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Abstract

In the ambit of politics of special interest groups, this paper addresses the linkages between trade and en-
vironmental policies in imperfect commodity markets. A duopoly market is characterised by two-way trade in
differentiated products that are polluting in nature. Firms in each country act as Cournot competitors in the
international market and have direct stakes in both trade and environmental policies set by the incumbent gov-
ernment. Results suggest that in comparison to the baseline scenario where the incumbent is purely benevolent,
the political equilibrium is characterised by higher import tariffs and lower pollution taxes. The voting support
from political action groups (here firms) induces the incumbent to choose policies that favour them in general.
However, the degree of product differentiation tends to bring down the divergence in policy outcomes under the
two scenarios. Interdependencies between trade and environmental policies are also affected by the existence of
producer lobbies. Unlike in case of the social optimum, the incumbent faces a trade-off between considerations
for campaign funds from lobbies and the welfare motive for the population in general. Our study shows that
environmental polices act as strategic substitutes, and trade policies may or may not be strategic substitutes.
We find that complementarities in trade policies (a tariff war) arises only when incumbent governments are less
corrupt. This outcome is attributed to the interdependencies between trade and environmental policies. For a
less corrupt policy maker, the loss in campaign funds is outweighed by the net gains from environmental regula-
tions, viz. improved environmental quality, gain/loss in consumer and producer surplus, pollution tax revenue,

and tariff revenue. Therefore, the likelihood of trade wars would be lower if politicians are more corrupt.
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1 Introduction

The conflict between international trade and environmental policies is not a new economic phenomenon. There has
been a proliferation in the number of international treaties and agreements as well as national laws pertaining to
environmental protection. Furthermore, rapid expansion in international trade and trade agreements (plurilateral
and multilateral) have exposed nations to the arduous task of dealing with the environmental impacts of trade
and investment flows. While developed countries are in favour of linking trade and environmental policies, the
less developed ones have been wary of losing to international competition from linked policy negotiations as more
stringent environmental policies pose barriers to trade flows. There is evidence that developed countries have
resorted to stricter environmental laws as substitutes to trade barriers when the World Trade Organisation (WTO)
regulations of liberal trade policies are in place. The ban on tuna imports from Mexico by the US government in
the year 1990 is an example of how developed nations use (abuse) surrogate policies such as environmental norms
to restrict trade. Later in 2001, France imposed an import ban on asbestos and asbestos-containing products
citing risks on human health. Recently, the European Union (EU) extended the Emissions Trading Scheme (ETS)
on foreign airlines flying into the European airspace. This policy of 2012 received striking opposition from its
trading partners like the US, China, India and Russia (Wu and Salzman, 2013). Hence, these measures (sometimes,
ostensible) designed to ensure safety to human life have severe implications on trade flows. Nations which endorse
and exercise stringent environmental safety standards limit market access to the exporters around the world, thereby
jeopardising their trade competitiveness. The interesting aspect here is that such safety standards work as trade
restriction measures (such as an import tariff/quota). As a result, nations committed to free trade or minimal trade
restrictions have an incentive to use (or misuse) environmental regulations for domestic protection. This shows that
there exist linkages between trade and environmental policies.

In recent years, there has been a dramatic shift in the discourse on green policies as far as developing nations are
concerned. For instance, countries like India and China have made substantial progress in harnessing and deployment
of cleaner energy. Such measures send a strong message to the international fora with regard to commitment and
probity of nations to combat the pertinent issues of climate change and greenhouse gas (GHG) emissions (Mehra
and Bhattacharya, 2019). As a result, prospects of international competition in achieving smoother transition to
clean energy have expanded. Both developed and developing countries are embracing policies related to cleaner
energy generation and deployment. As nations compete in green industrial policies in terms of subsidies, tax
concessions and R & D expenditures, and engage in trade in equipments used in renewable energy generation, trade
and environment conflicts become inevitable and more complex (Hajdukiewicz and Pera, 2020). While the energy
transition driven by green industrial policies would have an impact on the environmental quality, it would have
severe implications on trade flows as well as trade policies. The most compelling evidence in favour of the above
argument are episodes of trade disputes between China, India and the US in the last decade. The dominance of
China in the renewable energy market has challenged the domestic industry of its major trading partners, India
and the US. In the year 2012, the US slapped countervailing duties and anti-dumping tariffs on solar panels in
defence of its domestic manufacturers. The US has also dragged India to the dispute settlement body of the WTO
against the local content requirement for solar cells in India’s Jawaharlal Nehru National Solar Mission (JNNSM)
Programme in 2013. As Hajdukiewicz and Pera (2020) point out that these contentious issues are also driven by
domestic lobbying by solar manufacturers, growing protectionism and economic nationalism have also affected trade
relations between trading partners who are signatories to a host of regional trade agreements (RTAs). For example,
amidst growing border tensions between India and China [who are members of the Asia-Pacific Trade Agreement
(APTA) with effect from January 1, 2002 (WTO, 2020)] since May 2020, trade relations between the Asian giants
have soured. In August 2020, India raised tariffs on imports of green energy equipments from China (a 20 per cent
basic customs duty on solar modules, cells and inverters) (Bhaskar, 2020; Stoker, 2020).

While the primary objective of the WTO is to push for phased reductions in trade barriers and promote “free
and fair play”, there also exists a complementary goal of sustainable development and environmental protection.
Apparently, freer trade accompanied with environmental protection is considered to be welfare improving. However,

very few countries have adopted these twin goals. International trade policies are inefficiently protective,' if not

1The US-China trade war in the year 2018 witnessed an import tariff on products like steel and aluminium by the US and further
retaliation by China which slapped additional duties on American products including chemicals, vehicles, medical equipment, etc.



prohibitive, and environmental policies do not reflect true social costs of environmental damage. These policy
distortions are aggravated when there exists market imperfections, monopoly pricing and asymmetric information.
Therefore, all of these factors add yet another layer of distortion. Since the world economy is characterised by each
of these attributes, thence emerges the pertinent question as to why are sub-optimal policies chosen in the first
place? To answer this, we need to deviate from the paradigm of ‘public interest’, which is based on the assumption
that policy makers are benevolent and maximise social welfare. Furthermore, the theory of ‘public interest’ qualifies
to be a normative aspect when we analyse government intervention in policy-making. And, the positive aspect
belies the primary motive of achieving efficiency through both ‘first best’ and ‘second best’ outcomes in dealing
with economic problems. This is because policy-making processes are entrenched in the interplay of economics and
politics.

Generally, incumbent governments seek to maximise political support to be in power. Similarly, there exists
political action groups who have stakes in policies set by the regulator. As a result, these action groups make
campaign contributions to the incumbent government to sway policies in their favour. According to Olson (1965),
this phenomenon could be explained by the theory of collective action when a few economic agents succeed in
overcoming the free rider problem and organise themselves into lobbies. Furthermore, per capita stakes vary
inversely with the size of the group and hence a smaller group would have greater incentives to influence policy
outcomes. Therefore, any change in economic policies would be guided by the preferences of interest groups. For
example, the price of a polluting good of an industry or a firm sold in the domestic market or abroad would be
affected by changes in both trade and environmental policies While the producer of an importable good, which is
polluting in nature has an incentive to influence the government to lower environmental regulations and raise the

2 Consequently, both trade and environmental

level of import tariff, environmentalists would seek the opposite.
policies may be endogenously determined and the outcomes are unlikely to be the same as the ones that would be
set by a benevolent social welfare maximiser. Further, a second tier of divergence in policy outcomes arises due
to imperfections in the market. The dead weight loss associated with imperfect markets might lead to equilibrium
policy outcomes which differ from those arising in case of perfectly competitive markets. There are possibilities of
strategic interactions between producers within a nation as well as across nations which adds on to the intricacies.
Lastly, the equilibrium policies would also depend on how: (a) national governments influence world prices through
trade policy instruments like tariffs and subsidies (instances of interactions between large open economies) and (b)
domestic producers exercise certain degrees of market power in the international market by competing in outputs
or prices in an oligopolistic framework. Therefore, the political economy effects are likely to have distinct and
contrasting implications thereof.

Since market imperfections are quite common in the world economy, it is imperative to probe the implications
thereof. Therefore, this study addresses the aspect of the political economy of trade and environmental policies
under imperfect competition in commodity markets.

The literature on international trade and imperfect competition can be classified under two broad categories,
namely, trade in monopolistically competitive markets; and oligopoly and trade. The pioneering works by Krugman
(1979) and Krugman (1980) focus on the aspect of increasing returns to scale in production and international
trade based on monopolistic competition. It is evident that economies with identical tastes, similar technology and
opportunity costs of production also trade with each other. Such a situation arises when firms incur high fixed costs
of production, thereby restricting entry of a large number of potential producers in the market. Therefore, each of
the existing firms, less in number, produce more to serve the market. It is due to high fixed costs of production
that enable firms to spread it by producing more. As a result, average costs keep falling with expansion in output
yielding increasing returns to scale. In addition, firms have an incentive to produce differentiated products in order
to compete with their rivals. On the demand side, consumers prefer to consume a variety of goods and services
which are close substitutes but no one variety is intrinsically superior to the other. Each variety is distinct and

consumers may buy different varieties at the same price depending on their preferences. Their preferences are of

CWS, 2018).

( 2A surve; conducted by Saha (2015) for the period 2010-2014 finds that on an average 85 per cent of the manufacturing firms in India
actively lobby the government. According to Kelemen and Vogel (2010), the EU has been emerging as a global advocate of environmental
agreements on account of the emergence of green lobbies like the Brussels-based campaign group, the European Environmental Bureau
(EEB), Kyoto Club, Greenpeace, etc. which push for more stringent regulatory stance by the policy makers.



the Dixit-Stiglitz type (Dixit and Stiglitz, 1977). International trade between such nations is welfare improving
as firms can economise on costs of production and consumers can consume a greater variety of goods at lower
prices. The entire premise of Krugman’s theory of intra-industry trade thrives on the similarity hypothesis of
Linder (1961), which emphasises on the role of home demand. Since knowledge is costly, entrepreneurs, in the
beginning of a venture, would explore the internal demand. As market expands, firms are more likely to look for
profit opportunities beyond local markets. At this juncture, firms enter the export market and serve only those
foreign markets where the demand is similar to the local market. In short, existence of home demand is a necessary
condition for monopolistically competitive firms to enter the export market.

On the other hand, the aspect of intra-industry trade in oligopoly markets was studied by Brander (1981),
Brander and Krugman (1983), Brander and Spencer (1985), Dixit (1984), Dixit (1988) and Eaton and Grossman
(1986). These studies also focus on horizontal product differentiation. While Brander (1981) and Brander and
Krugman (1983) emphasised on intra-industry trade in both identical and differentiated products by exploring
possibilities of cross-hauling and reciprocal dumping, the others studied the welfare impacts of both trade policies
(export/import taxes and subsidies) and industrial policies (production tax and subsidies). The primary conclusion
of these studies is that interventionist trade policies may improve welfare if markets are imperfectly competitive.
When domestic and foreign firms compete in output in order to serve a third-country market, the Cournot-Nash
equilibrium level of trade policy is an export subsidy (Brander and Spencer, 1985; Dixit, 1984). In a similar fashion,
Eaton and Grossman (1986) studied welfare impacts of trade and industrial policies in an oligopoly-setting by
assuming arbitrary conjectural variations. The findings suggest that domestic policies are unambiguously welfare
improving since they narrow the divergence between prices and marginal costs.

There have been studies on vertical product differentiation and trade as well (Motta, 1994; Zhou et al., 2002).
Motta (1994) argues that internationalisation decisions of firms depend on the size of the domestic market. Firms
operating in the large country export better quality product in comparison to its rivals in the small country. As the
quality gap rises, firms in the small country not only lose to foreign competition but also face difficulty in serving
the domestic market. Zhou et al. (2002) extend Motta’s argument by examining equilibrium domestic policies
(investment tax/subsidy) when firms in a developed country compete with firms in a less developed country (LDC)
to serve third-country export markets. Equilibrium policies vary depending upon the type of duopoly competition,
viz., Cournot competition and Bertrand competition as well as on the relative position of firms on the quality ladder.

Further contribution to the literature on trade and imperfect markets is attributed to the studies which juxta-
pose the implications of environmental regulations and their linkages with trade policies (Barrett, 1994; Burguet
and Sempere, 2003; Conrad, 1993, 2001; Jinji, 2005; Neary and Leahy, 2000; Tanguay, 2001; Ulph and Ulph, 1996;
Walz and Wellisch, 1997). These studies analyse environment and trade policies in an oligopolistic framework. Most
of these studies examine the welfare implications of trade and environmental policies. A broader conclusion of these
studies is that unlike weaker environmental regulations, export subsidies are welfare improving. Weaker environ-
mental regulations are typically costly to the society as they worsen the environmental quality. Export/production
subsidies, on the other hand, are not costly to the society since they redistribute resources from the government
to industries/firms. Barrett (1994) argues that production/export subsidies work better than weaker environmen-
tal standards when it comes to improving international competitiveness of domestic firms. Both the studies by
Walz and Wellisch (1997) and Jinji (2005) suggest that environmental costs due to local pollution can be fully
internalised through emission tax when countries can choose direct export subsidies. Apart from emission taxes
as potential policy instruments to control for externalities from pollution, subsidies on pollution abatement and
investment credits on cleaner technologies may improve international competitiveness of exporting firms (Conrad,
2001; Neary and Leahy, 2000). While most of these studies rationalise restricted trade policies in an oligopoly
framework, Burguet and Sempere (2003) argue that trade liberalisation would improve welfare if environmental
taxes exist, since national governments have an incentive to use environmental policy as a substitute to restrict
trade. The result stands in sharp contrast to the earlier studies on account of the assumption of bilateral trade
policies. In a Brander-Spencer setting of bilateral trade with reciprocal dumping, the authors show that a bilateral
tariff reduction would expand output of firms operating in each of the trading nations, assuming that tariffs are one
of the components of cost faced by the firms. The welfare implications would then, typically depend on whether
prices exceed (fall short of) the marginal social cost associated with local environmental damage from production

of the trade good. Welfare would improve (fall) if price of the good exceeds (is below) the marginal social cost of



pollution.

However, these studies do not incorporate special interest politics in their analyses. In the ambit of strategic
trade policy, the inherent possibilities for rent transfer from trading partners may be followed by rent-seeking
activities by domestic beneficiaries including firms, industries, or political agents. Lee (2003) explores this aspect
by re-examining the Brander and Spencer (1985) formulation in the presence of domestic lobbies. The politically
determined equilibrium tariff in the domestic country is higher than the one chosen by a benevolent dictator. This
result closely resembles the case of a unilateral export-subsidy scheme introduced by the home country (Kagitani,
2008). Tt is notable that these studies do not incorporate the aspect of product differentiation and trade as in Fung
et al. (2009) and Kagitani (2009). Notwithstanding the fact that studies on lobbying in strategic trade policies
explore both Cournot and Bertrand competition with and without product differentiation, the implications of two-
way trade is quite unexplored. One can very well expect two-way trade between nations as opposed to the standard
formulation of duopolies competing in third country markets. It is one of the pioneering studies by Kim (2017)
that lays emphasis on the role of political action groups in the determination of tariffs in case of intra-industry
trade. Also, unlike the earlier studies on the political economy of trade policy, this study makes a novel attempt
to show that import competing firms may not have political objections to trade liberalisation when products are
highly differentiated and foreign markets follow the norm of reciprocity. Besides, consumers’ love for a variety of
products precludes possibilities of losing domestic market share to foreign imports. Furthermore, productive firms
which enter the export market are more likely to lobby for trade liberalisation, and more so when their products are
highly differentiated. This result is consistent with the adoption of bilateral trade liberalisation that fosters greater
market access. Therefore, product differentiation revamps the entire political dynamics.

