows that governments' optimal strategies involve different subsidy/tax
schedules which depend on the mode of competition. This result is qualitatively similar to Park (2001)
and Zhou et al. (2002) except for the high-quality exporter's identity which is undetermined. Either

firm can produce and export the high-quality good, so that its government will choose to tax or
subsidize its product R&D investment accordingly. Meanwhile, Jinji and Toshimitsu (2006) study

strategic product R&D policies when firms have asymmetric R&D costs. Their analysis differs from
Park (2001) and Zhou et al. (2002) since a small technology gap between firms is assumed. The quality

ordering is endogenously determined. The firm with superior technology produces the high-quality
good, while its competitor produces the low-quality one. This is achieved by implementing a firm-
specific subsidy schedule that depends on the nature of market competition.

Jinji and Toshimitsu (2013) extend previous studies by including a third exporting firm/country in their

model. Firms export their entire production to a fourth country. They have different R&D capabilities,
but their R&D cost functions are identical as long as their products qualities are below their R&D

®park (2001) assumes that the difference in terms of product R&D costs between firms is large enough so that
firms with lower quality improvement costs (high-tech firms) produce and export higher-quality goods
compared to low-tech competitors.



capabilities. Contrary to earlier studies, the authors find that the optimal strategic R&D policy is
influenced by the nature of market competition only in the case of the high-quality exporter.
Governments of the middle and low-quality exporters would respectively tax and subsidize their
domestic firm's R&D under both price and quantity competition. If firms coordinate, the joint optimal
R&D policies differ depending on the countries' coordination pairs and mode of competition. Finally,
Ishii (2014) develops a theoretical third-country trade model of price competition with less stringent
demand and cost functions. As opposed to his predecessor, Ishii (2014) finds that the optimal R&D
policy does not necessarily depend only on the mode of competition, given that in certain situations,
both governments' optimal policy involves a product R&D subsidy even when firms compete in
Bertrand fashion.

Contrary to the above mentioned studies, which focus primarily on determining the optimal strategic
product R&D policies, we explore the impact of a wider panel of trade policy instruments on product
R&D investment and welfare. These instruments are: an import tariff, a production subsidy, an R&D
subsidy, a minimum quality standard, a minimum-price, and an import quota. We focus on “behind-
the-border” policies such as subsidies and “at-the-border” policies such as import tariffs and quotas.
Currently, governments use “behind-the-border” policies more frequently for three reasons: (i) they
are a means to give domestic firms an advantage over foreign firms; (ii) they escape the notice of the
World Trade Organization (WTO) which is more effective in prohibiting instruments representing a
direct barrier against international trade flows; (iii) according to the WTO, import tariffs are bound
and cannot be increased above a certain level. Evenett (2013) describes the rise in trade policy
instruments as “protectionism’s quiet return” and mentions that “non-traditional forms of
protections still dominate crisis-era protectionism [p. 28].” Traditional forms such as tariffs represent
less than 40 percent of the protectionism measures implemented since 2008. Nevertheless, using the
example of the automobile industry in 2014, the European Union’s ad-valorem import tariff equals 10
percent.7 Furthermore, developed countries still implement import quotas in the automobile
industry. The number of quantitative restrictions in force on automobile vehicles imports in 2015 is 18
in Australia, 6 in Canada, 4 in the European Union, 12 in Japan, 8 in New-Zealand, and 7 in
Switzerland.8 Such high levels may legitimize the fact that we study the impact of an import tariff and
of an import quota.

We design a North-South duopoly where firms with asymmetric production costs compete in prices
on both markets. We assume that the Northern country's government is the only one policy active.
The Northern firm bears higher production costs and has an incentive to invest in product R&D. The
outcome of this investment is uncertain. If successful, the Northern firm produces a higher-quality
version of the same good compared to its Southern competitor. If the Northern firms' R&D outcome
is unsuccessful, then no quality improvement is implemented and the goods are horizontally
differentiated due to their different cost structure. Our modeling of product R&D uncertainty is based
on Bouét (2001). We believe it yields more realistic results, which is one of the contributions of our
paper to the existing literature. Our model involves a three-stage game. First, the Northern firm's
government selects the optimal instrument level by anticipating the Northern firm's product R&D
investment and levels of price. Second, the Northern firm decides on the product R&D expenditures
that maximize its expected profit. In the final stage, firms set their levels of price. Our framework

"Source: MAcMap HS6.
®Source WTO.



relates to the automobile industry in which Northern firms invest in product R&D in order to face a
growing competition from Southern firms that benefit from lower production costs.

The main finding of our analysis is that each policy instrument increases the Northern firm's R&D
expenditures except for the import quota. Therefore, a government whose only aim is to enhance
non-price competitiveness by encouraging product R&D investments should implement one of these
policy instruments. Nevertheless, the latter may have opposite effects on the expected consumer
surplus, public revenues and welfare. We illustrate this result through numerical simulations.

The rest of this paper is organized as follows. Section 2 describes the theoretical model. Section 3
presents an example under linear demand functions. Section 4 analyzes the impact of six different
policy instruments on the Northern firms' R&D investment. Section 5 conducts a welfare analysis and
compares the efficiency of the policy instruments. Section 6 concludes.

2. General Framework

We develop a theoretical model of international trade with product innovations in a North-South
duopoly with a firm from a Northern country and another from a Southern country. Each firm sells
one share of its output domestically and exports the other share to the foreign market. The Southern
firm has a cheaper labor force compared to its competitor. Assuming that the Northern firm is located
in a developed country, while its Southern trade partner is from an emerging country, considering
that the latter has lower labor costs is not unrealistic. The Northern firm has an incentive to invest in
Research and Development (R&D) and vertically differentiate its product since the Southern firm
benefits from a competitive advantage.

Such a framework relates to an empirical example, for instance the automobile industry. Firms export
their finished good to foreign markets. The North-South duopoly works because Northern automobile
firms face competition from Southern automobile firms. A significant example is Tata, an Indian firm
which sells on its domestic market and exports to Northern markets. The firm operates “in over 175
markets” and has “over 6,600 sales and service touch points”.’ The European Union represents an
important market. Maruti Suzuki is another good example. The competition from Southern
automobile firms is growing owing to lower production costs compared to Northern firms. The Indian
market symmetrically represents a great opportunity for Northern automobile firms like Renault and
Honda. For example, Renault sold 43,384 vehicles between January and April 2015.% It also launched
a new car model called “Kwid” for the Indian market on September 2015. Furthermore, the

automobile industry is a good example because firms invest in product R&D.

As we said previously, the economic literature shows that firms invest more in product R&D than in
process R&D in high-tech industries (Scherer and Ross, 1990; Fritsch and Meschede; 2001; Park, 2001;
Toshimitsu, 2003; Jinji and Toshimitsu, 2013). R&D expenditures are generally higher for Northern

firms compared to Southern firms. It explains why the quality of Northern automobile firms’ vehicles
is generally higher compared to those of Southern automobile firms. But a limit of our model is that
we consider a simple case in which the Southern firm does not invest in R&D at all. In our model, the
outcome of the Northern firm's R&D investment is uncertain. If successful, two different quality levels

%Source: Tata 69" Annual Report 2013-2014, p. 16.
10 . .
Source: The Economic Times.
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of the same commaodity variety are on markets. Goods produced by both firms are similar in terms of
quality, otherwise. Consider a probability of R&D success.

Assumption 1: There is Bertrand competition on each market. Firms select the optimal levels of price.

We denote by p,, (ps) the price set by the Northern firm on the Northern (Southern) market and x,,
(x5) the Northern firm’s domestic sales (exports). We also denote by p;, (ps) the Southern firm’s price
on the Northern (Southern) market and y,, (y5) the Southern firm’s exports (domestic sales). We use
the superscript d to denote the case of a successful R&D (i.e. with vertical differentiation) and the
superscript h, otherwise. For example, p¢ (p!) denotes the Northern firm’s price when the R&D
outcome is successful (unsuccessful).

Assumption 2: The probability of R&D success is denoted by @ with 0 < a@ < 1. The probability that
the R&D investment fails is (1 — a). The probability of success depends on the R&D investment level

denoted by r: @ = a(r). It increases with the R&D level: a (r) > 0. Nevertheless, the returns are

decreasing:a (1) < 0.

The economic literature has also considered decreasing returns for R&D expenditures (Spencer and
Brander, 1983""; Reitzes, 1991). A product R&D investment is an investment in knowledge. A good

example is labor training. The training focuses on developing the labor to ensure that the quality of
the output increases. In this case, decreasing returns mean that the marginal effect of training may
decrease over time. This assumption is really important since it influences a broad set of our results,
in particular the impact of any policy instrument on the Northern firm’s R&D.

Assumption 3: The total cost of the Northern firm’s R&D investment is vr, where v denotes the unit
cost of the R&D investment. The Northern firm faces such a cost regardless of the R&D outcome.

When no trade policy instruments are implemented, our model involves a two-stage game. First, the
Northern firm selects the level of R&D investment that maximizes its expected profit by anticipating
the levels of price. Second, each firm sets the levels of price that maximize its profit. The equilibrium
solution is obtained by backward induction from the second stage of price competition. We analyze
separately the case when the R&D outcome is successful, and subsequently when it is unsuccessful.

2.1.Successful R&D

First consider the case of a successful R&D investment. We use the superscript d for each variable.
Goods are vertically differentiated.

Assumption 4: Firms produce vertically differentiated goods. Each country’s consumer has a
preference for quality denoted by 8 that increases with the degree of differentiation of the good
produced by the domestic firm, denoted by ¢: 6 = 6(¢). To simplify the demonstration, consider
that the preference for quality is the same for each consumer in both the North and the South.
Demand for a given good depends therefore on prices and on such a preference for quality:
xd = x2[pf p;% 0(P)] ¥y = yi[pt pi% 6(¢)], Vi ={n,s} . The demand for the Northern

“For example, Spencer and Brander (1983) consider cost-reducing R&D expenditures. They assume that the
second derivative of total production costs with respect to R&D expenditures is negative.
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(Southern) firm’s product increases (decreases) with the degree of differentiation: axid/a(p >0,
ayt/a¢ < 0.

We denote by C¢ (C*?) the Northern (Southern) firm’s total production cost. Consider linear total
production costs functions such as marginal costs are constant. We denote by c? (c*) the Northern
(Southern) firm’s marginal cost. The level of ¢* does not depend on the R&D outcome.

Assumption 5: The Northern firm’s production cost depends on the degree of vertical differentiation.
Producing a high quality good is costly: 0Cd/6¢> > (0. The marginal cost also depends on the degree
of vertical differentiation and increases with it: ¢ = c%(¢),dc%/d¢p > 0.

The economic literature considers that quality improvement influences either variable costs or fixed
costs (Maskus et al., 2013; Cheng, 2014). Here we consider an endogenous variable cost for the

Northern firm. The cost of the last unit of output increases with its level of quality. The total cost
functions are the following:

= cU(P){xalpf, prt, 0(P)] + x¢[pd, ps?, 6(P)1} + gx& [pd, ps®, 6(P)] + F

C*? = c*{ytpg, pnt, ()] + ¥ pd, ps%, 0 (P} + g v [ph prt, 6 (P)] + F*

The parameters g and g* denote unit transport costs, and F and F* denote fixed costs. Introducing
transport costs is more credible for this model. Exports involve higher costs compared to domestic
sales. Such a transport cost depends on the geographic distance between countries. We introduce
fixed costs in order to integrate increasing returns.

1% (I1*4) denotes the Northern (Southern) firm’s profit with a successful R&D i.e. with vertical
differentiation. We have:™

né = pnxn +ps xs Cd(xrcli +x5d) —gxsd —F—wvr (1)

I = ppdyd + pifyd — c* (vt + y&) — g™, (2)

2.2.Unsuccessful R&D

Consider now the case in which the R&D is unsuccessful. We use the superscript h for each variable.
We denote by C" (C*") the Northern (Southern) firm’s total production cost.

The parameter c”* denotes the Northern firm’s constant marginal cost. According to Assumption 5, we
have: cd(ci)) > c". Consider specific linear functions for total production costs:

Ct = c"[xi(pnpi") + x5 (05 p5™)] + g5 (05 p5™) + F
Ch = c*[yr(ph i) + v (02 )] + gy (ol oi) + F*

Assumption 6: Each firm produces a similar quality product. But we introduce horizontal
differentiation in order to avoid a Bertrand paradox. Demand functions are: x/* = x/*(p!, pi"), y{* =

yih(pih,pfh), for each market i such asi = n,s. Domestic sales and exports decrease (increase) with

“To simplify profit expressions, we set: xi = xi{[pil, pi, 0(@)], 2 = x{[p, it (@], ¢ = e (), % =
yitlpm, 3% 0()], y& = y&pd, ps¢, 0(9)].
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the domestic (foreign) firm’s price: dx/*/ap! < 0, ax!/ap;™ > 0, ay!* /ap! > 0, ay!/ap;™ < 0.
Own effects are stronger than crossed effects: |6x{‘/6p{‘| > axl'/opi™, oyl /opl < |6yl-h/8p§‘h .

Profit expressions are the following:

Nt = phxl + phxl — ch(x,}{ + x?) —gxh—F—vr (3)
" = pltyy +pstyd —c*(vp +98) —g'yg — F° (4)
2.3.Choice of R&D Investment

Let us call E[.] the expectation operator with respect to the R&D outcome. We denote by 1 (7*) the
Northern (Southern) firm’s profit, fixed and R&D costs excluded: m =11+ F + vr, n* =11 + F*. We
also use the superscripts d and h for the two cases.

Assumption 7: The Northern firm is encouraged to differentiate its product with respect to the
product of its competitor. The Northern firm’s profit increases with the degree of differentiation:
dm?/d¢ > 0. The profit is stronger in case of a successful R&D: w¢ > ™. The Northern firm would
not be encouraged to invest in R&D, otherwise. We also consider that the marginal profit is stronger
when the R&D is successful: p? —c? > pl' — ", vi = {n, s}.

The Northern firm’s expected profit is:
EMM)] =a@at+[1—-a@)]a"—F —vr (5)

The Northern firm selects the optimal R&D investment level that maximizes such an expected profit.
From the First Order Condition, we have:

a'(r) =v/(f*—r") (6)

A simple interpretation of the previous equation stems from rewriting the Northern firm’s R&D
investment as a function of the difference in profit (ﬁd —ﬁh) and of the R&D unit costv:r =
Ylv, (% — 7")], withayp/a(f¢ — ") > 0,0y /dv < 0. Therefore, we can study the impact of
policy instruments on the R&D investment by analyzing their impact on the difference in profit.

3. Equilibrium with Linear Demand Functions

Let us use now linear examples for demand functions and total cost functions for an easier
demonstration. First consider the following function of consumers’ taste for quality on each market:

6(¢) = ¢n (7)

The parameter 1 denotes the sensitivity of the preference for quality with respect to the degree of
differentiation, with 0 < 1 < 1. Demands now depend on ¢7. For each market i, we set the following
demand functions:

_ { (ol pi") = a; — biplt + pi", ifp =0 8

x(pd, ;% ¢n) = a;(1 + ¢n) — by(1 — pn)pd + (1 + ¢pn)p;?, otherwise.

13



.h h’ fkh' =a; + h—b fkh"if =0
yi={ (ptpi") = a; + p — bipi™,if ¢ o)

y&(pf ot ¢n) = a;(1 — ¢m) + (1 — dn)pd — by(1 + pn)p;?, otherwise.

The parameter a;, Vi = {n, s} denotes the fixed share of demand functions that does not depend on
prices and quality. The parameter b;, Vi = {n, s} denotes the horizontal differentiation between the
two goods. We have: b; > 1. Under the unsuccessful case, each demand is more sensitive to the
domestic firm’s price compared to the foreign firm’s price. Under the successful case, the following
condition is necessary: b; > (1 + ¢n)/(1 — ¢n).