In the present study, we develop a political economy model of intra-industry trade between two countries, each
with one firm, where governments can avail both tariffs and pollution taxes as potential policy instruments. Until
recently, Shao et al. (2018) have examined the effects of international trade on regulations on conservation of
exhaustible resources in a Cournot setting, where governments are industry-biased. Firms in each country engage
in reciprocal dumping to capture profits in the world market. Results suggest that the resource tax on harvest of
the exhaustible resource rises as countries open up for trade compared to the corresponding tax under autarky. The
higher resource tax as opposed to the tax under autarky leads to a reduction in resource extraction and output and
increases the level of resource conservation. The primary argument related to the above result is that an industry-
biased government is less likely to care about environment quality and resource conservation under autarky. As
countries open up for trade, international competition between home and foreign firms as well as the governments
induces a race to the top with respect to harvest taxes. Therefore, the study revolves around harvest taxes and does
not incorporate trade policies. Our model, on the contrary, explicitly studies trade policy along with environmental
policy and the associated interactions between the two. We also consider trade in a differentiated product which
is associated with a negative production externality. Furthermore, we carry out a focused analysis of interactions
between the domestic and the foreign markets through both tariffs and pollution taxes. There is a resultant shift
in the policy space from a uni-dimensional (as in Kim (2017)) to a multi-dimensional one along with the likelihood
of pairwise interdependencies in policies.

The paper has been organised as follows. We formulate a model of two-way trade in horizontally differentiated
products between two large open economies, each with one firm. The firm in the home country, which produces a
differentiated variety of the traded good, act as a Cournot competitor with the foreign firm. Production of the traded
good generates local pollution and the associated environmental damage enters the consumer’s utility function as
disutility from production. The government regulates pollution by imposing a tax on production. The existence of
imperfect competition creates rent seeking incentives for national governments who try to appropriate profits from
the international market through policies regulating trade flows. All proceeds from regulation are redistributed in
a lumpsum fashion to the entire population so as to avoid any more distortions in the economy. Clearly, regulation
of trade flows and environmental pollution also affect the price of the traded good, thereby, inducing firms to lobby
on both trade and environmental policies. We begin by characterising the social optimum whose outcomes form
the benchmark, followed by solving the political equilibrium.

The three-stage game is solved through backward induction. In the first stage, the firm in each country non-
cooperatively chooses its campaign contribution schedule subject to a set of policy outcomes that maximise its

welfare. The policy basket comprises an import tariff and a pollution tax. In the second stage, the policy



maker/incumbent politician sets policies and receives campaign funds from the firm. This is followed by the third
stage where labour and world markets clear and production and consumption take place.

Results suggest that the non-cooperative equilibrium tariff and pollution tax differ across the benchmark scenario
and the political equilibrium. Equilibrium import tariffs are higher than those obtained under the social optimum.
The political inclination induces the government to set a pollution tax that is lower than the socially optimal level.
These results are are consistent with those obtained by Grossman and Helpman (1995), Mehra (2010) and Damania
et al. (2003). We observe that these divergences are reduced when the policy maker becomes less corrupt, i.e.,
his/her preference towards aggregate social welfare increases. Also, a rise in the degree of product differentiation
works as a safety-net for the Cournot firm and reduces its incentive to actively lobby for domestic protection.
This is because consumers consume both the domestic as well as the foreign variety and a rise in the degree of
differentiation between the two cuts down the threat of losing the domestic market share amidst the presence of
the foreign variety.

We characterise trade and environmental policy interdependencies under the social optimum and the political
equilibrium by considering the impact of a change in each of these policies on the marginal effects of these policies on
the following components of the objective function of the policy maker: (a) consumer surplus; (b) firm’s profits; (c)
pollution tax revenue; (d) environmental damage; (e) tariff revenue; and (f) campaign contributions (an additional
component when the policy maker has politically motivated). Under the social optimum, our findings reveal that
both home (foreign) import tariff and pollution tax respond positively to a rise in home (foreign) pollution tax
and import tariff. As environmental regulations tighten in the home (foreign) country, the domestic (foreign) firm
becomes less competitive due to a rise in cost and this increases the rent-capturing incentive of the home (foreign)
government which is reflected in higher trade protection. When import tariffs in the home (foreign) country rises,
the home (foreign) firm becomes more competitive and the home (foreign) government’s incentive to capture rents
from its rival falls. This results in an increase pollution tax in the home (foreign) country. The effect of a rise
in foreign (home) import tariff also leads to a rise in home (foreign) pollution tax. If the foreign (home) country
raises protection, the negative effect of increased pollution tax on the home (foreign) firm’s profits falls. On account
of Cournot competition, a rise in trade protection in the foreign (home) country leads to a reduction in output
of the home (foreign) firm’s production for exports in the other country. This mitigates the effect of decreased
marginal revenue from sales in the foreign (home) country as well as the cost disadvantage from increased tax on
pollution. Therefore, home (foreign) pollution tax rises. However, home (foreign) import tariff responds inversely
to an increase in foreign (home) pollution tax. Again, Cournot competition results in increased competitiveness
of the home (foreign) firm in response to a rise in pollution tax in the foreign (home) country, thereby tempering
the rent-capturing incentive of the home (foreign) government which translates into lower trade protection. Also,
environmental policies at home and foreign are inversely related. As environmental regulations tighten in the
foreign (home) country, home (foreign) output expands and this subsequently aggravates the negative effect of a
rise in home (foreign) pollution tax on the home (foreign) firm’s profit. This leads to a reduction in home (foreign)
pollution tax. Home (foreign) pollution tax also moves downward (upward) when pollution tax revenue is increasing
(decreasing) in the tax rate, i.e., output is less (highly) responsive to changes in the tax rate. The net effect of
the two factors which pulls the tax downward, outweighs the effect which pulls it in the upward direction. This is
due to the marginal gain in consumer surplus from an increase in foreign (home) pollution tax which offsets the
price rise of the output in the home (foreign) country. Hence, the home (foreign) government sets a less stringent
environmental policy. Finally, home (foreign) import tariff rises in response to a rise in foreign (home) import tariff.
It is notable that this emanates from a second-order effect, since market segmentation generates a zero first-order
effect. A rise in trade protection in the foreign (home) country raises the pollution tax in the home (foreign) country
which further raises the level of trade protection in the home (foreign) country.

In comparison to the benchmark, policy interdependencies in case of the political equilibrium are affected by the
government’s considerations for campaign funds. The direction of movement of home (foreign) tariff in response to
a rise in both home (foreign) pollution tax and foreign (home) pollution tax is ambiguous. When the politically
motivated government is highly corrupt, the direction of movement reverses in comparison to that of the social
optimum. Similarly, the response to a rise in home (foreign) import tariff on home (foreign) pollution tax is less
predictable. Such ambiguities arise due to the relative strengths of the two effects, namely, considerations for

aggregate social welfare of the general population; and considerations for campaign funds which directly impact the



likelihood of being re-elected for the next term of political office. While the political consideration tends to lower
home (foreign) pollution tax, considerations for aggregate social welfare leads to the tightening of environmental
regulations at home (foreign).> The reverse holds true when we consider the relationship between foreign (home)
pollution tax and home (foreign) tariff. Finally, home (foreign) pollution tax increases when: the foreign (home)
country raises its import tariff; the foreign (home) country reduces pollution tax. The policy maker’s social welfare
and political considerations tend to work in the same direction. Lastly, owing to the ambiguity in interdependencies
between home (foreign) pollution tax on home (foreign) tariff, the direction of movement of tariffs is indeterminate.
We also undertake a numerical simulation exercise along with a set of regulatory conditions based on some parametric
restrictions which confirms these results.

The following section (Section 2) illustrates the analytical model. Section 3 concludes.

2 The Analytical Framework

We consider a symmetric international duopoly model with one firm located in each of the two countries, namely,
home and foreign, based on the framework developed by Dixit (1988). Each firm produces a unique variety of
the differentiated good. The assumption of two varieties of the product being produced ensures mathematical
tractability. All notations related to the home country are appended with a (%) in order to denote the foreign

country counterparts.

2.1 Consumers

There are n consumers at home, each with identical preferences. Each consumer maximises the following quasi
linear utility function
U=z+u(z,y) —0(X + X"); (1)

where z denotes the consumption of the numeraire good Z whose price in the domestic and the foreign market
is unity and x and y refer to demand for outputs X and Y respectively. The marginal damage from production
at home, 6 is assumed to be exogenous. Let X (= X 4+ X*) denote total production of the home variety, where
X refers to production for home consumption and X* refers to exports to the foreign country. The function u(.)
is differentiable, increasing and concave in each of its arguments. Pollution is a local bad* and enters the utility
function as negative utility.

The budget constraint faced by an individual at home is given as
pT+qy +z=m; (2)

where p, g denote domestic prices of X and Y respectively and m denotes income.

Utility maximisation yields inverse demand functions as
p=p(x,y); (3)
with p, < 0 and p, <0 .

q=q(z,y); (4)

with ¢, <0, ¢, <0.
Further, we also assume that own-price effect is larger than cross-price effect, i.e.,

pe| > |pyl; 1qe] < gyl (5)

3This ties in with the results obtained by Damania et al. (2003) and Fredriksson and Muthukumara (2004) in case of trade in small
open economies with the assumption of perfectly competitive markets and Straume (2006) for commodity trade in duopoly markets.
This is in sharp contrast to the result in the study by Mehra (2010) where the policy maker contains the welfare loss of higher import
tariffs through the imposition of stricter environmental taxes for the protected sector. Unlike our study, Mehra (2010) employs a Nash

bargaining game between the incumbent and the lobby.
4A local bad refers to a good whose production and/or consumption generates negative externality (environmental damage) that is
confined to the national boundary of the country where production and/or consumption takes place.



This helps in ensuring uniqueness of equilibria.

Demand functions are concave in prices, i.e.,
DPzz < 0; Dyy < 0; guz < 0; Qyy <0. (6)

In order to ensure mathematical tractability, demand functions are also assumed to be symmetric across nations

such that own price effects and cross price effects are identical across varieties, i.e.,
Do = Qys Py = Qa; Dyx = Qe Dy = Q- (7)

Consumer surplus is given by
S(p,q) = ulx,y) = plz,y)r — q(z,y)y. (8)

This completes the consumption side.

2.2 Producers

The numeraire good Z is produced using homogeneous labour input L under constant returns to scale in a perfectly
competitive market setting. By appropriate choice of units, the labour-output coefficient is assumed to be unity,
i.e., one unit of labour produces one unit of output Z, with wage rate equal to unity. The aggregate labour supply
is sufficiently large to ensure a positive level of output of Z. There is no pollution associated with production or
consumption of Z. The differentiated good, X , is produced with constant marginal cost c. Pollution damages which
arise from the production of X and X* are subject to a charge imposed by the policy maker, say a pollution tax.
Furthermore, the foreign country imposes a tariff on the exports by the domestic firm.

Profits of the home firm are given as
T =p(@,y) X +p" (=", Y ) X" — (X + X7) —7(X + X7) - " X" (9)

The first two terms on the right-hand side of equation (9) refer to the total revenue from sales in the domestic market
and the foreign market respectively. The third term is the linear cost function. 7 and ¢t* denote the pollution tax
rate imposed by the home government and the tariff on imports of X* imposed by the government in the foreign
country respectively.

Analogously, profits earned by the foreign firm are given as

=gz, y)Y + ¢ (@)Y - (Y YT =7 (Y +YT) — 1Y (10)

where 7* and ¢ denote pollution tax rate imposed by the foreign government and import tariff faced by the foreign
firm respectively.

It is important to note here that the markets are segmented, i.e., each firm considers each country as a separate
market and makes distinct output decisions for each. The duopoly firms act as rivals in the world market and try
to extract profits by capturing a greater market share. Market segmentation also implies that any policy distortion
that is introduced to regulate foreign output meant for sales within the domestic territory (say, an import tariff)
has no impact on the foreign output sold in the foreign market. This gives each country’s governments greater
flexibility to address distortions in owing to market imperfections. On the contrary, environmental policies like
pollution tax are meant for regulating domestic output by internalising the negative externality. Therefore, home
pollution tax affects domestic production meant for home consumption as well as exports to the foreign country.
Similarly, foreign pollution tax affects the output of the foreign firm which is consumed within its territories as well
as exports to the home country.

The market clearing condition requires demand to be equal to supply. With identical preferences of consumers,
we have

ne=X;n"2*=X"ny=Y;n"y =Y \nz=2Z;n"2"=2". (11)



2.2.1 Firm’s problem and equilibrium conditions

The domestic firm faces the following problem:

max 7(X,X™)
(X,X*)

The first-order conditions for profit maximisation are

ox =X = 0; (12)
1. e.,
%px +p=c+r; (13)
and 5
o = "x =0 (14)
1. e., i}
%p}*ﬂ-p*:c-l—T-l-t*. (15)

These give us the best response functions of the home firm for the home variety in home and foreign markets

respectively as
X = X(p,q,m5n,0); (16)

X*=X*(p*,¢*,1,t";n", c). (17)
Similarly, the foreign firm faces the following problem:

max 7 (Y,Y™")
(Y, Y=)

The first-order conditions for profit maximisation are

or* .
Sy = = 0; (18)
i. e,
Y * *
qu-i-q:C +7+ 1 (19)
and P
T
= « =0 20
oY * TY ) ( )
i e.,
quf* +q*=c"+71". (21)

These give us the best response functions of the foreign firm for the foreign variety as
Y =Y(p.q, 7", tin,c"); (22)
Y*=Y"(p*, q", 70", c"). (23)

Each of these first-order conditions show that marginal revenue from each market is equated to marginal costs.
While equations (16) and (22) determine the equilibrium output for home country consumption, equations (17)
and (23) determine the equilibrium output for foreign country consumption.
Now, the solutions given by the expressions (16), (17), (22) and (23) are optimal only if the following second-order
conditions are satisfied, i.e.,
Txx <0; Tx-x+ <0; myy < 0; myey- <O0. (24)

We also impose the following restrictions
Txy <0; mx«y+ <0; 1y x < 0; Ty x- <0 (25)

and

Txx <TXY; Tx=x* < Tx+y+; Tyy < Ty x; Tyeys < Ty xo- (26)



Condition (25) states that own marginal revenue is declining in the level of output of the rival firm, which
implies that the reaction curves are downward sloping. It turns out that outputs of the Cournot firms are strategic
substitutes. Downward sloping reaction functions ensure stability of equilibria and if condition (25) holds globally, it
implies uniqueness of equilibria. However, the negative sign is contingent upon the nature of the demand function.
In case of concave demand functions, the mixed partials of the profit function would be negative (Brander and
Krugman, 1983). Condition (26) implies that own effects of output on marginal revenue exceed cross effects, which
ensures that the sufficiency conditions for local maximum are met.

Conditions (24)-(26) ensure existence, uniqueness and stability of equilibria with
D:ﬂ'XXﬂ”{/y—ﬂ'X)/ﬂ';X>0; (27)

* * * .
D* = Txxx«Tyuys — Txxy*Tywx» > 0; (28)

which imply that the reaction curves cross each other once and only once, i.e., the best response functions satisfy
the single crossing property. Finally, conditions (24)-(28) ensure sufficiency for local maxima.

In case the demand curves are linear, the second-order partial derivatives of the demand functions would be
zero. As a result, the first term on the right-hand side of conditions (A1)-(A8) disappears [see Appendix A]. We
now employ the assumption of symmetric demand functions across nations (given by expression (7)) which further
simplifies the set of conditions (24)-(26) as
TXX = pr; TXY = EPYQ TX*X* = EP}*; TX*Y* = EP?/*;

. 2 2 1 1
Tyy = EQY = pr; Ty x = EQX = ﬁpy; (29)

2 2 1
* . * . ko, * . * . *
Ty =y = FQY* = pr*a Ty«x* = EQX* = ;Py%

The set of conditions in (29) can be substituted in (27) and (28) to get the final expressions as

1
D= ﬁ(ﬁlpi —p?v) > 0; (30)
D*—i(4 2l )>0 (31)
- n*g P x= Py~ .

Since own price effects exceed cross price effects, the terms in parenthesis on the right-hand side of expressions
(30)and (31) would be positive. In other words, the sign of the determinant of the Hessian matrix for profit

maximisation would be positive [see Appendix A and Appendix B].

2.3 Government

The government in each country chooses a tariff and a pollution tax that maximise its objective function. In case the
government is benevolent, it maximises the aggregate social welfare which is a sum of consumer surplus, producer
surplus, tariff revenue and pollution tax revenue net of environmental damage. In contrast, the government with
political objectives (seeking political office in the next term) tries to maximise the likelihood of being re-elected
and attaches some weight to campaign contributions made by political action groups. Consequently, the objective
function comprises both aggregate social welfare and political contributions.

We now turn to provide the comparative static results associated with the effects of changes in pollution taxes and
tariffs on output, which are used later in the analysis to explain some results. These pertain to firm’s optimisation

and will hold irrespective of whether the government is benevolent or politically motivated.

2.3.1 Comparative static effects of tariffs and pollution taxes

We compute the comparative static effects of pollution taxes and tariffs by totally differentiating the first-order
conditions (12), (14), (18) and (20) which yields that,
_ dX - TXY dx*

X, =% XY x2S, 32
'S o D~V =g =Y (32)
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X, = % =0; X} = dj: - ﬂ%f* <0; (33)
tzi—’f:%w;n"zdﬁ:m (34)

Y. = 32: =0 Y = ng = —”%f* > 0; (35)
XTE%ZW*EY<O;X:E%ZW%Z*<O; (36)
X,. = jji _ —”XTY >0; X5 = C;f: = —”’gf* > 0; (37)
YTE%Z—W%‘X > 0; szd;* :—”*Yl;*x* > 0; (38)
Y. = ;Z =<0 v = CZ: = 25X <, (39)

Expressions (32)-(35) show that home market trade policies affect only the home market. This is driven by the
assumption of constant marginal costs. This separation result would be lost if marginal costs depended on output
levels (Dixit, 1984). A rise in tariffs at home raises the production of the import competing home variety and
reduces imports. Furthermore, domestic production of the polluting good is decreasing in home pollution taxes
designed to regulate the negative production externality. Owing to the fact that the firms are Cournot players, a
rise in pollution taxes in one country raises the output of the firm in the other country (shown by (36)-(39)) [see
detailed proof in Appendix BJ.

Proposition 1: An increase in home (foreign) import tariff :
(i) leads to a rise in output meant for sale in the local market;

(i) has no effect on the output exported.

Proposition 2: An increase in home (foreign) pollution tax leads to a fall in domestic (foreign) output and a rise
in foreign (domestic) output.

To be precise, as two open economies, home and foreign, each with only one Cournot firm producing a differenti-
ated good which is polluting in nature engage in two-way trade, policy makers in each country undertake measures
to control trade flows and environmental damages emanating from production of the polluting good. While the
Cournot players compete in output, the policy maker’s objective in each country hinges upon extraction of rents by
raising the competitiveness of the firm operating in the country in question, either by raising domestic protection
or through relaxations on environmental compliance norms, thereby generating a cost advantage for the firm and
aggravating a cost disadvantage for its rival. This forms the essence of strategic trade and environmental policy.
In the present scenario, market segmentation ensures that home (foreign) tariffs only affect the production meant
for home (foreign) consumption and not the output meant for exports. Unlike tariffs, home (foreign) pollution
taxes affect total production in the home (foreign) country, including the output that is exported. Other things
remaining constant, a rise in home (foreign) pollution tax would raise the cost of production of the home (foreign)
firm and thereby lead to a contraction in home (foreign) output. As Cournot competitors, any rise (fall) in the level
of output of one of the players would lead to a reduction (increase) in the marginal profits of its rival. This implies
that outputs of each firm are strategic substitutes.

Next, we outline the stages of the game.

2.4 Stages of the game

We solve for the sub-game perfect Nash equilibrium of the game which takes place in three stages. In the first stage,
the Cournot firm in each country chooses a contribution schedule or bribes for the incumbent government contingent
upon an array of policy outcomes that maximises its welfare. The firm in each country acts simultaneously and
non-cooperatively, taking the contribution schedules of the other as given. Faced with the contribution schedule,
the incumbent government or politician sets policies in the second stage. Observing the set of policies announced,
the firm makes contribution to the government. In the final stage, labour and world markets clear and production
and consumption take place.
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In view of facilitating a comprehensive exposition of the political economy effects of trade and environmental
policies in a duopoly framework, we solve for the social optimum (a baseline model) which is characterised by the
second and the third stage of the game. In this model, political actions groups are either absent or the policy maker
is benevolent and assigns a negligible or no weight to campaign contributions.

In the subsequent sections, we solve for the social optimum, which constitutes our baseline case, followed by the

political equilibrium.

2.5 The social optimum

A benevolent social planner in each country sets pollution taxes and import tariffs by maximising aggregate social
welfare. Aggregate social welfare is given by the sum of labour income, consumer surplus, producers’ surplus,
pollution tax revenues net of environmental damage and tariff revenue. Mathematically, the expression for aggregate

social welfare is given as
WE =1+4nS0)+7()+ (r — nb) X +tY; (40)

where W& denotes aggregate social welfare of the home country. The first-order conditions with respect to ¢t and 7

are
oWe  9(nS)  or  A(rX) 9mbX)  AHY)
a - o Ta e o e Y (41)
OWE  9(nS)  or  A(rX) 9mbX)  A{tY)
ar ~  or or + or  or + or 0- (42)

The policy maker at home takes foreign policies (t*,7*) as given and chooses (¢,7) that maximise social welfare.
Symmetric expressions can be obtained for the foreign country as well.

Both the first-order conditions (41)-(42) for the home country (and, similarly, for the foreign country), can be
decomposed into five major components. These are effects of change of ¢ (¢*) or 7 (7*) on (a) consumer surplus; (b)
profits; (¢) pollution tax revenue; (d) environmental damage and (e) tariff revenue. The government in each country
has to balance the above considerations while determining optimal tariffs and pollution taxes. These effects are
purely partial equilibrium and market driven effects which may not be true in equilibrium and do not incorporate
any political economy considerations. Furthermore, the effects derived are based on the assumption of linear demand
functions. We focus on the home country and discuss each of these decomposed effects in some detail below. A
subscript of ¢ and 7 to a variable denotes the partial effect of a change of the former on the latter.

2.5.1 Effect on consumer surplus

The effects of changes of ¢t and 7 on consumer surplus are obtained to be

as 1

5 =~ (weXe +uy Yo = pXi = Xpy = qVi — Yy (43)
as 1
& _ (uXXT FuyY, — pXo — Xp, — qYs — YqT). (44)
or n

Equations (43) and (44) show how the import tariff and the pollution tax alter domestic prices and demand and hence
consumer surplus, respectively. Using the envelope property in the first-order conditions for utility maximisation

simplifies equations (43) and (44) to

oS 1
a9 o (Xpt + YQt)a (45)
oS 1
—_— = —— X Y N 4
or n( pr QT)’ (46)
where )
pi=—(pxXe+pr¥i) > 0; (47)
1
qr = o (QXXt + QYYt) > 05 (48)
1
pr =~ (pxXe +pyYr) > 0; (49)
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and 1
(axXr +av¥s) > 0; (50)

qr = o
Expressions (47)-(50) refer to the effect of change of policy variables on domestic prices. These effects are obtained
by differentiating the demand functions given in equations (3)-(4) partially with respect to ¢ and 7. Equations
(47)-(50) show that domestic prices are increasing in both import tariff and pollution tax. Since the inverse demand
function of each variety of the traded good depends on the level of consumption of both the varieties, any change in
domestic policy, be it an import tariff or a pollution tax, would comprise the partial effect of a change in quantity
demanded of both varieties. The first term in parenthesis on the right-hand side of equations (47)-(50) refers to
the policy induced change in domestic demand for the home variety followed by the second term which captures
the resultant change in domestic demand for the imported variety. A tariff on the imports of the foreign variety
increases its price at home (assuming that condition in (5) holds). This induces consumers at home to demand
more of the domestic variety, thereby, raising its price and output at home. In contrast, a pollution tax on the
production of the home variety leads to a rise in its price and fall in the domestic output, owing to a rise in the cost
of production. This aggravates the under-provision problem associated with imperfect competition. Now, domestic
demand shifts in favour of the foreign variety, thereby, raising its home price. Therefore, considerations for consumer
surplus requires lower domestic protection as well as a less stringent environmental policy. These results are based

on the assumption that own-price effects outweigh cross-price effects [see assumption in (5)].

Proposition 3 : An increase in home (foreign) import tariff and pollution tax leads to a rise in domestic (foreign)
price of both the home and the foreign variety of the traded good.
Further, using the results in (47) and (48), and (49) and (50) in (45) and (46), respectively, we get

a(nS) _

5 < 05 (51)
a(nS)

or < 0. (52)

Similar results hold for the foreign country as well.

Hence, a rise in tariff or pollution tax in any country (home or foreign) results in a fall in the consumer surplus
of the respective country due to a rise in domestic prices of both home and foreign varieties. From Proposition 3,
we see that both import tariff and pollution tax lead to a rise in the domestic price of the traded good. This causes

the consumer surplus to fall. We, therefore, have the following proposition:

Proposition 4: An increase in home (foreign) import tariff and pollution tax leads to a reduction in domestic

(foreign) consumer surplus.

2.5.2 Effect on firm’s profit

The profit of the firm at home depends on the level of its own output as well as the output level of its rival and the

policies chosen by the social planner at home and in the foreign country. Hence,
m=m(X,Y, X", Y t,7,t", 7). (53)

The effects of changes in ¢ and 7 at home are given as

on

i mx Xt + 1y Y + mx X[+ wy- Y+ g (54)

or N .

5 = xXr +myYe +nx- X+ my Y 4 7 (55)
.

From the first-order conditions of profit maximisation, we get mx = 0 and wx+ = 0. Hence,

0
877;:71')/}/; +7‘(‘y*Y;*+7Tt>O; (56)

0
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In (56) and (57), the first two terms on the right-hand side give us the second-order effects followed by the first-order
effect. In case of import tariff, market segmentation allows the domestic firm’s profit to be unaffected directly by an
import tariff. Therefore, the first-order effect turns out to be zero. As far as the second-order effects are concerned,
the second term on the right-hand side of (56) is also zero owing to markets being segmented, i.e., home import
tariff does not have any impact on the foreign firm’s production meant for sales within its territory. The first term
on the right-hand side of (56), which is positive, gives us the effect of a rise in import tariff at home, which leads
to a rise in the domestic price of the home variety sold at home. Consequently, rents are shifted to the home
firm, which now becomes more competitive and thereby drives up the domestic firm’s profit. In contrast, a rise in
pollution tax takes away excess profits from the home firm in terms of higher cost of production. The first-order
effect of a higher pollution tax is a resultant reduction in output on account of increased cost of production (given
by the third term on the right-hand side of (57)). The second-order effects (both are negative), given by the first
and the second terms on the right-hand side of (57) imply that higher pollution taxes at home expand output of
the foreign firm at the cost of domestic production and hence shifts rents to the foreign firm with the home firm
losing its competitiveness in the international market. Hence, profit considerations for the home firm induces the
government to increase domestic protection on the one hand and lower the pollution tax on the other [see Appendix
B for detailed proof].

Proposition 5 An increase in home (foreign) import tariff leads to an increase in home (foreign) firm’s profit. On

the contrary, home (foreign) firm’s profit decline with a rise in home (foreign) pollution tax.

2.5.3 Impact on pollution tax revenue

The effects of a change in ¢ and 7 on pollution tax revenue are

1
=TXp =~y > 0; (58)

for 7 > 0.
In case, 7 is negative in equilibrium, the above effect would be negative, i.e., pollution tax revenue falls due to

an increase in import tariff due to the environmental subsidy.

And, N
o(tX =~ ~ =~
((; ) X4 r%, = X1+ ) (59)
where ~
X, = oxX =X +X5
or
and ~
X,
A=17— <0
X

denotes the elasticity of output of the home firm with respect to home pollution tax, which is negative.
Now,

a( )Z') >04f [N <1

-

T =0f =1, (60)
<0if |A\>1.

We see that a rise in home tariff would increase pollution tax revenue for a strictly positive level of pollution tax
rate. Since production of the home variety expands as a result of rise in import tariff, the revenue from pollution
tax also rises for a given level of pollution tax rate. This induces the home government to raise domestic protection.
On the other hand, the relation between pollution tax rate and pollution tax revenue depends on the elasticity
of output with respect to pollution tax. When the percentage reduction in output exceeds the percentage rise in
pollution tax, pollution tax revenue falls and vice versa.

Proposition 6(a): Home (foreign) pollution tazx revenue is increasing in home (foreign) import tariff.
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Proposition 6(b): Home (foreign) pollution taz revenue is increasing in home (foreign) pollution taz when the

absolute value of the output elasticity with respect to tax rate is less than unity and vice versa.

2.5.4 Effect on environmental damage

Let the total environmental damage at home is given by

nE(X) = nf(X); (61)

where E(X) denotes per capita disutility from pollution at home.

The effects of a change of ¢ and 7 on total environmental damage are given as

B(nEL%D

5 =nfX, = —%’I’L@py > 0; (62)
and ~
o(nEX)) ) L
— g = nbX, = 2n9<nDpX + n*D*pX*> <0. (63)

While pollution tax reduces environmental damage, an import tariff would increase damage due to rise in the

production of home variety.

Proposition 7: Environmental damage in the home (foreign) country rises with a rise in home (foreign) import

tariff. In contrast, a pollution tax in the home (foreign) country reduces the same.

2.5.5 Effect on tariff revenue

The impacts of a policy change on tariff revenue are captured by

a(tY
XY) _y 1, = V(1 + Jul: (69
where v
t
=¢= .
p=ty <0
denotes the elasticity of home imports with respect to home tariff, which is negative.
Now,
o |70 ul < 1;
tYy
—— =01 =1; 65
5 0if [ul =1 (65)
<04f |pl > 1.
Further,
o(tY) 1
=tY, = ———t 0. 66
or nD PY ~ (66)

Therefore, in order that tariff revenue rises with a rise in import tariff requires that the absolute value of
the elasticity of imports with respect to the tariff is less than one. When the import function is less elastic, the
percentage rise in tariff exceeds the percentage fall in the imports. In case of a rise in pollution tax, there is a
resultant rise in tariff revenue, for a given level of tariff. This is due to the substitution of consumption from the

home variety to the foreign variety driven by the rise in prices of the former.

Proposition 8(a): Home (foreign) tariff revenue is increasing in home (foreign) import tariff when the import

demand elasticity of tariff is less than unity and vice versa.