Note that in previous studies, authors first set a utility function to infer demand functions (Sutton,
1997; Symeonidis, 2003). Our methodology is reversed. We first set demand functions. The
expression of consumer surplus is then given by integrating the demand functions. The consumer
surplus increases with ¢pn (Mussa and Rosen, 1978).

Each firm selects the optimal levels of prices that maximize its profit. Under a successful R&D, we
have:

Ad _ an(@by+1)+2b2c(P)+bp(c*+g") +¢n[an(2by—1)—-2bkc($)+by (c* +g*)]
Pn (4b2-1)(1—¢n)

axd _ an(an+1)+and(¢)+2bn(C +9")— ¢n[an(2bn_1)+bncd(¢) 2bi(c*+g )]
Pn (4b2-1)(1+¢n)

d as(2b5+1)+2b52[cd(¢)+g]+b5c*+¢n[as(2b5—1)—2bsz(cd(¢>)+g)+b5c*]
s (4b2-1)(1-¢m) ’

svd _ As(2bs+D)+bs[cd(p)+gl+2bEc’ —¢n|as(2bs—1)+bs(c($)+g)+2bEc”] 10
bs™ = (4b2-1)(1+¢n) (10)
The Northern (Southern) firm’s prices increase (decrease) with the degree of differentiation. When
two goods are vertically differentiated, the higher quality good is more expensive. The difference in

price between the two goods increases with the degree of differentiation.
The levels of domestic sales and exports for each firm are:

od _ bn{an@by+1)—(2b3-1)c4($)+by(c*+g")+Pn[an(2by—1)+(2bi—1)c($)+bn(c*+g")]}
n = (4b2-1) ’

}A}d _ bp{an(@by+1)+byc(P)—(2b2-1)(c*+g")—dn|an(@by—1)+byc?(P)+(2b3-1)(c*+g)]}

n (4b3-1) ’
2d — bs{as(2bs+1)—(2b2—-1)[c?(P)+g]+bsc* +pn[as(2bs—1)+(2b2-1) (c4(p)+g)+bsc*]}

s (4b2-1) ’

~d _ bs{as(2b5+1)+b5[cd(¢)+g]—(2b52—1)c*—¢>n[as(2b5—1)+b5(cd(¢)+g)+(2b52—1)c*]} 11
Vs = (4-b52—1) ( )

The Northern (Southern) firm’s domestic sales and exports increase (decrease) with the degree of
differentiation. The Northern firm’s market share increases on both markets as compared to the
situation without vertical differentiation.

Finally, consider that each firm's profit equals the sum of the profit earned on the domestic market
and the profit earned on the foreign market: #¢ = &4 + #&; #*¢ = ;% + ;%. We have:
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sd bn{an(an+1)—(Zbrzl—1)cd(¢))+bn(c*+g*)+¢>7)[an(an—1)+(2b,21—1)cd(¢)+bn(c*+g*)]}2
n (4b2-1)" (1-0m)

bs{as(2bg+1)—(2b2—1)[c%(p)+g]+bsc*+pnlag(2bs—1)+(2b3-1)(c¥(p)+g) +bsc*]}

~d __

s (4b2-1)" (1)

ard — br{an @b+ 1) +byc(@)=(2b3-1)(c"+97) = n[an @by =D +bact(@)+(2b3-1) (¢ +g")]}’
n (ab2-1)*(1+¢m)

aed _ be{ag(2bs+1)+bg[c(p)+g]-(2b2—1)c* - Pnas(2bs—1)+bs(c(p)+g)+(2b2-1)c*]}’ (12)
rd —

(4b¢-1)%(1+¢m)

The Northern (Southern) firm’s profit increases (decreases) with the degree of differentiation.

Therefore, the difference in profit (¢ — ") is positive.

Under an unsuccessful R&D, we can find the equilibrium expressions of prices, outputs and profits by
setting ¢ = 0 and c%(¢) = c™.

Figure 1 illustrates a positive impact of the degree of differentiation on the difference in profit.

Figure 1 — Evolution of the difference in profit (7 — ") when ¢ varies
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Source: authors.
Note: We set: c%(¢p) =c"+¢,a, =40,a, =30,b, =b;=2,c"=6,c*=3,9g=9g"=1,F =
F*=0.

The Northern firm selects the optimal level of R&D investment that maximizes its expected profit by
taking into account the previous results. We know now the expressions of #%and 7. We use the
following function for the probability of R&D success:

a(r) =r¥with0<k<1 (13)
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Previously, we proved that the Northern firm is encouraged to invest in R&D because the difference
in profit increases with the degree of differentiation. Let us study now the impact on the Northern
country’s consumer surplus. As illustrated in Figure 2, the impact is negative for a low sensitivity  of
consumers’ preference for quality improvement (for example if n = 0.2). The lower 17, the lower the
consumers' preference for quality. Since vertical differentiation increases the Northern firm's price,
the effect on the consumer surplus is then negative. The impact is positive, otherwise.

Figure 2 — Evolution of the expected Northern consumer surplus when the R&D investment varies
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Source: authors.
Note: We set: c*(¢p) =c"+¢,a, =40,a,=30,b,=b;=2,c"=6,c"=3,g=9"=1,¢ =
0.2,F=F*=0.

4. Policy Instruments

Let us study the impact of six policy instruments: an import tariff, a production subsidy, an R&D
subsidy, a quality standard, a minimum-price and an import quota. The Northern country's
government may justify the implementation of these instruments by the increasing competition from
an emerging country firm that benefits from a competitive advantage. Policy instruments aim to
enhance the Northern firm’s non-price competitiveness by increasing the probability of a successful
R&D outcome and to increase the Northern country’s national welfare. The structure of the model is
the following.

Figure 3 — Structure of the model
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The Northern country's government implements trade policy instruments that maximize the expected

national welfare. The expression of the national welfare is:
E(W) = E(IT) + E(CS) + E(PR) (14)

The term W denotes the Northern country’s national welfare; CS denotes the Northern country’s
consumer surplus; and PR denotes the governmental surplus i.e. public revenues. First, we look for
the equilibrium levels of price. Then, we evaluate the impact of each policy instrument on the R&D

investment.
4.1. An Import Tariff

Consider that the Northern country's government implements an import tariff. We denote by t the
specific tariff on the Southern firm’s exports. The Southern firm’s profit expression changes as

compared to free trade:

, { = iyl + pihyl — (i + yR) — (L + gy, ifp =0 (1s)

T =
' = priyd + pilyd — c*(yd + yd) — (¢ + g7y, otherwise.

The tariff is a further marginal cost for the Southern firm, its economic impact is the same as that of
an increase of g*. As a result, the levels of price on the Northern market increase. The tariff also
increases the Northern firm's domestic sales and profit, while it impacts negatively the Southern
firm's exports and profit. ** Total sales on the Northern market decrease, therefore the
implementation of an import tariff has a direct negative impact on the Northern country's consumer
surplus. These results hold regardless of the outcome of the R&D investment.

The Northern firm selects the optimal level of R&D that maximizes its expected profit by taking into
account the previous results.

Proposition 1: Under the specific functions, the Northern firm’s R&D investment increases with its
domestic government’s import tariff as compared to free trade.

Proof: Let us study the impact of the tariff on the difference in profit [#%(¢,n, t) — " (t)]. Note that
the derivative of the difference is the difference of the derivatives:

BWe note that there is no impact whatsoever on the Northern (Southern) firm's foreign (domestic) sales and
prices. An increase (decrease) of the Northern (Southern) firm's profit is therefore due to an increase (decrease)
of the profit earned on its domestic (foreign) market.
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d[ztent)-a"®)] _ da%ent) _ dat®)
dt dt dt

Furthermore, we already know that the Northern firm’s profit increases with the tariff regardless of
the R&D outcome. We can study the impact of the degree of vertical differentiation on the positive
impact of the tariff on the Northern firm’s profit. Then, we have to study the sign of the second
derivative d?%(¢, n,t)/(dtd¢). In this case, we analyze the impact of an increase in ¢ from 0 to 1
on dt%(¢,n,t)/dt. A positive result means that the positive impact of the tariff is higher when ¢p = 1
compared to the unsuccessful case when ¢ = 0.