Proposition 8(b): Home (foreign) tariff revenue is increasing in home (foreign) pollution taz.
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2.5.6 Characterising the non-cooperative equilibrium

By solving the first-order conditions in (41) and (42), the equilibrium import tariff, t¢ and pollution tax, 7¢ in the
home country are derived to be [see Appendix C for detailed proof]

/G _ EpxXi+ V(% —1) = (r —nh) X,

; 67
Y, (67)
and X d X*
Sox X, + YL — 2 p8 Y —tY,
G:’ﬂ9+ n PX d'anpY : (68)
X,
where _
5 _ 87X (X +X7)
Toor or '
Similarly, the equilibrium tariff, ¢t7, and pollution tax, 7% in the foreign country will be
CG Y 4 X (1) — (7 — nt oY) Y
t*G _n qY t (dt . ) (T ) t : (69)
X
Sgp YR XL Yo XX
T*G _ n*e* n qY __n T ; (70)

Y
where _
V.- oY _ 8(Y+Y*).
or* or*

Equations (67)-(70) give us the reaction functions of home and foreign policy variables. In (67), the denominator
is negative. Hence, optimal tariffs would be positive, zero or negative depending on whether the numerator is
negative, zero or positive respectively. The first term of the numerator is negative and captures the rise in home
firm’s output owing to a rise in the domestic price following the import tariff. This is also known as the profit
shifting effect (Brander and Spencer, 1985). For the import tariff to be positive, we must have % <1and 7 > né.
The first condition implies that the rate of change of domestic price of the imported variety with respect to the tariff
must be less than or equal to one, a result similar to the one obtained by Zhang and Zhang (1998). The underlying
intuition is comparable to the theory of incidence and burden-sharing of indirect taxation, which further depends
on the elasticities of both demand and supply curves. Since the rise in home price of the foreign variety owing to
the import tariff is shared by both home consumers and the foreign firm, the rise in price is less than or equal to
the tariff. This is generally true for downward sloping demand curves and upward sloping supply curves, both of
which are linear. In case, the rise in home price of imports exceeds the tariff (a situation where both demand and
supply curves are downward sloping but the supply curve is flatter than the demand curve), the burden of tariff
falls on the consumers to the benefit of the producer. As a result, this would pull the equilibrium tariff downwards.

In the present model, the change in domestic price of the imported variety with respect to the tariff is given by

expression (B2) in Appendix B. In order to verify if this is less than unity, we compute the following:

(2px® —py?) — 1. (71)

1
1=
a n2D

Using the result from (30) in (71), we get

g —1=——5=2px2 <0; (72)

1
n2D
which shows that the rise in the domestic price of the imported variety is less than the rise in the tariff rate.

The second condition implies that the pollution tax does not fall short of the marginal damage from pollution.
When the marginal damage from pollution exceeds the pollution tax, the social planner driven by the consideration
for a better environmental quality encourages imports by slashing the import tariff.

Next, substituting for the terms from Table 6 [see Appendix B and Appendix C] and the expressions in (30)
and (B2) simplifies the result in (67) to

el Xpy Y

=——"0 - prJr(Tan)

— (73)

2pX
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For strictly positive levels of output, the first two terms on the right-hand side of (73) are strictly positive. Therefore,
equilibrium import tariff would be positive (¢ > 0) only if the pollution tax is at least equal to the marginal damage
from pollution, i.e., 7 > nf. Since the home firm would suffer a cost disadvantage from a stringent environmental
regulation, the government compensates the loss in the firm’s profits through an import tariff.

In (68), the denominator of the second term on the right-hand side is negative. The optimal pollution tax would
be greater than or equal to the marginal damage from pollution only if the rise in tariff revenue from rise in imports
driven by rise in domestic pollution tax (i.e., Y;) exceeds the reduction in home firm’s profits from falling demand
and output of the home variety and simultaneous rise in production of the foreign variety (the former is given by
the first two terms and latter is given by third term in the numerator). Analogous conditions can be derived for
the foreign country.

Substituting for the terms in (68) from Table 6 [see Appendix B and Appendix C] and the expressions in (30)
and (31) and the expression from (B4) yield

* 2
BoPX T BpPxPy + pepye’ —t(— Ghpy)

7% =nh + T 1
. + — *
nDpX n*D*pX*

. (74)

Since the denominator of the second term on the right-hand side of (74) is negative, equilibrium pollution tax would
exceed the marginal damage from pollution if and only if the numerator of the second term is strictly negative.
For positive levels of output, the first three terms of the numerator are strictly positive. In contrast, the last
term of the numerator is negative for a strictly positive level of import tariff. In case of an import subsidy, i.e.,
t < 0, equilibrium pollution tax is less than the marginal damage from pollution. An import subsidy reduces the
competitiveness of the home firm and induces the government to contain the cost disadvantage of the firm through
a relatively less stringent environmental regulation. A necessary condition for the equilibrium pollution tax to be
at least equal to the marginal damage from pollution is that the import tariff set must have a lower bound, say t.
From (74) ,

X Y * 1
G . 2 x 2
>nf if —— —_ —— Py =t — —= <0
T 2nb 1 TL2DpX+TL2DpoY+n*2D*pY ( nDpY)_ ;
X 2 Y X* s 2
I . 2pPx T 72pPxPY + 2p=DPy~
=7 >nf if t>2 o T n ;
(- 7ppy)
= 7% >nb if t>t; (75)
where X v . )
*
= nszXJFmele+Wpy* < 0. (76)
(= 7ppy)

Given the sign restrictions, the lower bound of the import tariff is strictly positive for strictly positive levels of
output. Whenever, the import tariff exceeds the lower bound, equilibrium pollution tax exceeds the marginal
damage from pollution. Trade protection ensures a competitive edge to the home firm and increases domestic
production. As a result, the government raises environmental regulations to combat the welfare loss from increased
pollution.

The second-order conditions are verified in Appendix D.

2.5.7 Strategic policy interactions

In this section, we compute pairwise interdependencies in policies in a non-cooperative framework. The direction of
change can be obtained by differentiating the first-order condition for each policy variable with respect to at most
one of the policies while holding the remaining policy variables at the non-cooperative equilibrium level. Following
Straume (2006) , we analyse policy interdependencies using the decomposed effects. We do this by tracing out
movements in the policy variables by considering the change in the marginal effects of a particular policy change
due to a change in the other policy on each component of the welfare function, namely, consumer surplus, firm’s
profit, pollution tax revenue, environmental damage and tariff revenue. These individual effects have been already
discussed in Section 2.5. First, we consider the movement in home import tariff due to a change in home pollution
tax, foreign import tariff and foreign pollution tax. In the subsequent section, we trace out the movement in home

pollution tax on account of a change in home import tariff, foreign import tariff and foreign pollution tax.
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2.5.8 Movement in tariff on imports in the home country

Differentiating (45) with respect to 7, 7* and ¢* yields

‘9<a“ﬁj>- L >o. (77)

or\ ot “n3D
o (0(nS 1
&$<;ﬂ>=—MD¢A@§—@@>m (79)

and

8 [9(nS)) _
at*< ot >0' (79)

Expression (77) shows that a rise in home pollution tax leads to a reduction in the adverse marginal effect of
increased import tariff on home consumer surplus. When the home tariff is ¢, a rise in home pollution tax increases
the output of the foreign firm since it generates a cost advantage owing to an increase in its rival’s (home firm’s)
costs. This tempers the price rise of the imported variety at home and thereby represses the negative impact on
consumer surplus. Therefore, domestic protection rises as environmental regulations get tougher at home. In a
similar fashion, a rise in foreign pollution tax reduces the negative effect of increased home tariff on imports on
home consumer surplus (given by expression (78)). As the foreign pollution tax rises, output of the home firm rises
(from the result in (37)) and tempers the price rise of the home output sold in the local market. Consequently, with
a rise in foreign pollution tax, the home government raises domestic protection. Finally, there are no first order
effects of a change in foreign import tariff on the marginal effect of a change of home tariff on consumer surplus,
since markets are segmented (given by (79)).

Now, we differentiate (56) with respect to 7, 7* and ¢* in order to find their impact on the positive effect of

increased tariff on home imports on the home firm’s profit.

0 (0r 1
o <8t> = W‘W%{PY < 05 (80)
o [om 1

p ((‘31?) = —W%?XP%/ > 0; (81)

and

o [orm
2 ()0 o

Therefore, a rise in pollution tax at home lowers the positive marginal effect of tariff on home profits (given by (80)).
Higher pollution tax lowers domestic output and hence reduces the increased competitiveness of the home firm from
a rise in home import tariff. In order that the firm is able to retain its market power in the international market,
import tariffs must rise. On the contrary, from (81) we can see that the home firm becomes more competitive with
a rise in foreign pollution tax. Therefore, the home government’s incentive to capture foreign rents reduces and
hence home tariff falls. Furthermore, (82) shows that the import tariff imposed by the foreign country does not
have any direct impact on the marginal effect of a change of home tariff on the home firm’s profit.

We now turn to the impacts of a change of 7, 7* and ¢* on the change in pollution tax revenue, at margin, due

to increased home tariff. Differentiating (58) with respect to 7, 7* and ¢* yields

0 (8“5()) — Ly >0 (83)

or ot nD

o (X))
87’*( ot >_0’ (84)

9 (0(rX)\
aw( o >_o. (85)

and
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From (83), it is evident that a higher pollution tax at home increases the marginal revenue from pollution tax due
to increased import tariff. When an import tariff is imposed on the imported variety, output of the home variety
rises, thereby raising the marginal revenue from increased pollution tax. Hence, the incentive to capture foreign
rents falls, which results in a lower import tariff at home. Expressions (84) and (85) show that any change in the
home pollution tax revenue owing to a rise in the level of domestic protection is not directly driven by changes in
the foreign policies.

In order to compute the effect of a change in 7, 7* and t* on the marginal effect of change of import tariff at
home on the overall environmental damage at home, we differentiate the expression in (62) with respect to the

above policy variables. We get

) (a(w(f») ) (a@m(i») ) (a(nE()?))> o (56)

ar\ "~ ot " or at ~ o ot
which shows that there is no impact of a change in home pollution tax on the marginal increase in environmental
damage from the imposition of a tariff. This is due to the assumption of linear demand functions. So some positive
marginal effects must be fully offset by negative marginal effects such that this remains unchanged. For instance,
a rise in home import tariffs increases total environmental damage owing to expansion of production of the home
firm. However, this effect is completely offset by a rise in home pollution tax. Further, foreign policies have no

direct impact on the marginal effect of import tariff on environmental damage.
Lastly, we differentiate (64) with respect to 7, 7* and t* for computing their effect on the change in home tariff

revenue from an increase in domestic protection. Differentiating (64) with respect to 7, 7* and ¢* yields

0 (a(m> . (87)

ar\ ot nD
o [ouy)) 1 .
or (m) = apx =0 (88)

and

o (ouv)\ _
o (m) =0 (89)

A rise in home pollution tax increases the marginal effect of a rise in import tariff on tariff revenue (shown by
(87)). When the tariff revenue increases (decreases) with tariff (a situation where imports are less (more) elastic
with respect to a tariff), a rise in home pollution tax increases (reduces) this positive (negative) effect. Hence,
consideration for tariff revenue would be reflected in lower (higher) domestic protection. Imports being less elastic
with respect to the import tariff, a substantial rise in import tariff leads to a less than proportionate reduction
in imports and hence increases tariff revenue (see condition (65)). From (87), this positive marginal effect is
aggravated by a rise in home pollution tax. Therefore, the government is induced to reduce home protection when
home pollution tax rises. The converse is true when imports are highly elastic with respect to import tariff. In
contrast, expression (88) shows that a rise in foreign pollution tax leads to a rise (fall) in home import tariff when
the elasticity of imports with respect to the tariff is less (more) than one. Finally, the result in (89) shows that
foreign tariffs do not have any direct impact on the marginal effect of import tariffs at home on home tariff revenue

due to the assumption of segmented markets.

2.5.9 Movement in home pollution tax

In this section, we compute the impact of change of home tariffs, foreign tariffs and foreign pollution tax on home
pollution tax.
Differentiating equation (46) with respect to ¢, t* and 7* yields

o [ 9(nS 1

o (oms)\
8t*( ar )‘0’ (91)
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and

o [9(nS 1
or* < (37' )> - _n3D2p§/ > 0. (92)

From expression (90), we see that the environmental policy gets more stringent with an increase in domestic
protection. As the import tariff at home rises, the resultant rise in domestic production offsets the negative
marginal effect on consumer surplus due to the imposition of a pollution tax on domestic production. In contrast,
an import tariff imposed by the foreign country has no impact on this negative effect (expression (91)). This is
driven by the assumption of separation of markets, i.e., a foreign trade policy has no effect on domestic prices.
Expression (92) shows that home pollution tax is increasing in foreign pollution tax. As the foreign pollution tax
rises, the home firm faces a marginal cost advantage relative to its rival which offsets the price rise of the output at
home. This leads to a reduction in the negative effect of home pollution tax on home consumer surplus.

Now, we differentiate equation (57) with respect to ¢, t* and 7* in order to find their impact on the marginal

effect of increased pollution tax at home on the home firm’s profit. This exercise gives us the following results:

o [ or 1 1
o <a> = oo (14 aprh) >0 59)
o [onm 1
) = -8y > 0; 4
ot* <5T> n*3D*28pX >0 (94)
and
g (om\ 1, 1 «2  x
oy (87) = 4(@%{?1’ + WP X*pY*> <0. (95)

Expression (93) shows that an increase in domestic protection results in a tougher environmental policy at home.
In general, an increase in home import tariff leads to an expansion in the output sold in the local market. This
rise in output would temper the negative effect on the home firm’s profit due to imposition of the pollution tax.
In case of a rise in foreign import tariff, the subsequent reduction in home exports compensates for the negative
effect of the pollution tax at home on the home firm’s profit (given by expression (94)). Therefore, home pollution
tax rises with foreign import tariff. From (95), it is evident that home pollution tax decreases with a rise in foreign
pollution tax. As the environmental policy in the foreign country tightens, the negative effect on the home firm’s
profit exacerbates owing to a fall in marginal revenue in both home and foreign markets due to a rise in its output.

We now differentiate equation (59) with respect to ¢, t* and 7* to examine the impact on the marginal effect of

home pollution tax revenue due to an increase in the pollution tax at home. We get the following expressions:

0 (8(7)?)) R (96)

ot or nD
o (orx)\ 1 ., _
6)t< or >_n*D*2pX*<O’ ©7)
and _
o (o¢rX)\ /1 1,
aT*< o7 )(WPY+WPY*)>°~ (98)

From (96), we see that a rise in home import tariff raises the marginal effect of a rise in home pollution tax on
the tax revenue. In case, the elasticity of home output is less than one, the rise in import tariff is accompanied
by a fall in home pollution tax. This is because of the fact that the revenue from pollution tax is increasing with
the tax and this positive effect is further amplified by a rise in home import tariff. Otherwise, pollution tax is
non-decreasing in home import tariff. When the level of protection rises in the foreign country, the marginal effect
on pollution tax revenue falls (given by expression (97)). When the domestic output is less elastic with respect to
a pollution tax, the revenue from pollution tax would be increasing. However, with a rise in foreign protection,
production of export, X* falls, which reduces the pollution tax revenue at margin. Consequently, considerations
for tax revenue pull in the direction of a higher pollution tax rate. This relationship reverses when the revenue

from pollution tax falls with a rise in the tax rate. In this case, a higher import tariff abroad is accompanied by a
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less stringent environmental policy at home. Lastly, expression (98) shows that home pollution tax would fall (rise)
with a rise in foreign pollution tax when the tax revenue from pollution at home is increasing (decreasing) with the
tax rate.

The next step is to examine the relationship between policy variables t, t* and 7* and the negative effect on
marginal damage from increased taxation on pollution. We differentiate equation (63) with respect to the above

variables to obtain the following;:

9 (0mE(X))\ 9 (0mE(X))\ 9 [dmEX))\
at< or )‘m*( or >_aT*< or )‘0’ %9)

which shows that this effect is independent of any change in ¢, t* and 7*. This is again due to the assumption of
linear demand curves.
Finally, we differentiate equation (66) with respect to t, t* and 7* in order to find the impact on the positive

effect of increased pollution tax on home tariff revenue. The results are as follows:

0 (a(ty)> - Lo (100)

ot or nD

o (o) o [ouv))
8t*< or )87*( or )O' (101)

We notice that a rise in home import tariff increases the positive effect of increased pollution tax on home tariff

and

revenue (given by expression (100)). Therefore, tariff revenue considerations would tend to pull the pollution tax
downwards. Evidently, the incentive to raise pollution tax to expropriate the additional revenue from tariff keeps
falling as home tariff rises. Expression (101) shows that foreign policies have no impact on the gain in home tariff

revenue owing to the linearity assumption.

2.5.10 Best response functions measuring the overall effects

Apart from the decomposed marginal effects discussed in the previous section, we need to measure the total effect
of a change of one policy on any other. This is obtained by total differentiation of the first-order conditions for the
social optimum (given by the conditions in (41) and (42)).

We begin with the first-order condition for the non-cooperative equilibrium import tariff at home (condition
(41)) to derive the best response function of home import tariff. Using results from Section 2.5.1-Section 2.5.5,
condition (41) can be expanded as

X
W= (= (Xp+Ya)) + (;pth) +(X) + (= n0x) + (Y +017) =0, (102)
Differentiating (102) totally and utilising expressions from (D1), (D5) and (D6) [see Appendix D] yield
WSdt + WEdr + WE.dr* = 0; (103)

where 1
WiTe = =(peXre + @ Vre) + —pyYiXow 4 Yoo (104)

is obtained by partially differentiating (102) with respect to 7* [see Appendix E for a detailed proof].
Re-arranging terms in (103) and using the results from (29) and (32)-(39) give us

dt = \Sdr + 257, (105)
where,
wge 1
N=—1T =~ py >0 106
and

wE. 1
2\ =~ — <, 107
2 wg 3 (107)
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which implies that the incentive for the home government to raise home import tariff outweighs the disincentive
from the same [as discussed in Section 2.5.8 and subsequently summarised in Table 1(a)]. Hence, increased domestic
protection is accompanied with a tougher environmental policy at home (from (106)). In contrast, a rise in foreign
pollution tax is accompanied by a reduction in home protection. A tougher environmental policy at home strengthens
the rent-shifting incentive of the home government which leads to an increase in domestic protection. Higher
pollution taxes at home have an adverse impact on the profits of the home firm in comparison to the foreign firm.
Further, consumers at home are worse-off owing to a rise in domestic price of the home firm’s output. However, there
are welfare gains from an improvement in environmental quality due to stricter regulations on production activities
generating pollution. The converse is true when the foreign country raises its pollution tax (from (107)). From
(105), we notice that domestic trade policy is independent of foreign trade policy. This is due to the assumption
of segmented markets.® However, home import tariff depends on foreign import tariff via the reaction functions for
home and foreign pollution tax.

Proposition 9: Home (foreign) tariff increases when:

(i) the home (foreign) country undertakes a tougher environmental policy;

(i) the foreign (home) country undertakes a laxer environmental policy.

Also, foreign (home) tariff has no first-order effect on home (foreign) tariff.

Next, we derive the best response of home pollution tax. Using results in Section 2.5.1-Section 2.5.5, condition
(42) can be re-written as

*

X X - = = =
WE = (= (Xpr +Ya) + (Spy¥e + =op'y¥7 = X) + (X 47X ) + (- noXo)

*

(108)
+(12) =o0.
Total differentiation of (108) and further substitution of expressions (D2) and (D5) [see Appendix D] yield
WSdr + WSdt + WS.dt* + WE.dr* = 0; (109)
where ) )
G _ * * ok * *2 .
WTt* = ﬁpY*YT Xt* = _WQPX*[) yo* > 0, (110)
and ) ) )
G _ * * * * * VoK 3 .
WTT* — _(pTXT + qTYT ) + EpyYTXT + ﬁpY*YT X‘I’* — Wp*y* < 0, (111)
are derived by partially differentiating (108) with respect to t* and 7*, respectively.
Re-arranging terms in (109) and using results in (29) and (32)-(39) give us the following result:
dr = A§dt + ASdt* + ASdr™; (112)
where,
()
wea *%PY(ZLP%( - P%/)
AG = b = n°D > 0; (113)
Wg— 1 4 2 .2 1 4p* ) *2 %2
WPX( DX pY)"_W px-(2p"%- —P"y-)
©)
()
G — 2%y
* T %32 X Y=
A = W n*"D > 0; (114)
Wg. 1 (42_2)+ 1 4*(2*2_*2)
r;DQPX Px — Py 3D Dx\eP x= =P y=

Q)

5In case markets are inter-connected, any policy distortion introduced by the home government that regulates foreign output meant
for sales within the domestic territory (say, an import tariff) would affect the foreign output sold in the foreign market.
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and
)
—_———~
1 3
WG* 3 *QP*Y*
A =21 = n*"D <0. (115)

wg 1

P (% — 1Y) + i (20 % — ')

n*3 D*2
¢
and the signs of the above coefficients follow from conditions (5), (29)-(31), (D2), (D5), (110) and (111).

Equation (112) shows that home pollution tax is increasing in both home and foreign import tariff but decreasing

in foreign pollution tax. The incentive to raise home pollution tax outweighs the incentive to reduce the same when
domestic protection rises. The incentives for a higher pollution tax include: one, an improved the environmental
quality; two, higher revenue from pollution tax provided that the output is less responsive to a rise in the pollution
tax rate; three, an increase in import tariff revenue as consumers switch from the costly home variety to imports. In
contrast, the disincentives from a higher pollution tax are: one, higher domestic prices causing a loss in consumer
surplus; two, lower profits for the firm; and, three, reduction in pollution tax revenue when output is highly elastic
to changes in the pollution tax rate. Now, increased domestic protection improves the competitiveness of the home
firm and also reduces the home government’s incentive to capture rents from the foreign country as a consequence
of strategic trade. As a result, environmental policy becomes more stringent. When the foreign import tariff rises,
the negative marginal effect of increased pollution tax on the home firm’s profit falls. This is due to the reduction
in the home output meant for exports which moderates: (a) the effect of decreased marginal revenue from sales
of home output in the foreign country; (b) the cost disadvantage from increased taxation on pollution. Therefore,
home pollution tax would rise. However, considerations for pollution tax revenue alone would pull home pollution
tax downward (upward) depending on the elasticity of output with respect to pollution tax being more (less) than
one. From (114), we know that a rise in foreign protection decreases the marginal gain in tax revenue due to a fall
in home exports. In the present scenario, profit considerations for the home firm outweigh the considerations for
pollution tax revenue. As a result, home pollution tax rises with foreign protection. Lastly, home pollution tax is
inversely related to foreign pollution tax (expression (115)). While considerations for consumer surplus from a rise
in foreign pollution tax lead to a rise in home pollution tax, this effect is outweighed by the consideration for home
firm’s profit and pollution tax revenue (when it is increasing in pollution tax rate). A rise in foreign pollution tax
leads to an expansion of home output and aggravates the negative marginal effect of a rise in home pollution tax on
the home firm’s profit (expression (95)). This leads to a reduction in home pollution tax. Home pollution tax also
moves downward (upward) when pollution tax revenue is increasing (decreasing) in the tax rate, i.e., output is less
(more) elastic to changes in tax rate. The net effect of the two factors which pulls the tax downward, outweighs
the effect which pulls it in the upward direction owing to a marginal gain in consumer surplus from an increase in
foreign pollution tax (from expression (92). Hence, the home government sets a less stringent environmental policy.

Table 1(b) summarises these results.

Proposition 10: Home (foreign) pollution tazx increases when:

(i) the home (foreign) country raises its import tariff;

(ii) the foreign (home) country raises its import tariff.

(i) the foreign (home) country reduces pollution taz.

Quite contrary to the interaction between the import tariff at home and pollution taxes at home and abroad,
the expressions in (79), (82), (85), (86) and (89) show that the tariff on imports by the foreign country do not have
any direct impact on domestic protection. Since markets are segmented, import tariffs of one trading nation do not
appear directly into the best response function of its partner. Instead, strategic interaction in trade policies enters

in an implicit form through the reaction functions for environmental policies, i.e.,
t=1t(r,7"); " =17 (7, 7"); (116)
where
T=71(t,t%,7%); 7" =T7(t, %, 7). (117)

Here, (116) denotes the set of best response functions for trade policies of the two countries. These are composite

functions, which further depend on the set of equations given in (117).
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Therefore, the response of ¢ with respect to a change in t* is given by

dt
dt*

dr
o at

ot

= = \EAS > 0; (118)
G

G

where subscript G or superscript G represents the effects pertaining to the social optimum.
Expression (118) shows that the change in foreign tariff generates a second-order effect on home tariff via the

change in home pollution tax. Table 1(a) and Table 1(b) summarise all of the above results.

Table 1(a): Response of home import tariff on the components of aggregate social welfare to changes in policy
variables

Policy variables | Consumer surplus | Firm’s profit | Pollution tax revenue | Environmental damage | Import tariff revenue | Overall response of ¢

T (+) (+) Q) 0 (+)/0)* )
™ (+) ) 0 0 (+)/)*
t 0 0 0

(==
o

* The sign depends on the elasticity of import demand with respect to home import tariff, as stated in (65), (87) and (88).

Table 1(b): Response of home pollution tax on the components of aggregate social welfare to changes in policy
variables

Policy variables | Consumer surplus | Firm’s profit | Pollution tax revenue | Environmental damage | Import tariff revenue | Overall response of 7

t (+) (+) (/)" 0 ) (+)
t* 0 (+) (+)/(-)** 0 0 (+)
T (+) ) (H)/C)** 0 0 )

** The sign depends on the elasticity of output with respect to home pollution tax, as stated in (60), (96)-(98).

Figure 1 and Figure 2 show the best response functions for each pair of policies, which are derived from conditions
that ensure stability of the equilibria [see Table 2 . Each of the stability conditions show the respective slopes of the
reaction functions of a pair of policies in each quadrant. This follows from expressions (106), (107) and (113)-(115).
The reaction functions ¢; (and ¢7) and ; (and ¢}) represent the best response of home (foreign) import tariff
and home (foreign) pollution tax, respectively. The subscripts ¢ = 1, 2 for ¢; (and ¢7) and v; (and ¢}) refer to
the arguments of the best response functions pertaining to trade and environmental policies at home and foreign,
respectively. Finally, the reaction functions 6 (and 6*) denote the best response of home (foreign) import tariff to
foreign (home) import tariff and functions © (and ©*) denote the best response of home (foreign) pollution tax to
foreign (home) pollution tax.

Table 2: Stability conditions

[ Quadrant Plane ConditionT
1 (t,7) wSwo > wEwg,
(t.t%) WEWE x> Wi w i
1 @, wl,wE >wg w&,
I () Wtq‘t*wg"ﬂ'* > Wf,G*r*Wg‘t*
(r,7%) W-rGr W-g‘r* > Wf-;r* W-g‘r
v (¢, %) wEWEG > wl o wb,

1 These conditions are associated with the slopes of the respective reaction functions which ensure stability, i.e., they ensure

that the Hessian matrix is positive definite (a sufficient condition for local maximum).
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Figure 1: Trade and environmental policy interaction
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11 t* |

t =0(t")

T=1, (t*)\ t" = ¢1(z)
G+ t* = 0*(t)
¢6° t
G*O /
/
T =y1(t)
t=¢,(1")
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Figure 2: Trade policy interaction and environmental policy interaction

2.6 The political equilibrium

The two policy instruments, namely import tariffs and pollution tax, are employed by the policy maker to control
imports and local pollution respectively. Firms in each country are susceptible to any change in the policy paradigm.
Moreover, the firms being imperfectly competitive, have an incentive to use the positive economic profit to sway
policies in their favour. Each firm acts as a producer lobby which presses the policy maker to raise import tariffs
and lower pollution taxes. The policy maker or the regulator, in turn, is politically motivated and aims to maximise
its political welfare. Political welfare is contingent upon the level of financial support extended by special interest
groups which can be used for political advertising for motives of being re-elected.

The stages of the game are as follows. In the first stage, the lobby offers the policy maker a contribution schedule
which is contingent upon the policy stance. In the next stage, the policy maker determines the optimal policy and
accepts the contribution from the lobby. The firm along with the policy maker assume that foreign policies are
given. In the last stage, production and consumption decisions are made and all markets clear. The game is solved
through backward induction.

The utility function (gross of contributions) of the producer lobby in the home country is given as

B(t,r;t%,7") =7 (.). (119)

Following Grossman and Helpman (1995), the policy maker is assumed to maximise a weighted sum of the bribe
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received and the aggregate gross of contributions social welfare equal to
WP =cCt,r:t5,7) + aWC(t, 7;t*,77); a > 0; (120)

where C(t, 7;t*, 7*) denotes the contribution schedule and a is the weight attached by the policy maker to aggregate
social welfare relative to the weight on the bribe received from the producer lobby.
Based on the Bernheim and Whinston (1986) formulation, the Nash equilibrium tariff and pollution tax, t© and

7P can be found using the following two necessary conditions:
x = argmax C(.) + aW%(); (121)
X
x = argmax [B(.) — C()] +[C(.) + aW¥(.)]. (122)
X

Condition (121) requires that the equilibrium policy vector, x° = (¢t O,TP 0), maximises the policy maker’s utility
function while by condition (122) the equilibrium policy vector also maximises the joint utility of the lobby and the
policy maker.

The equilibrium characterisation is found by taking the first-order conditions for (121) and (122) which yield

WP _oc() , owe()

5 B o = (123)
and
oB(.) 0C(.) oC(.) owe() |
I o 7t Ay ] = 0. (124)
Using (123) in (124), we have
oB(.) 0C(.)
iy (125)

Equation (125) reflects the local truthfulness of the contribution schedule offered by the producer lobby.
The characterisation of the equilibrium policy vector is found by substituting (125) in (123) which yields

owr _0B(.) +a8WG(.)
oy Oy 195%

=0. (126)

In a similar fashion, the above first-order conditions can be decomposed into a number of components. In addition
to the components discussed in case of the social optimum, any change in the weighted welfare function brought
about by a change in ¢ or 7 would affect the utility function (or rent) of the producer lobby. Since the utility
function is equivalent to the profit function of the home (and foreign) firm, any change of policy which affects the

profit function would translate into a change in electoral contributions to the policy maker. Mathematically,

oB or X X

ot ot o PY it = To s EPXDY > (127)
0B oOr X X* = X * 2 >
==y Yo+ Y - X = — 3 e+ X 0. 128
ar _or  ntY + PR <n2DpY + n*zD*p ve ) < (128)

Expressions (127) and (128) show that the welfare of the producer lobby in the home (foreign) country is rising
in import tariff and declining in pollution tax at home (foreign). A rise in home (foreign) import tariff increases the
domestic price of the importable in the home (foreign) country and augments competitiveness of the home (foreign)
firm. This increases the profit of the home (foreign) firm. On the contrary, a rise in home (foreign) pollution tax
escalates production costs incurred by the home (foreign) firm and makes the respective firm less competitive. This
affects its profits adversely.

Combining this with Proposition 5, we have the following result:

Proposition 11: Rents reaped by the home (foreign) lobby are rising in home (foreign) import tariff and decreasing
in home (foreign) pollution tax.
Next, we solve for the non-cooperative levels of import tariff and pollution tax for the home country in the

presence of the producer lobby.
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Employing condition (126) for x = {¢, 7} and using results from (127) and (128), we derive the equilibrium levels

1X
tf =19 + <— py>; (129)

of tariff and pollution tax at home as

an
where < p
Sox X +Y (5 —1)— (71 —nb)X,
16 = n PX At (3 )~ ( ) t; [from (67)]
Y;
and
1 s X X*
P G * *
= — | X — —pyY; — Y 130
=7 +aXT< Py Py T> (130)
where < 4 .
Spx X, + YL — 2op* Y —tY,
76 = ng 4 ol ar _w Py . [from (68)]
X,
Similarly, equilibrium tariff and pollution tax in the foreign country are given as
1Y*
* P *G *
" =t - — « |3 131
+ ( el X ) (131)
where " o
L@y Y + X (S — 1) — (77 — n 0" )Y ¥y
pG oyt (% )~ Y7 i [from (69)]
X
and
1 ~ Y Y*
* P *G * *
= — Y — —gx Xor — —q¢" o X" |5 132
T T +a*YT*< nQX n*QX > (132)
where

Y* o« * + dp” Y o« * VoK
G Y e + X — S e X — X
T =net + L dr’__n

Y,

Expressions (129)-(132) are the equilibrium levels of policy variables when the policy maker is politically moti-

. [from (70)]

vated. These can be easily compared to the socially optimal levels of the policy variables in (67)-(70), respectively.
In (129), the second term on the right-hand side is strictly positive [see (127)]. Hence, the optimal import tariff

when firm lobbies are fully functional is higher than the one associated with the social optimum, i.e.,
7] = 1.