To simplify the expressions, we set: ¢ = #2(¢,n,t). We have:

@ad bY@ (2n+|(dnd/de) (@) +n(1-pm |+ ém)

adg (b3 D)1-gm' /2 >0

The previous expression is positive because, from Assumption 7, we have: d&?/d¢ > 0. The other
terms are positive. Therefore, the vertical differentiation increases the positive impact of the tariff on
the Northern firm’s profit. It can be deduced then, that the difference in profit increases with the
tariff as compared to free trade. The Northern firm’s R&D expenditures also increase. The tariff leads
to a gain for the Northern firm such as the latter is encouraged to invest more to benefit from a
stronger gain. This can be explained by the intensity of competition from the Southern country. Since
the tariff reduces imports from the low-cost country, the Northern firm is encouraged to increase its
R&D investment in order to increase the probability of vertical differentiation and further reduce its
competitor’s exports. As a result, the cost of the tariff on the Southern firm's profit is greater in case
of a successful R&D, because the effect is all the more negative on its market share.

Nevertheless, we cannot demonstrate that these results hold under general forms for demand
functions. The effect of the tariff on the difference in profit is always positive under any other linear
form for demand functions. But under nonlinear forms, the results are unknown.*

The positive impact of the import tariff on the Northern firm’s product R&D investment relates to the
positive impact on process R&D investments illustrated in the economic literature (Krugman, 1984;
Reitzes, 1991; Bouét, 2001). The tariff involves a profit-shifting from the South to the North. Such a
profit-shifting is greater when the R&D is successful. The Northern firm is therefore encouraged to

innovate. Then, governments may improve their domestic non-price competitiveness by
implementing trade policy instruments like tariffs.

4.2. A Production Subsidy

Consider now that the Northern country's government decides to subsidize the Northern firm’s
output (its domestic sales and exports). We denote by s the specific production subsidy. The Northern
firm’s profit expressions change compared to free trade:

_ nh = p,’{xf{ + pﬁ‘xé‘ — (ch + s)(xf{ + xé‘) — gx?, ifp=0
T=3 4 (16)
T

= pdxd + plxd — (cd + s)(x,‘f + xsd) — gx&, otherwise.

Ysee Appendix A.
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In contrast to the specific tariff, the implementation of a production subsidy has repercussions on
both the Northern and Southern markets. Its economic impact is the same as that of a decrease of
the marginal cost for the Northern firm. This results in a drop in prices on both markets. While, the
impact of the subsidy on the Northern firm's output and profit is positive, its Southern competitor's
levels of domestic sales, exports and profit decrease. Nevertheless, the overall sales on the Northern
and Southern markets both increase. There is a direct positive impact on the Northern country’s
consumer surplus.

Proposition 2: The Northern firm’s R&D investment increases if the following condition were verified:
1- d)n)(dﬁid/dcp) > r)ﬁid. It decreases otherwise. Using numerical simulations, we only find cases
in which the effect is positive.

Proof: Since the derivative of a sum is the sum of the derivatives, we have:

d*r(pm.s) _ d*ag (pm.s) | d*Rd(@n.s)
dsd¢p ~ dsd¢ dsd¢

We denote by m;, Vi = {n,s} the Northern firm’s profit share earned on the marketi. Setting

¢ = =l (¢p,n, s) to simplify expressions, we have:

dzﬁéi _ b?/Z(ZDiZ_l)ﬁgl/z[(1—¢n)(dﬁ§i/d¢))ﬁ§i_l—n]
dsdg (4b?-1)(1-pm)1/2

Vi ={n,s}

The sign of the term in brackets is undetermined. Therefore, the impact of the subsidy on the
difference in profit is uncertain. The expression above would be positive if the following condition
were verified: (1 —q’)r))(dﬁfl/d(j)) >r)ﬁid. We offer the following economic explanation to this
inconclusive mathematical result. Following the implementation of the production subsidy by the
Northern country's government, both markets experience a fall in prices. The magnitude of the effect
is however, greater for the Northern firm. As a result, its domestic sales and exports increase. The
increase is even bigger when compared for example, to the case of a tariff implementation. As stated
previously, the main feature of vertical differentiation is the change in demand functions. In case of a
production subsidy, the increase of demand for the Northern firm’s good is such as the Northern firm
may be less encouraged to increase its R&D investment. Nevertheless, taking numerical values for
parameters, we always find a positive impact of the production subsidy on the difference in profit.
The Northern firm is generally encouraged to increase its R&D investment because the revenues of
the subsidy increase with the level of output. Such a level increases with vertical differentiation. The
effect of the production subsidy on the R&D investment is positive in this case, because the output
effect is stronger than the price effect.

4.3. An R&D Subsidy

Consider now the case in which the Northern country's government subsidizes its domestic firm's
R&D investment instead of its production. We denote by g such a specific subsidy that reduces the
total cost of R&D. The Northern firm’s expected profit changes compared to free trade:

E[l(r,0)] = a4+ [1 —a(®)]a" - (v —o)r (17)

The optimal R&D investment is now:
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(18)

1
k(7-7M)]|1-k
v—0

r(o) = [
The R&D subsidy does not directly influence prices and outputs. But there is an indirect impact by
influencing the Northern firm’s R&D expenditures and the probability of R&D success.

Proposition 3: The Northern firm’s R&D investment increases with its government’s R&D subsidy as
compared to the initial situation without subsidy.

Proof: The subsidy ¢ reduces the denominator of r(¢). Then, the R&D investment increases with the
R&D subsidy: dr(o)/do > 0. The Northern firm is encouraged to increase its R&D investment
because the total cost of R&D is lower.

4.4. A Quality Standard

The Northern country's government can decide to implement a quality standard on the domestic
market regardless of the outcome of the R&D. In this case, the introduction of a quality standard
gives the Northern firm a monopoly power on the Northern market if the R&D is successful, since its
competitor produces a lower quality good and does not meet the standard. Then, the demand for the
Northern firm’s product no longer depends on the Southern firm’s price. But if the R&D is
unsuccessful, there is no market in the Northern country.

We use the superscripts hs and ds for variables with the quality standard. Under the successful case,
we set v = 0in order to express p;%as a function of p¢. We deduce the following demand
function for the Northern firm’s product sold on its domestic market:

x35(pds, ¢m) = {an[bn (1 + 1) + 1 — ¢n] — (b7 — (1 — dn)p2}/b (19)

Prices and demand functions on the Southern market are unchanged. For example, xg still denotes
the Northern firm’s exports. The profit expressions are:

nhs = plhxl — (" + g)xl, ifp =0 20)

T =
% = Pﬁsxgs + p?x;i - Cd(xﬁs + xg) - gxg, otherwise.
L[ mh =yl -ty ifg =0
T =1 _wds _ xdyd _ od . (21)
' = ptyd — c*yd, otherwise.
With a successful R&D, the Northern firm’s equilibrium price of domestic sales is:
2_ d A (h2_ d

ﬁgs(@n) _ ap(by+1)+(bi—1)c%(P)+¢n|an(by—1)—(b2—-1)c*(P)] (22)

2(b2-1)(1-¢n)

Since there is no longer competition from the Southern firm, the Northern firm's price on its domestic
market increases as compared to free trade in case of a successful R&D investment. The monopoly
situation relates to a case in which the Southern firm sets a level of price of exports approaching
infinity. According to the reaction functions under the initial case without quality standard, the
Northern firm's domestic price increases with the Southern firm's foreign price: dp%/dp;¢ =
(1+ ¢n)/[2b,(1 — ¢pn)] > 0. This result entails that the Northern firm's domestic price is higher as
compared to the initial case.
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The Northern firm's domestic sales are:

fﬁls((f)' 77) — an(bn+1)_(brzl_I)Cd(¢)+¢77[an(bn_l)"'(brzl_l)cd(cp)]

2by, (23)

The Northern firm’s domestic sales also increase when a quality standard is implemented. By the
same reasoning as above we have: dx&/dp;® = (axﬁ/apr‘f)(dpﬁ/dpﬁd) + dxl/op;d =
(14 ¢n)/2 > 0. However, total sales on the Northern market decrease because the Southern firm

leaves the market and the domestic price increases.
Finally, the Northern firm’s profit earned on its domestic market equals:

~ds _ anbp+1)=(b3—1)c(p)+¢n[albp—1)+(bi—1)cd($)]
iy (p,m) = 4bp(b2—1)(1—¢m)

(24)

Given the monopoly situation, the Northern firm's optimal level of profit is greater as compared to
free trade, since the maximization process does not involve taking into account any constraints
regarding its rival firm. Moreover, the Northern firm sets a higher price and its marginal profit
increases. Its level of output is also stronger.