On the other hand, the equilibrium pollution tax is lower than the socially optimal value. This follows from the

second term on the right-hand side of (130), which is unambiguously negative [see (128)]. We have
[ < ¢,

Similar results hold for the foreign country.

It is noticed that imperfectly competitive firms may influence policy makers to set policies which are more
favourable to them. While the higher level of protection provides a competitive edge to the firm which produces a
variant of the imported good, the relatively lax environmental policy allows a cost advantage. These results allude
to the studies by Damania et al. (2003) and Mehra (2010).

Proposition 12 In case of the political equilibrium, the import tariff is higher than what is socially optimal. On
the contrary, the corresponding level of pollution tax is much lower than that of the socially optimal level.

Proposition 12 can be utilised to the explain the role of product differentiation in lobbying. From (129) and
(130), we get

1X
PG — (133)

and

1 oyl
G P * j/*
T — T —_—— x — pE'YT D v . 134
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Differentiating equations (133) and (134) partially with respect to —py, which captures the degree of product

differentiation, yields
o %) 1X

-2 135
(o) _an (135)
and 8( . P)
7% — 71 1 X
- 2y s 136
W pv) k. n (136)

Expressions (135) and (136) show that product differentiation reduces the wedge between the equilibrium levels of
policy outcomes under the social and political equilibrium. As the imported variety becomes highly differentiated
(i.e., —py falls), the domestic firm faces less competition from its foreign rival which sufficiently weakens its incentive

to lobby for higher protection and lower environmental regulations.

Proposition 13: A higher degree of product differentiation compresses the deviation between the non-cooperative
equilibrium outcomes under the social optimum and the political equilibrium.

Furthermore, the wedge between the two outcomes is also driven by the level of corruption (given by a fall in
a). Differentiating (129) and (130) with respect to the parameter a, we get

or 1 X
— 0: 137
o _@ntY <Y (137)
and
orf 1 =~ X X*
— =X - —pyY, — —p". Y 0. 138
Oa a2XT< n?Y P Y T) > (138)

In the political equilibrium, optimal tariff level rises with a fall in the weight attached aggregate social welfare
(i.e., the policy maker becomes more corrupt). In contrast, the optimal pollution tax is rising in a, i.e., increased

corruption lowers pollution tax.

Proposition 14: Corruption increases the optimal level of import tariff and reduces the optimal level of pollution
taz.

The second order conditions appear in Appendix D.

2.6.1 Best response functions

In like manner, we compute slopes of the best response functions when policy outcomes are not at the first-
best levels. These are obtained by total differentiation of the first-order conditions associated with the political
equilibrium (condition (126)).

Using results from Section 2.5.1-Section 2.5.5 and (119) condition (126) can be expanded as

X X
W= (Spv) +a| (= Kpo+Ya)) + (Sovde) + (7X0) + (= nox) + (Y +33) | =00 (139)
for x =t, i.e., home import tariff.
Total differentiation of (143) and further substitution of (D8) and (D11) yield
whdt +wrdar + wrh.dr* = 0; (140)
where
P 1 * 1 1 2
WtT* = 7pYYtXT +aq — (thT* + thT*) + 7pYY;5XT* + YT" = _ﬁ2poY
n n n3D (141)

1
+a(TL31)2pX(4p§( - p%)) :
Re-arranging terms in (140) and using the results from (29) and (32)-(39) give us

dt = \Pdr + \Edr~; 142
1 2
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where,
) (+)
1 1
- Wp W‘lp%(plf + a( - WPY(@%( - p%)) 113
A= T = ; 143
W) (-W)
and
(+) -)
1 1
we. et ok )
A= = - . (144)
(=Wi) (=Wi)

Comparing (143) with (106) and (144) with (107), it is evident that the signs of coefficients in the differential
expression in (142) are ambiguous. This ambiguity arises on account of the political aspirations of the policy maker.
While the denominators in (143) and (144) are required to be negative, the signs of A\f’ and A\l are determined by
the relative strengths of the two terms in the numerator. The first term in the numerators of (143) and (144) refers
to the impact of campaign contributions accruing to the policy maker on account of policy interdependencies, with a
negative and positive sign, respectively. The negative sign in (143) implies that a rise in home pollution tax reduces
the output and profits of the home firm, which translates into lower campaign contribution and the resultant lower
marginal benefit from tariff accruing to the policy maker. This causes home import tariff to fall in response to a
rise in home pollution tax, as discussed in the study by Mehra (2010). In contrast, a rise in foreign pollution tax
increases home output and profits which results in higher campaign funds and thereby, raises the marginal benefit
from import tariff. This induces the policy maker to raise home import tariff. The second term in the numerators
of (143) and (144) replicates the effects discussed in Proposition 9 under the social optimum. Furthermore, the
direction of change of home tariff in response to a change in home as well as foreign pollution tax depends on the

relative weight that the policy maker attaches to campaign funds. Mathematically, we have

lim M =2¢ >0 (145)
and

lim M =2\§ <o. (146)

a oo

In case the policy maker places a greater relative weight on campaign funds, i.e., ‘a’ takes a smaller value,
considerations for campaign funds rise relative to that of aggregate social welfare. Consequently, the politically
motivated government responds to a higher pollution tax at home with a lower domestic protection. Higher pollution
taxes increase the cost of production incurred by the firm which translates into lower campaign funding. The policy
maker, being more corrupt, has less incentive to raise domestic protection. When foreign pollution tax rises,
the home government raises home tariff. Hence, policy interdependencies work in the opposite direction of those
evaluated under the social optimum when the government is highly corrupt. As the level of corruption falls (i.e.,
‘a’ rises), the coefficients A’ and A\’ converge to their corresponding ‘socially optimal’ levels AY’ and AJ'. For
non-extreme values of ‘a’, the signs of A’ and A\Z" are ambiguous.

Proposition 15: The direction of movement of home (foreign) tariff in response to a rise in both home (foreign)
pollution tax and foreign (home) pollution tax is ambiguous.

(i) When the politically motivated government is highly corrupt, the direction of movement reverses in compar-
ison to that of the social optimum.

(ii) As the government tends to place more weight on aggregate social welfare as opposed to contributions from
the lobby, the direction of movement tends to coincide with that of the social optimum.

(iii) Again, foreign (home) tariff has no first-order effect on home (foreign) tariff.

Turning towards the best response function of home pollution tax, we utilise the results obtained in Section
2.5.1-Section 2.5.5, and the condition in (119) to express condition (126) as

*

X X
Wf = (ZpYYT +

- X -
Py Y — X) +a (— (Xpy + YqT)) + <gpyYT F LY - X)

n* n*

(147)

+()~( +¢5<7) + (— nefi) + (tYT) — 0
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for x = 7, i.e., home pollution tax.
Total differentiation of (147) and further substitution of expressions (D9) and (D12) yield

Whdr+What + wh.dtr + WE.dr* = 0. (148)
where
P 1 * * ok * 1 * * VK 1 *3 1 * *2
Wepe = | 2Py Yr Xpo = X | +aq —opy Yo X o = *WSP X+ tal — TD*Q?PX*P v | (149)

and

1 1 1
WE = (oo X b L = X X2 ) af = X+ 002 4 X

1 1 1 1 f (150)
+mP§‘/*Y3X¢*} = 4(Wp§¢py + WP*X*IJ%) + a(n*g,D*zp*‘f/*)
Re-arranging terms in (148) and using results in (29) and (32)-(39) we get
dr = AYdt + AL dt* + AY dr~; (151)
where,
) (+)
1 1
R P - A2 — 2
AP WL nfD? pprM( el Pk pY)). (152)
Lowh) o (=wh) ’
(+) (+)
—_—
LI n ( L o w2 )
— Dy« +al — Px+P vy~
A= Wee w77 Dt T ), (153)
2wk (=wr) 7
and
Q -)
1 1 ) 1
4 == piDy + ———D Do | Fa| —— .
WP* ( 3D2 X *3 T)x2 XY *3 Ty*2 Y
AP = T o n"D n"D <0. (154)

-wk) (=WE)
The coefficients of the differential expression in (151) consist of the additional effect of campaign contributions
on the interdependencies in policies, which is given by the first term in the numerator for each coefficient. From
the second-order conditions, the denominator is required to be negative. Therefore, apart from the sign of A{,
which is indeterminate, the signs of the remaining coefficients AL and AL are unambiguously positive and negative,
respectively. Considerations for campaign funds work in the opposite direction of that of the aggregate social
welfare. When home tariff rises, the resultant rise in output and profit of the home firm amplifies the lobbying
effort. This reduces home pollution tax owing to an increase in the marginal benefit from reduction in pollution
tax at home. In contrast, considerations for aggregate social welfare requires tightening of the environmental policy
at home (given by the second term in the numerator). Therefore, our result stands in sharp contrast to the one
derived in Mehra (2010) where a higher tariff at home always induces the government to tighten the environmental
regulation. When foreign protection rises, the home firm suffers competitive disadvantage which is reflected in lower
campaign contributions. The politically motivated government at home, as a result, tightens the environmental
policy at home, thereby harming the lobby. This effect works in the same direction as that of the second term in
the numerator in (153). The first term in the numerator of (154) shows that a tougher environmental policy in the
foreign country works in favour of the home lobby in terms of a cost advantage resulting in an increase in lobbying
effort and hence a reduction in home pollution tax. Considerations for aggregate social welfare also causes home
pollution to fall in response to a rise in foreign pollution tax.
Also, it must be noted that the coefficients of (151) converge to the corresponding values in (112) when the
policy maker places less relative weight to campaign funds, i.e.,
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lim AT =AY > 0; (155)
lim AP = A§ > 0; (156)
a— o0
lim AL = A§ < 0. (157)
a— o0

Proposition 16: The response to a rise in home (foreign) import tariff on home (foreign) pollution tax is am-
biguous. While the political consideration associated with this change tends to lower home (foreign) pollution taz,
considerations for aggregate social welfare lead to the tightening of environmental regulations at home (foreign).

Furthermore, home (foreign) pollution tax increases when:

(i) the foreign (home) country raises its import tariff;

(ii) the foreign (home) country reduces pollution taz.

The response of ¢ with respect to a change in t* is given by

dt
dt*

_d
Pde

dr
p dt*

= \P AP (158)
P

Expression (158) shows that the change in foreign tariff generates a second order effect on home tariff via the
change in home pollution tax. Owing to the ambiguity of the sign of A}’ the direction of movement of tariffs is
indeterminate.

Having characterised the social and political equilibrium, we now consider specific forms of the demand functions
and examine the signs of comparative static effects of the policy variables under a host of parametric configurations.
The specific functional forms help us to derive explicit solutions as well as the direction of movement of one of the
policy variables in response to a change in any other policy variable (holding other policies as given) under the

political equilibrium.

2.6.2 A case of Quasilinear Quadratic Utility (QQU)

The Quasilinear Quadratic Utility Model (QQUM), widely popular in the oligopoly literature, ensures closed-
form solutions and is characterised by linear demand functions for differentiated products. The utility function in

expression (1), thereby, takes the following form:

1
U=z+(x+y)—§(x2+27xy+y2)—0(X+X*); (159)
with .
u(z,y) = (z+y) — 5(1’2 + 2yzy + °);
and

VP <1&y>0 = v€(0,1);

where v denotes the degree of product differentiation. ~ being strictly positive implies that the products are
substitutes and as this value rises, the degree of differentiation falls. Utility maximisation yields linear inverse

demands
p=1—z—y; (160)
and

g=1-y—a; (161)

Similarly, demand functions for the foreign country are symmetrically given by

and
¢ =1-y" ="z (1617)
where 7* denotes the degree of product differentiation in the foreign country. We now derive the regularity conditions

for unique and stable equilibrium, assuming that the degree of product differentiation being identical across the
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border (7 = 4*) along with the population in both home and the foreign country being normalised to unity (i.e.,

n =n* = 1).5 We restrict our analysis to the reaction functions of the home country. Assuming symmetry, the
results can be derived analogously for the foreign country. In case of demand functions (160), (161), (160’) and

(1617), the second-order conditions in (D4) become

29% — 3a(4 — 7*)

Wk = Tt 0; (162)
e 6-a(2-5v%) (163)
TT (4—72)? ’
—4 4— 2
wh = wi = e 27). (164)
(4-=7?)

From the expressions (162) and (163), the following sufficient conditions are obtained, respectively:

2+2

a > m = al (Say), (Rl)
1

a > 12_76572 = (LH (Say). (RQ)

In order to ensure negative definiteness of the Hessian matrix HY, the following condition must be met:

o1’ +o3a+03 >0 < (a—ay)(a—a)>0; (R3)
where
_ .6 4 2 )
o1 = -0 + 2374 — 11292 + 144;
oy = 29% 4+ 5692 — 192;
o3 = 167%
and

—09 — \/03—40103. 0 — —02+\/0§—40103_
2 — 3

ayp =
20’1 ’ 20’1

are the roots of the quadratic equation in a, i.e.,
o10* +o3a+03=0 <= (a—a1)(a—ay) = 0;

with 0 < a1 < a9, given that a > 0.
Now, condition (R3) depicts that, either

a>ayand a>ay = a € (ag,0); (R3.1)

or
a<aanda<ay = a€ (0,a1). (R3.2)

From conditions (R3.1) and (R3.2), we get
a € (0,a1) U (ag, 00). (R3)

The sufficient condition in (R3’) derived from conditions (R3.1) and (R3.2) imply that the relative weight
attached by the policy maker to aggregate social welfare should take a specific range of values in order to ensure
stability and uniqueness of equilibrium. In case the the weight, a takes values within the interval [a1,as], the

sufficient conditions for local maximum of the welfare function of the politically motivated regulator are not met.

6 An important point to note here is that alternative scenarios where the trading nations are asymmetric in terms of the degree
of product differentiation (y and ~v*), the weight attached to aggregate social welfare relative to political rents by the incumbent
government (a and a*) or the population size (n and n*) cannot be completely ruled out. However, the direction of movement of trade
and environmental policies are quite likely to be unaltered. Therefore, our results hold qualitatively across both the scenarios. The
only change would be in terms of the magnitude of the coeflicients in the differentials in (142) and (151). Consequently, the equilibrium
outcomes would differ from those obtained under symmetry.
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Hereafter, with focus on the home country, we can compute numerical values of a for any given value of . Table

3 compiles the results.

Table 3: Regulatory conditions

~y a a” ay as Value of a satisfying (R1), (R2) and (R3’)
of 0 1.33333 0 1.33333 a € (1.33333,00)

0.1 0.00167 1.33891 0.00084 1.33901 € (0,0.00084) U (1.33901, c0)
0.2 0.00673 1.35593 0.00338 1.35633 € (0,0.00338) U (1.35633, o0)
0.3 0.01535 1.38528 0.00775 1.38626 a € (0,0.00775) U (1.38626, c0)
0.4 0.02778 1.42857 0.01413 1.43054 € (0,0.01413) U (1.43054, c0)
0.5 0.04444 1.48837 0.02283 1.49201 € (0,0.02283) U (1.49201, c0)
0.6  0.06593 1.56863 0.03430 1.57506 a € (0,0.03430) U (1.57506, c0)
0.7 0.09307 1.67539 0.04917 1.68667 € (0,0.04917) U (1.68667, o0)
0.8 0.12698 1.81818 0.06837 1.83815 € (0,0.06837) U (1.83815, o0)
0.0 016028 2.01258 0.09324 2.04901 € (0,0.09324) U (2.04901, c0)
1.0f 022222 228571 0.12579  2.35570 € (0,0.12579) U (2.35570, 00)

Note: T and ¥ are extreme cases where the two varieties of the traded good are independent and identical, respectively. The non-
extreme values of the parameter v indicate that the two varieties are differentiated. Higher values of v imply a lower degree of product

differentiation.