We now look for the impact of the quality standard on the Northern firm’s R&D investment. The
equilibrium level of R&D is given by:

. [@-ﬁ”]ﬁ (25)

Proposition 4: The Northern firm’s R&D investment increases with the implementation of the quality
standard.

Proof: The quality standard only increases the Northern firm’s profit if the R&D is successful. With an
unsuccessful R&D, such a profit decreases because there is no market in the North while the profit
earned in the South is the same as compared to the initial case. Then, the difference in profit
increases as compared to the initial case: (ﬁds — ﬁhs) > (ﬁd — ﬁh). The Northern firm increases its
R&D investment in order to increase the probability of R&D success, and then, to benefit from the
monopoly in the North with the quality standard.

4.5. A Minimum-Price

The quality standard is a prohibitive quota in case of a successful R&D. The Northern country's
government can also implement price restrictions. Consider a minimum-price such as the Southern
firm cannot sell its product on the Northern market with a lower price. We denote by p,,i, the
minimum-price for the Southern firm. The Southern firm’s profit expression is now:

To= *d ., d (26)

. { " = Py + D3y — (v + y8) — gy if g =0
¢ = pminyg +Ds"Ys — c*(y,? + ysd) - g*y,?,otherwise.

The Northern country's government can select two levels of minimum-price:

A relatively binding minimum-price such as: p;% < pmin < pi*. The minimum-price has only an
economic impact if the R&D is successful. The effect is null when the R&D is unsuccessful.
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A very binding minimum-price such as: P, > .. The minimum-price has an impact regardless of
the R&D outcome.

Note that there is a third case in which the minimum-price is not binding: ppin < Pi%. We do not
study this case because the effect of the minimum-price would be null. Only the Northern firm selects
the optimal level of price that maximizes its profit. Under a successful R&D, we have:

an+bncd(¢)+pmin+¢77[an_bncd(¢) +pmin]
2bp(1-¢p7) (27)

Dn (d)' n, pmin) =

The Northern firm's domestic sales and Southern firm's exports are respectively:

an—=bpc?(P)+Dmin+Pn|an+bnct(P)+Pminl
2

20 (P, 1, Dinin) = (28)

an(an+1)+bncd(¢) _pmin(Zbrzl_l)_d’n [an(an_l)"'and(d’) +pmin(2b121_1)]
2by

In (@, 1, Prmin) = (29)
The Northern firm’s domestic price increases as compared to free trade because prices are strategic
complements under Bertrand competition. Meanwhile, the Southern firm’s export sales decrease
with the minimum-price because its price of exports is higher as compared to free trade. Conversely,
the effect on the Northern firm’s output is positive even if its price increases. The minimum-price
increases the Northern firm’s market share.

The equilibrium profit shares earned on the Northern market are:

R A= () +Dmin+ dN[an+bnct(®) +Dmin])’
ﬂg((f), n, pmin) = { 4bn(1—[¢77) I (30)

{an(an+1)+bncd(¢) _pmin(2b121_1)_¢77 [an(2bn_1)+bncd(4’)+pmin(2brzl_1)]}(pmin_C*) (31)
2by

nt (., Pmin) =

The Northern firm’s profit increases with the minimum-price. The impact is also positive in case of an
unsuccessful R&D. However, the instrument reduces the Southern firm’s profit earned on the
Northern market, because the Southern firm cannot maximize its profit anymore.

Proposition 5: The Northern firm’s R&D investment increases with both a relatively and a very
binding minimum-price.

Proof: We consider two cases:

First let us study the impact of the relatively binding minimum-price. In case of an unsuccessful R&D
investment, the Northern firm’s profit is the same as under free trade. This profit increases as
compared to free trade with a successful R&D. Then, the difference in profit increases with the
relatively binding minimume-price.

Now let us study the impact of the very binding minimum-price. The Northern firm’s profit increases
as compared to free trade regardless of the R&D outcome. Since a relatively binding minimum-price
increases the difference in profit, we can derivate the Northern firm’s profit with respect to the
minimum-price and to the degree of differentiation. Setting &% = #%(¢,n, Pmin) to simplify
expressions, we have:
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a2ad  ad lanrrom)(drd/dg)ad n(+ema-on) )
dpminded [4by (1-pm)]/2

>0

The positive impact of p,y,;, on ¢ increases with ¢. Then, the difference in profit also increases with
the very binding minimum-price.

Therefore, the Northern firm’s R&D investment increases with the minimum-price as compared to
free trade. The impact is positive with both the relatively and very binding minimum-price.

4.6. An Import Quota

Let us study the impact of an import quota implemented by the Northern government. We have
analyzed the impact of a quality standard i.e. a prohibitive quota. But governments can also
implement traditional quotas. Consider a binding quota denoted by g that corresponds to the
maximum level of exports for the Southern firm. Studying the impact of a quota under Bertrand
competition is complex owing to demand functions that depend on each level of price. Under free
trade, when the R&D is successful, we can express the Southern firm’s price of exports as a function
of the Northern firm’s price of domestic sales and of the Southern firm’s exports:

vt = [(an +p3) (1 — ¢n) — y2]/[bn(1 + ¢n)]. Then, with a binding quota, we have:

Pt (pd, dn.q) = [(an + pr) (1 — ¢n) — q1/[by(1 + ¢7)] (32)

Such an expression is the Southern firm’s best-response to the Northern firm’s price of domestic sales
(Krishna, 1989). It also depends on the level of the quota, since the quota is binding. Then, the
Southern firm no longer maximizes its profit with respect to its price of exports. It only reacts to the
levels of pZ and q.

Integrating the expression of p;% in x4, we have:

x3(pa, dn,q) = {a,[by (1 + ¢n) + 1 — ¢yl — (1 — dpn) (b3 — Dpd — q}/by (33)

The demand for the Northern firm’s good on the Northern market no longer depends on the level of
the Southern firm’s price of exports because such a price is a response to the Northern firm’s price of
domestic sales and to the level of the quota.

The Northern firm’s profit expression is the same as in Equation (1) but x¢ now depends on the level
of the quota g. The Southern firm’s profit expression is now:

. d (34)

e { nh = qpy + sty —c*(a+y8) —g'qif g =0
n*% = qpd + pityd — C*(q + ysd) — g*q, otherwise.

The quota does not influence the outcome on the Southern market. On the Northern market, the
Northern firm selects the optimal price of domestic sales:

an(bp+1)+c%(P)(bE—1)—q+dn|an(bn—1)—c%($)(bi—1)]
2(b3-1)(1~¢n)

Pl q) = (35)

The Northern firm’s price of domestic sales increases with a binding quota as compared to free trade
owing to the drop in the competition from the Southern country.
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The Southern firm’s best-response is:

avdl _ an(2b3+bp—1)-q(2b3-1)-¢n[an(2b3-bn—1)+c*($)(b3-1)]
pri(dmq) = 2b, (b2—1)(1+¢7)

(36)

The Southern firm’s price of exports also increases with a binding quota as compared to free trade.

The Northern firm’s domestic sales equal:

o n(bn+1)_ d( ) brzl_l —q+ n(bn_l)"' d( ) b721—1
24 (1. q) =" s el “@Bo-1) (37)
The Northern firm’s domestic sales increase with a binding quota as compared to free trade.

Finally, the equilibrium profits on the Northern market are:

R (b +1)—c4($)(b2—1)—q+dn[an (by—1)+c4 () (b2-1)]}"
#4(mq) = e T (a-1)) (38)

2 (p,m.q) =
q{an(2b3+by—1)—2b, (b2 -1)(c*+g")—q(2b%—1)~¢n[an(2b3—bp—1)+c%(P) (i —1)+2by (bE—1)(c* +g")]}
2by(bi—-1)(1+¢n)

(39)

The Northern firm’s profit increases with a binding quota as compared to free trade. The Southern
firm’s profit decreases because it no longer sets the optimal level of price that maximizes its profit. It
only sets the best response to g and pZ.

We consider two cases: a relatively binding quota and a very binding quota.

First case: §2(¢p, ) < q < . The quota is relatively binding because it only reduces the Southern
firm’s exports when the R&D is unsuccessful. The Northern firm’s profit only increases as compared
to free trade under this case: #*(q) > &1, #2(q) = =2

Second case: ¢ < $4(¢,n). The quota is very binding because it reduces the Southern firm’s exports
under both cases. Then, the Northern firm’s profit increases as compared to free trade regardless of
the R&D outcome: &l (q) > &, #l(q) > =d.

Proposition 6: The Northern firm’s R&D investment decreases with a relatively binding quota and
either increases or decreases with a very binding quota as compared to free trade. There is a non-null
value of quota g such as the R&D investment equals the free trade level. Then, the Northern firm’s
R&D investment decreases as compared to free trade when q € (E, 37,?), levels off when g = ¢, and
increases when q € [0,q).

Proof: Let us consider the two cases:

With a relatively binding quota, the quota is only binding when the R&D is unsuccessful. The Northern
firm’s profit only increases under this case. Then, the difference in profit decreases as compared to

free trade: 27 (¢, 1, q) — 1 (q) < i (p,n) — 7).

With a very binding quota, the quota is binding under both cases. The Northern firm’s profit increases
regardless of the R&D outcome. We have:
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daf(pmna) _ _ _ 223(¢m.0) <0
dq 2(b3-1)(1—¢n)

The positive effect of a drop in g on  equals 22%(¢,71,q)/[2(b2 — 1)(1 — ¢n)]. Such an expression
increases with ¢ because d£2(¢,1,q)/d¢ > 0. The positive effect of the quota on the Northern
firm’s profit is greater when the R&D is successful. Then, the difference in profit increases when the
level of the quota decreases. But, since a relatively binding quota reduces the R&D, such a result is
not sufficient to prove that the difference in profit always increases as compared to free trade. We
denote by g the quota such as the difference in profit equals the free trade level. The difference in
profit decreases with a very binding quota g such as q € (E, 37,‘{1) if 0 < g < P2 The difference in
profit always decreases with a very binding quota if g = 0. It always increases, otherwise.

Then, the Northern firm’s R&D investment decreases with a relatively binding quota, and either
increases or decreases with a very binding quota. Let us use a numerical example. Figure 4 illustrates
the evolution of the Northern firm’s R&D investment when the level of the quota varies. The grey line
illustrates the free trade level. Here, we find g ~ 12.1738, with 0 < g < 2. Then, under such a
numerical example, the R&D investment decreases with a very binding quota as compared to free
tradeifq € (ﬁ, 37,‘{1). It levels off if ¢ = q. It increases if g € [0,q).

Figure 4 — Evolution of the Northern firm’s R&D Investment When q Varies
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Source: authors.
Note: c%(¢p)=c"+ ¢,a(r) =1 a, =40,a,=30,b,=b;=2,c"=6,c"=3,g=9"=1,¢ =
0.2,n=1,v=500,k=0.5F =F"=0.

This is the first paper that studies the impact of import quotas on product R&D investments. As with
the tariff, the negative impact of the relatively binding import quota relates to the negative impact on
process R&D mentioned in the theoretical economic literature (Reitzes, 1991; Bouét, 2001). For
example, Bouét (2001) designs a North-South theoretical framework and finds a negative impact of a
voluntary export restraint implemented by the Southern country on the Northern firm’s R&D

investment. He also finds a positive impact of an import tariff implemented by the Northern
government. The economic literature explains the difference between these instruments by
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mentioning that a quota changes the strategic relationship between firms while a tariff does not
(Bhagwati, 1968; Krishna, 1989). With the quota, the Northern firm benefits from an advantage in
terms of information. Since the quota is binding, the Northern firm already knows the level of its

competitor’s exports before selecting its domestic sales. The Southern firm no longer sets the optimal
level of exports. On the Northern market, the Northern firm selects the optimal level of domestic
sales without considering the Southern firm’s first order condition.

5. Welfare Analysis

We have examined the impact of six policy instruments on the Northern firm’s R&D investment. Let
us study the economic impact of each instrument by analyzing their impact on expected profits,
consumer surplus and public revenues.

5.1. General Framework under Free Trade

Each expected variable depends on the equilibrium expression of the R&D investment 7.
Expected profits are:

E[I®)] = a®f + [1 — a(®]R" —vr, E[I*(F)] = a(®A* + [1 — a(P)]R™"

Let us study each country’s expected consumer surplus. We need to express the domestic (foreign)
price as a function of the domestic (foreign) sales by turning the domestic (foreign) demand function
and considering the foreign (domestic) price as a parameter. We have:

— d i
B[G)] = ()| 3 pd (e )axd - p (228 + 7% it () ayd — il (598 + 11 -

~h sh
() | [ ph (el axt — pR(RE)RE + 17 pil O )yt = pil (9291 |

ok N Sd) e ¢ . sd ()5
BIES ()] = @) [ 8 (x)axd — pé(28)28 + 1} pi? )y — it (598 + 1 -
~h sh
a()) | [ pl ()t = pL ()22 + [ pih )yt = pit (9292
Under free trade, the Northern country’s expected national welfare equals the sum of its expected

profit and domestic consumer surplus: E[W(f)] = E[ﬁ(f')] + E[Cg(f)]. Same goes for the Southern
country's expected welfare: E[W*(#)] = E[TT*(#)] + E[CS*(®)].

5.2. Discussion

Table 1 illustrates the economic impact of each policy instrument. We also study the impact on the
Northern country’s expected public revenues.®
Table 1 - Economic Impact of Each Policy Instrument

Instrument \ r | E@ | E@) | EES) | EES) | EPR) |

t{a(®PL + [1 — a(#)]P} > 0, with the import tariff
BE[PR(P)] = { —s{a(®) (&2 + 24) + [1 — a(M)](R" + 1)} < 0, with the production subsidy
—o7t < 0,with the Research and Development subsidy
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Import Tariff + + - +/- +/- +
Production Subsidy + + - + + _
R&D Subsidy + + - +/— +/—- —
Quality Standard + +/— - +/— +/—- 0
Minimum-Price + + - +/- +/— 0
Import Quota +/- +/— +/- +/— +/— 0

Source: authors.

Each policy instrument increases the Northern firm’s R&D expenditures except for the quality
standard and the import quota. A government that aims to enhance non-price competitiveness by
encouraging product R&D investment should implement one of these policy instruments.
Furthermore, the Northern (Southern) firm’s expected profit always increases (decreases) with each
policy instrument. This result relates to the “profit-shifting” mentioned in the economic literature.
Nevertheless, policy instruments may have opposite impacts on expected consumer surplus and
public revenues. The Northern country’s expected public revenues increase with the import tariff,
decrease with the production subsidy and the R&D subsidy, and level off with the quality standard
and the minimume-price.

Let us study the impact on the Northern country’s consumer surplus. It increases with the production
subsidy because it has a direct impact by reducing the levels of price. The R&D subsidy has an indirect
impact by increasing the probability of R&D success. But the impact on the expected consumer
surplus may be negative if the sensitivity 77 is low. The impact of the import tariff and the minimum-
price may be either positive or negative because of a direct negative impact due to the increase of
levels of price and an indirect positive impact due to the increase of the probability of R&D success.
The impact of each policy instrument on the Southern country’s consumer surplus is the same.