From the table, we can deduce the following:

a <ad" <ay V. (R4)
Therefore,
a>ad" = a>d; [(R2) is sufficient for (R1)]. (R5)
and
a>ay = a>ad’; [(R3.1) is sufficient for (R2)]. (R6)

Hence, the regularity condition is given by (R3’), depicted in the last column of Table 3.

Now, we turn towards a simulation exercise by assigning different combinations of parameter values to understand
the policy interdependencies where our results turned out to be ambiguous, i.e., the signs of the numerators of A\,
AP and AT in expressions (143), (144) and (152), respectively. Utilising the demand functions from (160), (161),
(160%) and (161’), we have
—4y +ay(4 —17)

Wi =Wri = = .
and ) (4 2
2y —a(d—n
Wi = 7T (52)

The signs of both the expressions in (S1) and (S2), which depend on parameters a and +y are ambiguous. These refer
to the numerators of the coefficients in (143), (144) and (152), respectively, which determine their sign. The simu-
lation exercise helps us in understanding the policy interdependencies under alternative parametric specifications.

Table 4 compiles the results.
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Table 4: Policy interdependencies

Parameter v a WPE=wE Wk

Run 1 0 1.400 0 -0.350
Run 2 2.000 0 -0.500
Run 3 3.000 0 -0.750
Run 4 5.200 0 -1.300
Run 5 0.3 0.001 -0.078 0.012
Run 6 0.006 -0.078 0.010
Run 7 1.400 0.029 -0.346
Run 8 2.000 0.075 -0.500
Run 9 0.5 0.010 -0.141 0.033
Run 10 0.020 -0.140 0.030
Run 11 1.500 0.058 -0.364
Run 12 2.000 0.124 -0.500
Run 13 0.8 0.010 -0.281 0.110
Run 14 0.040 -0.274 0.101
Run 15 1.900 0.168 -0.452
Run 16 2.000 0.193 -0.482
Run 17 1.0 0.010 -0.441 0.219
Run 18 0.090 -0.414 0.192
Run 19 2.500 0.389 -0.611
Run 20 3.000 0.556 -0.778

Numerical simulations for v = 0.3, 0.5, 0.8, 1; each with four runs under the regulatory conditions show that
WP (= WE) is negative when (R3.2) holds and positive when the sufficient condition (R3.1) is met. The converse
is true for WL.. Since WL proportionately varies with v, it takes the value 0 for v = 0. Furthermore, condition
(R3.1) ensures that W2 is negative.

Therefore, Proposition 15 and Proposition 16 are verified for a large range of values of the relative weight attached
to aggregate social welfare by the policy maker as compiled in the last column of Table 3. Lower values of a indicate
that the policy maker is highly corrupt and gives in to campaign contributions. Accordingly, policy responses work
in the opposite direction than the ones that maximise aggregate social welfare. We find that considerations for
campaign funds outweigh welfare goals when condition (R3.2) is met. Consequently, the numerators of A\{, AT
become negative and that of A\l turns out to be positive. Political considerations tend to lower import tariff in
response to a rise pollution tax in both the home and the foreign country. In a similar fashion, a rise in import tariff
raise pollution tax in both the home and foreign country. A higher pollution tax at home drives down profits of
the home firm and the resultant reduction in campaign funds lowers domestic protection. On the contrary, higher
domestic protection increases campaign contributions by the home firm on account of higher firm profits which
results in a laxer environmental regulation. When foreign pollution tax rises, home output and profits rise resulting

in higher domestic protection.

Proposition 17: The response to a rise in home (foreign) import tariff (pollution tax) on home (foreign) pollution
tax (import tariff) is negative when condition (RS3.2) is met. Furthermore, condition (R3.2) also ensures that home
(foreign) import tariff is increasing in foreign (home) pollution tax.

Also, the response of t with respect to a change in t* is negative for A’ < 0.



Figure 3: Effects of a change in the relative weight on aggregate social welfare, a on WL (= W) and WE.

002 ¥y =03 02 y =03
0.00 +
0.0
a’k
00z 4
—
& 02 +
JL o044
8
=
0.4 |+
-0.06 1
-0.02 i T 1 0.6 t t t t t
D0.0000 0.0025 0.0050 0.0075 4 1.5 1.6 7 1.8 1.9
a € (0,0.00775) a € (1.38626, o0)
Panel A
005 — ¥y =05 07 ¥ =05
000 + oo+
a’k
&8
005 | 0z 1
I
—
akb
=
i s 7\
-0.15 t 1 t t -06 H } } } t
0.000 0.005 0010 0.M5 0,022 1.5 1.7 1.8 9
a € (0,0.02283) a € (1.49201, w0)
Panel B
02 — y =08 05 — y =108
ook //
a'h 0.0 4+
00 +
—
B
a 01 4
ab 05 |
=
02 4
0.3 t t -10 t t } } t
0.00 0.0z 004 0.06 20 22 24 26 28
a € (0, 0.06837) a € (1.83815, o)
Panel C

- Wi (=W

A Wwrh

Source: Authors’ calculations from a numerical simulation exercise
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Figure 3 illustrates the results of Proposition 17 for v = 0.3, 0.5, 0.8 in Panel (A), (B) and (C), respectively.
Utilising the regulatory conditions (from Table 3), several iterations suggest that the absolute value of W2 (= W1))

rises as the policy maker attaches a higher relative weight on aggregate social welfare, whereas it falls in case of the

term W/L.. This indicates a gradual decline in the marginal benefit from campaign contributions.

Therefore, political considerations of the regulator, i.e., the relative weight that the regulator attaches to aggre-

gate social welfare is a significant determinant of the direction of movement of any pair of policies. Compared to

the baseline scenario of social optimum, the best response of home import tariff to a change in home pollution tax

as well as foreign pollution tax is altered under the political equilibrium when the regulator becomes more corrupt.

This phenomenon also aligns with the best response of home pollution tax to a change in home import tariff. In case

of a change in foreign import tariff and foreign pollution tax, the relationship remains unaltered. The relationship

between home import tariff and foreign import tariff is a second-order effect and is determined by the relationship
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between home pollution tax and home import tariff.

3 Concluding remarks

The present essay provides a theoretical exposition of the political economy of interactions between trade and
environmental policies across two trading nations. The study is a novel attempt to capture interdependencies
between each of the policies set at home and in the foreign country in a duopoly market setting with trade in
differentiated products. Two alternative cases have been considered, namely, the baseline case or the social optimum
and the political equilibrium.

The social optimum assumes that the government is benevolent and aims to maximise aggregate social welfare.
It is found that free trade is not always an optimal policy choice owing to the duopoly behaviour of firms. Further,
the assumption of large open economies entails a consideration for terms-of-trade effects of bilateral trade. In a
similar fashion, equilibrium pollution tax may not always reflect true marginal damage. The characterisation of
trade and environmental policy interdependencies reveal that both home (foreign) import tariff and pollution tax
respond positively to a rise in home (foreign) pollution tax and import tariff. The effect of a rise in foreign (home)
import tariff also leads to a rise in home (foreign) pollution tax. However, home (foreign) import tariff responds
inversely to an increase in foreign (home) pollution tax. Finally, home (foreign) import tariff rises in response to
a rise in foreign (home) import tariff. It is notable that this emanates from a second-order effect, since market
segmentation generates a zero first-order effect. Also, environmental policies at home and foreign are inversely
related.

The political equilibrium considers the existence of political action groups as well as a politically motivated
government who values campaign contributions. Equilibrium import tariffs are higher than the socially optimal
level as in Grossman and Helpman (1995) and Mehra (2010). The political inclination induces the government to
set a pollution tax which is lower than the socially optimal level as discussed by Damania et al. (2003). Clearly,
these wedges taper off as the government becomes less corrupt or when the degree of product differentiation rises.
Now, policy interdependencies are affected by the government’s considerations for campaign funds. The direction
of movement of home (foreign) tariff in response to a rise in both home (foreign) pollution tax and foreign (home)
pollution tax is ambiguous. When the politically motivated government is highly corrupt, the direction of movement
reverses in comparison to that of the social optimum. Similarly, the response to a rise in home (foreign) import tariff
on home (foreign) pollution tax is less predictable. While the political consideration tends to lower home (foreign)
pollution tax, considerations for aggregate social welfare leads to the tightening of environmental regulations at
home (foreign). Finally, home (foreign) pollution tax increases when: the foreign (home) country raises its import
tariff; the foreign (home) country reduces pollution tax. The numerical simulation exercise confirms these results.

Under some regulatory conditions derived for alternative values of the degree of product differentiation, we trace
out the direction of movement of policy variables under the political equilibrium. For example, when the regulator is
more corrupt, i.e., a lower value of a, say, a = {0.001,0.006} for v = 0.3 (runs 5 and 6), the numerator of A’ (= AT)
takes negative values, —0.078 and —0.078, respectively. This implies that a rise in home pollution tax (home import
tariff) leads to reduction in home import tariff (home pollution tax). Again, the numerator of A\l takes positive
values, 0.012 and 0.010, respectively. Therefore, home import tariff rises in response to a rise in foreign pollution
tax. These results are in sharp contrast to the ones derived under the social optimum. As the regulator becomes
less corrupt, the direction of movement of policies are consistent with that of the social optimum. Here, a takes a
higher value, say a = {1.900,2.000} for v = 0.8 (runs 15 and 16) the numerator of A’ (= A¥) takes positive values,
0.168 and 0.193, respectively. Further, the numerator of \Y" takes negative values, —0.452 and —0.482, respectively.

To sum up, our analysis makes a novel attempt to explain policy interdependencies in a two-country, two-
Cournot-firm and four-policy setting. The assumption of duopoly markets with trade in differentiated products in
a political economy framework provides some useful insights.

The theoretical framework can be extended further by considering price competition between the duopoly firms
[e.g. Kagitani (2009)]. Also, the implications are likely to differ when firms make sequential moves. It would also be
interesting to see how the results alter when consumers derive utility from consumption of more than two varieties

of the traded good. Furthermore, our numerical simulation exercise is based on the assumption that the trading
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nations are symmetric in terms of the parameters capturing degrees of product differentiation and honesty of the
incumbent politician as well as population size, which is highly unlikely to hold in reality. While our results hold
qualitatively irrespective of how these parameters compare across the nations, the equilibrium outcomes in terms of
import tariffs and pollution taxes are likely to be affected due to asymmetries in the above parameters. The scope
our research being confined to examining movements and interdependencies between the two policies, comparisons
between the equilibrium outcomes on account of these asymmetries would potentially be a compelling area to be

explored.



38

References

Barrett, S. (1994). Self-enforcing international environmental agreements. Oxford Economic Papers, 46:878-894.

Bernheim, B. D. and Whinston, M. D. (1986). Menu auctions, resource allocation, and economic influence. The
Quarterly Journal of Economics, 101(1):1-31.

Bhaskar, U. (2020). India to impose tariff barrier on solar cells, modules, inverters from 1 Au-
gust. Mint. https://www.livemint.com/news/india/india-to-impose-tariff-barrier-on-solar-cells
-modules-inverters-from-30-july-11592885034223.html, [Online; posted 23 June 2020].

Brander, J. and Krugman, P. (1983). A ‘reciprocal dumping’model of international trade. Journal of International
economics, 15(3-4):313-321.

Brander, J. A. (1981). Intra-industry trade in identical commodities. Journal of International Economics, 11(1):1-
14.

Brander, J. A. and Spencer, B. J. (1985). Export subsidies and international market share rivalry. Journal of
International Economics, 18(1-2):83-100.

Burguet, R. and Sempere, J. (2003). Trade liberalization, environmental policy, and welfare. Journal of Environ-

mental Economics and Management, 46(1):25-37.

Conrad, K. (1993). Taxes and subsidies for pollution-intensive industries as trade policy. Journal of Environmental
Economics and Management, 25(2):121-135.

Conrad, K. (2001). Voluntary environmental agreements vs. emission taxes in strategic trade models. Environmental
and Resource Economics, 19(4):361-381.

CWS (2018). E-Bulletin, Centre for WTO Studies. https://wtocentre.iift.ac.in/ebulletin-2018.asp, [On-
line; retrieved 30 September 2020].

Damania, R., Fredriksson, P. G., and List, J. A. (2003). Trade liberalization, corruption, and environmental policy

formation: theory and evidence. Journal of Environmental Economics and Management, 46(3):490-512.
Dixit, A. (1984). International trade policy for oligopolistic industries. The Economic Journal, 94:1-16.
Dixit, A. (1988). Anti-dumping and countervailing duties under oligopoly. European Economic Review, 32(1):55-68.

Dixit, A. K. and Stiglitz, J. E. (1977). Monopolistic competition and optimum product diversity. The American
Economic Review, 67(3):297-308.

Eaton, J. and Grossman, G. M. (1986). Optimal trade and industrial policy under oligopoly. The Quarterly Journal
of Economics, 101(2):383-406.

Fredriksson, P. and Muthukumara, M. (2004). Trade integration and political turbulence: Environmental policy
consequences. The BE Journal of Economic Analysis € Policy, 3(2):1-28.

Fung, K., Lin, C. C., and Chang, R.-Y. (2009). The political economy of strategic trade policies. Review of
International Economics, 17(3):494-509.

Grossman, G. M. and Helpman, E. (1995). Trade wars and trade talks. Journal of Political Economy, 103(4):675—
708.

Hajdukiewicz, A. and Pera, B. (2020). International trade disputes over renewable energy—the case of the solar

photovoltaic sector. Energies, 13(2):500.

Jinji, N. (2005). Strategic environmental and trade policies with corporate environmentalism. Journal of Environ-
mental Economics and Management, 48(1):632-654.


https://www.livemint.com/news/india/india-to-impose-tariff-barrier-on-solar-cells-modules-inverters-from-30-july-11592885034223.html
https://www.livemint.com/news/india/india-to-impose-tariff-barrier-on-solar-cells-modules-inverters-from-30-july-11592885034223.html
https://wtocentre.iift.ac.in/ebulletin-2018.asp

39

Kagitani, K. (2008). The number of firms and the politics of strategic trade policy. Scottish Journal of Political
Economy, 55(1):107-122.

Kagitani, K. (2009). Political economy of strategic export policy in a differentiated duopoly. The Japanese Economic
Review, 60(2):236-252.

Kelemen, R. D. and Vogel, D. (2010). Trading places: The role of the united states and the european union in
international environmental politics. Comparative Political Studies, 43(4):427-456.

Kim, I. S. (2017). Political cleavages within industry: Firm-level lobbying for trade liberalization. The American
Political Science Review, 111(1):1-20.

Krugman, P. (1980). Scale economies, product differentiation, and the pattern of trade. The American Economic
Review, 70(5):950-959.

Krugman, P. R. (1979). Increasing returns, monopolistic competition, and international trade. Journal of Interna-
tional Economics, 9(4):469-479.

Lee, J. (2003). Tariff protection revisited: Implications for strategic import tariff. Korean Fconomic Review,
19:131-152.

Linder, S. B. (1961). An essay on trade and transformation. Almqvist & Wiksell Stockholm.

Mehra, M. and Bhattacharya, G. (2019). Energy transitions in india implications for energy access, greener energy,
and energy security. Georgetown Journal of Asian Affairs, 4(2):88-97.