The economic impact of the quality standard is uncertain. The effect on the Northern firm’s expected
profit is unknown because the effect is positive with a successful R&D and negative with an
unsuccessful R&D. The effect on the Northern consumer surplus is uncertain because it increases the
Northern firm’s R&D investment but it reduces the demand on the Northern market. The economic
impact of a quota is also ambiguous because it reduces the competition from the Southern country
but it either increases or reduces the Northern firm’s R&D investment. Then, the effect on each
expected profit and consumer surplus is uncertain.

Appendix B illustrates the evolution of the Northern country's expected consumer surplus when the
Northern government implements an import tariff such ast = 1, a quality standard, a relatively
binding minimum-price such as p,,i;, = p*¢ + z, a very binding minimum-price such as p,,;;, = p*"* +
z, where z is a positive constant, and a prohibitive import quota. The effect of the tariff is often
negative. Nevertheless, we find a case in which the expected consumer surplus increases with the
tariff. The effect is positive for n = 2.3 when b = 3. We also find a case in which the quality standard
increases the expected consumer surplus forn = 1.25 when b = 3. Finally, the relatively binding
minimum-price increases the expected consumer surplus forn = 1.5 whenb =2, andn = 1.75
when b = 3, while the very binding minimum-price increases it forn > 1.25 when b = 2. Under
these cases, the indirect positive impact via the probability of R&D success is stronger than the direct
negative impact. Such a result can be offset against traditional results that mention a negative impact
of “at-the border” policy instruments on the consumer surplus. The condition is that consumers have
a high sensitivity on their preference for quality. Unlike an import tariff or a quality standard, we do
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not find any case in which a very binding quota increases the Northern country’s expected consumer
surplus by using numerical simulations.

5.3. Optimal Policy Instruments under Numerical Simulations

According to the economic impact of each policy instrument, we have to verify whether or not the
Northern country's government is encouraged to implement it. Let us study the impact on the
Northern country’s expected national welfare. We can also compare each instrument. Appendix C
illustrates the optimal level of each instrument and the expected national welfare as compared to
free trade. The results are obtained under numerical simulations because analytical demonstrations
seem too complex.

= The Northern country's government is encouraged to implement an import tariff and a
production subsidy. The tariff seems to be the favorite policy instrument because: (i) it increases
the Northern firm’s profit via the “profit-shifting”; (ii) it also increases its R&D investment; (iii) it
involves further public revenues for the government; (iv) it may increase the expected consumer
surplus when their preference for quality is high, and the negative effect is low, otherwise.

= The positive impact of the production subsidy is lower even if it is the favorite policy instrument
for the Northern consumer since it reduces prices and increases the probability of vertical
differentiation. The reason is that it involves public expenditures, especially if the R&D is
successful.

= The quality standard reduces the Northern country's expected national welfare under each case
illustrated in Appendix B. The effect may be positive with higher values for 7. But the quality
standard is never the Northern government’s favorite policy instrument. The Northern
government has a preference for the import tariff because we consider that the quality standard
does not yield public revenues. Furthermore, the effect on the domestic consumer surplus is
often negative.

= Under four cases, the Northern country's government is not encouraged to implement the
minimum-price because the optimal level equals the free trade level of price when the R&D is
successful. Then, the expected Northern welfare is the same as under free trade. This welfare
increases with the minimume-price, otherwise. The main difference with the import tariff is that
we do not consider that the minimum-price influences public revenues.

= Under two cases, the optimal R&D subsidy is negative. Then, the Northern country's government
is encouraged to tax the Northern firm’s R&D expenditure. Note that the effects on the expected
welfare are low because it only directly influences the probability of R&D success.

= The quota increases the Northern country’s expected national welfare under seven cases. In
these cases, the optimal quota is a prohibitive quota such as the Northern firm benefits from a
monopoly on its domestic market. But the quota reduces the expected national welfare under
five cases. In these cases, the Northern government is encouraged to remain under free trade.

The results show that the import tariff seems to be the favorite policy instrument for the Northern
government. The Northern government can increase its domestic firm's expected profit, its consumer
surplus and public revenues at the same time, only by implementing an import tariff. However, there
is a limit. Tariffs represent traditional forms of trade policy. Currently, governments reduce their tariff
rates by implementing free trade agreements and use modern forms of protectionism like subsidies,
quality standards and minimum-prices. Furthermore, according to the WTO, tariffs are bound and
cannot be increased above a certain level. Nevertheless, as we said in the introduction, the level of
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the European Union’s ad-valorem import tariff is high in the automobile industry. It may legitimize
our results.

6. Concluding Remarks

In this paper, we establish a theoretical model of international trade in a two-country duopoly with a
Northern and Southern firm to examine the impact of several trade policy instruments on product
R&D investment and welfare. The Southern firm is considered to have a competitive advantage due
to lower production costs, encouraging the Northern competitor to invest in quality improvement.
Unlike related studies but just as relevant and realistic, we suppose that the outcome of this
investment is uncertain: there is a given probability for the Northern firm's product R&D to be
successful. The Northern country's government is the only one policy active, having the choice
between several policy instruments: an import tariff, a production subsidy, an R&D subsidy, a
minimum quality standard, a minimum-price and an import quota. Firms compete in prices on both
markets.

Through our three-stage game, we show that each policy instrument increases the Northern firm's
product R&D investment except for a relatively binding import quota. Therefore, if the Northern
country's government’s only aim is to enhance non-price competitiveness by encouraging product
R&D investment, we provide evidence in favor of implementing these policy instruments. However, it
is also argued that the effect of some of these instruments may hinder consumer surplus, public
revenues and welfare. Their implementation might not therefore be socially optimal. This result is
backed by numerical simulations allowing for a change in the levels of parameters. Based on these
simulations and a comparison of the impact of these instruments, it appears that the Northern
country's government would favor the implementation of an import tariff. By this means, the
domestic expected profit, consumer surplus and public revenues could increase. Nevertheless, the
real implications of this result are limited, as the ongoing trend in the international arena is towards
the reduction of this trade barrier.

The analysis we conducted is relevant to international trade between developed and developing
countries, high and low cost firms, in which the latter do not necessarily have the capacities to
undergo quality improvement and finance product R&D activities. We believe to have contributed in
the existing literature by building such a framework, including uncertainty in it and analyzing the
impact of a relatively wide panel of instruments. The positive impact of several policy instruments on
the R&D investment in our theoretical paper has been illustrated in empirical studies. The empirical
economic literature has focused on the impact of “behind-the-border” policy instruments on R&D
expenditures by differentiating direct supports (subsidies) and tax cuts. A positive relationship is
illustrated for US firms (Mansfield, 1986; Berger, 1993; Hall, 1993), Canadian firms (Mansfield and
Switzer, 1985; Bernstein, 1986), Swedish firms (Mansfield, 1986) and nine OECD countries (Bloom et
al., 2002). Nevertheless, we realize that there is no empirical evidence about the negative impact of a

relatively binding import quota in our paper.

An extension to our study would be to consider competition in quantities instead of prices and see
how the mode of competition changes our results. Changing the setting of the model by analyzing
trade between identical firms in a North-North or South-South duopoly is also possible to have
important implications and constitute future research topics. Another possible extension would be to
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consider individual preferences for quality for each consumer. Finally, we could consider that the
Southern government becomes policy active by implementing retaliations.
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7. Appendix

A. Impact of an Import Tariff under General Forms for Demand Functions

We use general forms for demand functions. Nevertheless, we still consider constant marginal costs
and linear forms for total costs. According to First Order Conditions, we have:" 7 (¢t) = nl [pl ()] =

— Xy, [Pr () — "2 AR (0) = MR (PR (D)] = —xup, [ (0) — d(qb)]z We have:"’

h
arh(t) _ omh[ph(©)] | omh[ph®]dPEW) _ ronppy _ oy ioa PR Ty
dt at aph@y dt = [pn(® "] Bh >0

d
dag(e) _ omi[pR(®)] | anA[pR(D] dBA®) _ raa od Ynps TApnnTnpyp* .
dt ot Ad(t) dt - [ n(t) (d))] Bd > 0

The previous expressions are positive. But it seems complex to compare such expressions. We have:

d h
|y"p$l > |y"p$l
successful; see Assumption 7. Then: [p2(t) —cd(cj))] [“,’}(t) — c™]. However, it is complex to
compare the two last terms nﬂpnpnnnp o . /B% and ”npnpn”npnp . /B", especially under nonlinear

forms. First order effects are on yn < then on [p4(t) — c?(¢)]. The probability that the tariff

increases the difference in profit remains high. But we cannot demonstrate that the effect is always
positive.

B. Impact of “At-The-Border” Policy Instruments on Expected Consumer Surplus

16Subscripts denote partial derivatives.

17ph _ *h h *h .pd — d *d _-da *d
B" = My pTrpipi, ~ Tnpupi Trpion ' B = TpuonTnpipis ~ Tnpnpi Tnpion
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Table 2 - Evolution of the Northern Country’s Expected Consumer Surplus with an Import Tariff, a
Quality Standard, a Minimum-price and an Import Quota

Import Tariff such as

Quality Standard

Relatively Binding

Very Binding Minimum-

t=1 Minimum-Price such as Price such as pjuin =
Pmin = ﬁ;d +z ﬁ;h +2z
n bl=2 bl=3 bl=2 b1=3 bl=2 bl=3 bl=2 b1=3

0.25 -8.21229 -7.79463 -130.43874 | -42.577665 | -0.0780794 | -0.0364256 | -2.5257042 | -1.8376590
0.5 -8.00433 -7.70639 -123.42937 | -39.761767 | -0.1433769 | -0.0732299 | -4.6014483 | -2.4831033
0.75 -7.56517 -7.51798 -114.43250 | -35.806893 | -0.1773104 | -0.0998316 | -5.9272671 | -3.0294014
1 -6.79448 -7.18616 -103.77156 | -30.567629 | -0.1641472 | -0.1098467 | -3.9357802 | -2.8019087
1.25 -5.55152 -6.65085 -91.956658 | -23.864448 | -0.0813091 | -0.0941329 4.9719231 -0.8482512
1.5 -3.63511 -5.82695 (b) -15.475250 | 0.1040853 | -0.0393999 | 25.972551 (c)
1.75 (a) -4.59141 (a) -5.1243504 (a) 0.0740211 (a) (c)
2 (a) -2.76199 (a) 7.5315659 (a) 0.2758692 (a) (c)
2.25 (a) -0.06126 (a) 22.920640 (a) 0.6122734 (a) (c)
2.5 (a) 3.946958 (a) 41.574760 (a) 1.1570145 (a) (c)

Prohibitive Import Quota

q=0
n bi =2 bi =3

0.25 -109.31687 | -50.643907
0.5 -105.74391 | -49.701643
0.75 -99.622142 | -48.052939
1 -90.910905 | -45.681178
1.25 -79.584335 | -42.584499
1.5 -65.667615 | -38.790345
1.75 (a) -34.380851
2 (a) -29.538119
2.25 (a) -24.627170
2.5 (a) -20.353072

Source: authors. Note: We set: c?(¢p) = c" + ¢,a, = 40,a, = 30,c" =6,c* =3, =0.2,g=g*"=1,F =
F* =0,z = 0.1. (a) The condition b > (1 + ¢n)/(1 — ¢n) no longer holds. (b) The level of R&D is greater than
one. (c) The Southern firm’s exports are negative under a successful R&D.
C. Welfare Analysis

Table 3 — Optimal Policy Instruments and Evolution of the Northern Country’s Expected National

Welfare
Policy Instrument Optimal Instrument AE(W)
¢ =0.2 b, =bs =2 n =205 Import Tariff 16.5508033 183.823613
Production Subsidy 3.22254028 7.78716801
R&D Subsidy 18.4727963 0.01100592
Quality Standard - -211.313788
Minimum-Price 16.2666667 1.1875101
Import Quota 0 85.1563207
n=1 Import Tariff 16.9565435 200.726885
Production Subsidy 4.00647595 11.4775243
R&D Subsidy 49.946966 0.53559784
Quality Standard - -98.1804461
Minimum-Price 16.2667 23.4199971
Import Quota 0 109.717667
n=15 Import Tariff 14.9758 253.037868
Production Subsidy 6.08087264 23.6015963
R&D Subsidy 70.417448 3.77024901
Quality Standard (a) (a)
Minimum-Price 18.9758242 204.613391
Import Quota 0 157.365722
b, = b, =3 n=05 Import Tariff 6.66184031 47.8342226
Production Subsidy 2.48623055 6.96309294
R&D Subsidy 10.5534091 0.00081367
Quality Standard - -111.105712
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Minimum-Price (b) 0
Import Quota 19.7142 -4.20592691
n=1 Import Tariff 6.6160529 48.4196891
Production Subsidy 2.77308089 8.46939228
R&D Subsidy 51.8968807 0.15109548
Quiality Standard - -88.4726023
Minimum-Price 10.5714286 2.93224468
Import Quota 0 -2.14866568
n=15 Import Tariff 6.5438914 52.5547558
Production Subsidy 3.54120136 13.0938693
R&D Subsidy 75.3998268 1.23266161
Quiality Standard - -54.0298708
Minimum-Price 10.5438 20.896489
Import Quota 0 6.74781467

Source: authors.

Note: We set: c%(¢p) = ¢ + ¢,a,, = 40,a, = 30,c"* =6,c* =3,9g=g" =1,F = F* = 0. (a) The
level of R&D is greater than one. (b) The optimal minimum-price equals to the foreign firm’s price
under free trade when the R&D is successful. Then, the domestic welfare does not vary as compared
to free trade.

Table 3 (continued) — Optimal Policy Instruments and Evolution of the Northern Country’s Expected
National Welfare

Policy Instrument Optimal Instrument AE(W)
¢ =0.1 b, =bs =2 n=05 Import Tariff 16.5512526 182.0127
Production Subsidy 3.08585143 7.21336599
R&D Subsidy -1.50253967 1.4456E-05
Quality Standard - -252.250962
Minimum-Price (b) 0
Import Quota 0 79.8616143
n=1 Import Tariff 16.5559191 183.987986
Production Subsidy 3.23209595 7.83206911
R&D Subsidy 21.1926214 0.01556657
Quiality Standard - -209.067972
Minimum-Price 16.2666667 1.29264868
Import Quota 0 85.4552477
n=15 Import Tariff 16.6589619 189.45532
Production Subsidy 3.5269523 9.15483585
R&D Subsidy 37.6040891 0.14054856
Quality Standard - -157.233862
Minimum-Price 23.8968944 74.3164759
Import Quota 0 95.4051722
b, =b; =3 n =205 Import Tariff 6.68469614 47.9021165
Production Subsidy 2.44161052 6.74865203
R&D Subsidy -17.1143338 0.00039848
Quality Standard - -118.417947
Minimum-Price (b) 0
Import Quota 19.7142 -4.34909786
n=1 Import Tariff 6.6619414 47.8489397
Production Subsidy 2.49138048 6.99199091
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R&D Subsidy 16.120011 0.00213532
Quality Standard - -110.449222
Minimum-Price (b) 0
Import Quota 19.7142 -4,19334793
n=15 Import Tariff 6.63455079 47.9540953
Production Subsidy 2.59829226 7.53834851
R&D Subsidy 37.4234915 0.03524563
Quality Standard - -100.295092
Minimum-Price 10.5714286 0.41408715
Import Quota 19.7142 -4.00875094

Source: authors.

Note: We set: c?(¢) = c" + ¢,a, = 40,a, = 30,c" =6,c*=3,9=g"=1,F =F* =0. (a) The
level of R&D is greater than one. (b) The optimal minimum-price equals the foreign firm’s price under
free trade when the R&D is successful. Then, the domestic welfare does not vary as compared to free
trade.
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