Mehra, M. K. (2010). Interaction between trade and environment policies with special-interest politics. Indian
Growth and Development Review, 3(2):138-165.

Motta, M. (1994). International trade and investments in a vertically differentiated industry. International Journal
of Industrial Organization, 12(2):179-196.

Neary, J. P. and Leahy, D. (2000). Strategic trade and industrial policy towards dynamic oligopolies. The Economic
Journal, 110(463):484-508.

Olson, M. (1965). The Logic of Collective Action: Public Goods and the Theory of Groups. Harvard University
Press.

Saha, A. (2015). Lobbying for Trade Policy: Theory and Evidence from India. Ph.D. Thesis, Brighton: University

of Sussex.

Shao, Q., Janus, T., Punt, M. J., and Wesseler, J. (2018). The conservation effects of trade with imperfect
competition and biased policymakers. Agriculture, 8(7):108.

Stoker, L. (2020). India outlines 20 % customs duty on solar modules, cells and inverters from August
2020. PV-Tech. https://www.pv-tech.org/india-outlines-20-customs-duty-on-solar-modules-cells

-and-inverters-from-au/, [Ouline; posted 24 June 2020].

Straume, O. R. (2006). Product market integration and environmental policy coordination in an international
duopoly. Environmental and Resource Economics, 34(4):535-563.

Tanguay, G. A. (2001). Strategic environmental policies under international duopolistic competition. International
Tax and Public Finance, 8(5):793-811.

Ulph, A. and Ulph, D. (1996). Trade, strategic innovation and strategic environmental policy—a general analysis,
in. pages 181-208.

Walz, U. and Wellisch, D. (1997). Is free trade in the interest of exporting countries when there is ecological
dumping? Journal of Public Economics, 66(2):275-291.


https://www.pv-tech.org/india-outlines-20-customs-duty-on-solar-modules-cells-and-inverters-from-au/
https://www.pv-tech.org/india-outlines-20-customs-duty-on-solar-modules-cells-and-inverters-from-au/

40

WTO (2020). Regional Trade Agreements Database, World Trade Organisation. http://rtais.wto.org/UI/
PublicMaintainRTAHome.aspx, [Online; retrieved 21 September 2020].

Wu, M. and Salzman, J. (2013). The next generation of trade and environment conflicts: the rise of green industrial
policy. Northwestern Law Review, 108(2):401-474.

Zhang, A. and Zhang, Y. (1998). An analysis of import protection as export promotion under economies of scale.
Japan and the World Economy, 10(2):199-219.

Zhou, D., Spencer, B. J., and Vertinsky, I. (2002). Strategic trade policy with endogenous choice of quality and
asymmetric costs. Journal of International Economics, 56(1):205-232.

Appendix A

The second-order conditions for profit maximisation are given as

YD D (o) Ao

ary.) Y* O (8q*) 2 Oq¢* <0 (A7)

v+ ) "oy

- :8(773*/*): Y 0 <6q*>+18q*
VIR 0Xx T 20X \0Y*) | nr X+

Conditions (A1), (A3), (Ab) and (A7) show that the slope of the marginal revenue curves of the firm in the
home and the foreign country are declining. On the other hand, conditions (A2), (A4), (A6) and (A8) imply that
marginal revenues of a firm serving in both the home and the foreign market decline with a rise in the output level

<0. (A8)

of its rival.
Recall that the sign of mixed partials are negative if the choice variables are quantities. In addition to this, the

own price effect is greater than the cross price effect. Hence, the stability conditions can be stated as
D= '/TXX'/T;(/Y — ’/TXyT(;:/X > 0;
and

* * *
D" = Tx«x«Tywy« — Tx+y*Ty«x« > 0.

Table 5: Second-order derivatives under under the linearity assumption

Second-order derivative [ Value ” Second-order derivative [ Value

XX Lopy ~yy Logy
1 1

TXY 7 PY ™y x w2ax
P 1 _op* * 1 g%

XK X aF 2P« Ty ok 205 %
Tx Ry %271;* "T’*X* n%mlj(*

142 2 " 1 %2 2
D oz 4Pk —Py) D oz P X =Py
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Appendix B

Comparative statics

We compute comparative static effects of change of policy instruments on outputs

(12) and (18), we have

s

mx =7x(X,Y,7) =0;

v = (X, V7, 8) = 0.

Total differentiation of the above equations yields

TxxdX +wxydY = —7mx,dT;

Ty xdX + 15y dY = —75 L dT* — 7y, dE.

In matrix notation [using results from (13) and (19)], we have

*
Ty x

or,

Therefore,

where

1
D™l = 5(Adjm‘mt D)T

()5

<7TX X TXYy

()

*
Tyy

X
ﬂfY ; Q= d ;A=
TSy dy

dr
dr*

dt

dt*

(100 0
~\o 110

DQ = AT
dr
0 0 O Cand T = dr
1 1 0 dt
dt*

Q=D LA,
_ 1 [y —mxy
D\-myx  7xx
W;’Y —TXY 1 0 0 O
—7T;</X TXX 0 1 1 0

dr
dr*

dt

dt*
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. From the first-order conditions

Similarly, the first-order conditions (15) and (21) can be used to find the following equation

*
Ty *y *

dx*\ 1
dy*)  D* \ —xb. .

—TX*Y* 1 0 0 1
’]'('X*X* 0 ]. O O

dr
dr*

dt

dt*

The above equations are used to derive equations (32)-(39). Table 6 compiles the effects using results from Table



Table 6: Comparative statics

Comparative statics Value ” Comparative statics Value
1 1
Xt “wDPY Yi nD 2PX
Xy 0 Yy 0
* *
X} 0 Yy 0
X5 e 2p% Y4 — sl 2p¥
t* nFD¥ “Pxx* ¥ nFrD¥ “Py*
1 1
Xr nDPX Yr ~wDPY
X _1 Y. _1_
* WD PY * nDPX
X7 e ve — ey
X7 — DT Py Vi D P

Effect on consumer surplus
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Considering the results from (32)-(39) and simplifying further by substituting the results from (29) [see Table

6], we get
1
Pt = %pXPY > 05
1 2 2
0= ap (W —rh) >0
1 2 2
Pr="5p (QPX _PY> > 0;
and 1
qr = %poY > 0;

(B1)
(B2)

(B3)

(B4)

Given the sign restrictions and the assumption that own price effects exceed cross price effects, expressions (B1)-

(B4) turn out to be strictly positive. Therefore, a rise in home import tariff or pollution tax would drive up the

domestic price of both the output produced for home consumption as well as imports from abroad.

Effect on firm’s profits
The first-order conditions of profit maximisation yield 7x = 0 and wx~ = 0. Hence,

on
— =Ty Y+ my Y A+ m
ot
on
5 = myYr +my- Y + 7,

Differentiating home firm’s profit with respect to ¢, 7, Y and Y™ yields, respectively

Tt :0,

T, =—X;
X

Ty = —PY;
n
*

_ *

Ty = n pY*'

Now, using Y;* = 0 from (34) and the results in (B7)-(B10) in (B5) and (B6), we get

or X

X
ot an t= 2D PxPY

*

77,*2D*

om X X ~ X
— = py Y, + Y - X = — 3
an + n* Py« Tr (ngDpY +

or

Py +X> < 0.

(B11)

(B12)
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Non-cooperative equilibrium policy outcomes under the social optimum
Proof:
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The non-cooperative equilibrium import tariff and pollution tax for the home country under the baseline case

are obtained from the first-order conditions

oWwe 9(nS) o  9(rX) 9(nbX) L o)

a - o Ta o ot o Y
OWE  9(nS)  or  A(rX) 9mbX)  A{tY)
or Ot + or + or  or + or 0-

Derivation of equilibrium import tariff
Using the results from Section 2.5 and Appendix B in (C1), we get

X
—(Xpt+Yaq)+ ;PYY; + 17X —nXi+Y +tY; =0;

(Xpr+Yaq) — 2pyY, — (1 —nf) X, — Y

=t = v :
t
Xpr— Epy Y+ Y (g — 1) — (1 —nb) X
t
e Z(pxXe +pyYs) = Zpy Vi + V(g — 1) — (1 —nh)X
B Y:
LG %pXXt +Y (g —1) — (1 —nb)X;
}/t I

which yields the expression in (67).
Further substitution of the results from Table 6 in (C3) yields,

wo _ ax (= 5ppy) + V{5 2rx® —py®) — 1} = (7 = n6)( = 7ppy)

%QPX
Using the result from expression (30) in (C4), we get

X Y
1€ = _Z%Y_ Zpx + (r—nf) 2

2PX
which is the equilibrium import tariff for the home country.

Derivation of equilibrium pollution tax

We use the results from Section 2.5 and Appendix B in (C2) and get

*

X X =~ =~
—(Xpr +Yq, )+ gpyYT + Fp*{/*YT* +7X; —nbX, +tY, =0;

(XpT + YCIT) - %pYYT - %p;*y: B tYT

=7=nb+ = )
X,
gy XX YY) £V — Sy Yy — Sopy Y Y
X,
O s Epx X +Yqr - Xpy Y —tY,
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which gives us the expression in (68).
We further substitute the results from Table 6 in (C6) and get

G

Lpx (550x) + Y (35pxpy) — 2opye (= moepye) —t(—

)

%py) .

T =mnf + 1 T
apPx + e Px

= 7% =nf +

* 2

1 1
nDPX + n*D*p;(*
which is the equilibrium pollution tax for the home country.

b
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Appendix D

Second-order conditions for social optimum

The second-order conditions for the baseline scenario can be written as

1 1
Wt(t; = —(p Xt + @ Yy) + EPYYtXt +2Y; = W?)px(‘lp%( - p%f) < 0; (D1)

1 1 =~
Wi = —(pr Xe +4:Ye) + —py Ve Xo + —pl VI XT + X,

1 2 9 2 2 (b2)
= @pX(‘lpx —py)+ W‘lpx*@p X —DP'y-) <0.
The Hessian matrix, H associated with the objective function is given by
ws wg
H — tt tT ; D3
where
o (owe
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"ot ( ot )
0 [ Wga
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T or ( t )7
o [ OWg
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0 [ OWg
WS =~
Y ( or )’
Now,
WS = —(p X, + Y)+l Y; X +X+Y——i >0 =— L (4px? —py?) >0); (D4)
tr — —\PtAr T G lr npy tAr t = nDpY = ngDQPY Px — Py )
and ) . .
G 2 2
Wi = —(prXe +¢:Y2) + —py Yo Xe + Y7 5Py > 0( by (4px” —pyT) > 0) (D5)
Also, from (D4) and (D5),
wg =w§. (D6)
In order that the second-order conditions for strict local maximum are satisfied, the Hessian matrix must be negative
definite, i.e.,
ws Wwg
WG| <0 WE|<0; [HE =" s, (D7)
Wé Wwe

Second-order conditions for the political equilibrium
We now check for the sufficient conditions under the political equilibrium. The second-order conditions can be

written as

1 1
Wil = —py¥iXo+al = (0 Xe +aYi) + —pyYi X +2V;

3px (4p% — pY)

1 2
= 2poY +a n3D2
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1 = 1
W-ﬁ— = pr X- + Py*Y X* Xr| tal — (p‘rX‘r + QTYT) + ngYTXT
1 * * * v
“rEpY*YT XT +X7—
3 I .3 1 1 2
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The Hessian matrix, H¥ associated with the objective function is given by

oo (Wt’i W#i) ;
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(D9)

(D10)

(D11)

(D12)

(D13)

(D14)

WP Wk
where
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Now,
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1 1 9 9
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W. = HPYYTXt - X — (pr Xt + ¢ Y1) + ngYrXt + X+ Y,
1 1 9 9
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Therefore,
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In order that the second-order conditions for strict local maximum are satisfied, the Hessian matrix must be negative
definite, i.e.,
wr wp
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Appendix E

Derivation of slopes of the best response functions under the social optimum

Import tariff at home
Total differentiation of (102) yields

1
—pe(Xedt + Xpdr + Xpudr™) — ¢ (Yadt 4+ Yodr + Youdr™) + Epth(Xtdt + X dr + Xdr™)
+Xedr 4+ (Yedt + Yodr + Youdr™) + Yidt = 0.

(E1)



Collecting coefficients of dt, dm and d7* we have
1 1
{ = (X + @) + ﬁpYYtXt +Y+ Yt}dt + { — (pe X7 + @ Yr) + ﬁpYYtXT + X + YT}dT
1
+{ — (Dt Xre + @Y7 ) + EpthXT* + Yo }dv* =0;

Now, (E2) can be expressed as
WSdt+ WEdr + WE.dr* = 0.

Pollution tax at home
Total differentiation of (108) yields

1
—pr (Xedt + Xodr + Xoodr™) — ¢ (Yedt + Yodr + Youdr™) + —py Yo (Xedt + Xodr + Xndr™)
n
1 —
+—p"y Y (X{dt™ + X dr + Xdr™) + Xodr + Yeodt = 0.
n
Collecting coefficients of dr, dt, dt* and d7* we have
- (pTXT + qTYT) + EPYYTXT + ;pY*YT XT + X‘r dr + - (ert + q‘r}/t) + EpYYTXt
+Y, pdt + ;pY*YT Xiopdt™ +< — (p- X2+ ¢ Y)) + EPYYTXT + EpY*YT Xr. pdr™ =0;

which can be expressed as
WSdr + WSdt + W5.dt* + WE.dr* = 0.

Derivation of slopes of the best response functions under the political equilibrium

Import tariff at home
Total differentiation of (139) yields

1
—py Y (Xedt + X, dr + Xpdr™) + a[ — pe(Xedt + Xpdr + Xpodr™) — qp(Yedt + Yodr + Youdr™)
n
1
+—py Vi (Xpdt + Xpdr + Xpodr™) + Xydr + (Yidt + Yodr 4+ Yoodr™) + Ytdt} =0.
n
Collecting coefficients of dt, dr and d7* we have
1 1 1
[nPYYtXt + a{ — (pe X + @ Y) + EPYYtXt +Y + Yt}] dt + LLPYY;:XT + a{ — (peXr + @Y7)
1 1 . 1 .
+EPYYtXr + X + YT}] dr + {nPYYtXT + a{ — (e X7 + @ Yr+) + EPYYtX'r* + Y- }} dr™ =0;

which can be written as
whdt+wrdr + wrh.dr* =o.

Pollution tax at home
Total differentiation of (147) yields

1 1
ﬁpyYT(Xtdt + X dr + Xo-dr™) + Ep*y*YT*(le dt* + Xrdr + X .dr*)
—(Xydt + Xrdr + Xpodr™) — (Xdt™ + X2dr + X:*dT*):| +a [ — p(Xydt + Xrdr + Xpodr™)
1
—qr (Yidt + Yodr + Yoedr™) + ﬁpyYT(Xtdt + X dr + X d7™)

1 —~
F—p Y (X dt + XEdT + XEadr) + Xodr + Yedt| = 0.
n
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(E4)

(E9)
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Collecting coefficients of d7, dt, dt* and d7* we have
1 1 * * y K *
ﬁpyYTXT + EI)Y*YT X=X, — X' ) +aqg — (p-Xr +¢.Y7)
1 1y choe o 1 1
+EprTXT + FPY*YT X’T + XT dr + ﬁprTXt - Xt +ay — (pTXt + QTY:‘/) + EpyYTXt
1 1 1 1 (B10)
—|—YTH dt + {(n*p*{/*Y:X;l - XZ;) + a{mpg‘/*YT*Xt** }] at* + {(npyYTXT* + ;p%Y:X:*

1 1
— X — X;f) + a{ — (P X7+ Y) + —py Yo X7 + —py. Y X H dr* = 0;
n n

which can be written as
Whdr +What + wh.dt* + Wr.dr* = 0. (E11)
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