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This study develops a partial equilibrium model for asymmetric trade between two heterogeneous 8 
companies located in different countries under reciprocal dumping and oligopolistic competition 9 
conditions. All governments must implement a series of strategic environmental policies with the 10 
objective of maximizing the wellbeing of the country, considering company utility, consumer benefit, 11 
government income obtained through the levying of pollution taxes, and the social cost of polluting. 12 
It can be determined that, if the disutility of polluting is considerably high, governments should levy 13 
taxes on pollution. On the other hand, they could also opt not to tax pollution, provided that there is 14 
compliance with certain additional conditions that depend on other related parameters, such as 15 
marginal production costs and the scale of the companies’ production.  16 
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1. INTRODUCTION 20 
 21 

The intensive use of natural resources, further to the continual growth in production and the 22 
manufacture of goods and services, causes the emission of pollutants into the environment. 23 
Pollution is both the direct and indirect cause of a great number of adverse effects to the 24 
environment, such as acid rain, the greenhouse effect, global warming, and the increase in the 25 
incidence and severity of hurricanes and tropical storms, which, moreover, cause losses amounting 26 
to millions for nations’ economies.1 Furthermore, a lot of respiratory, auditory, visual and intestinal 27 
diseases in people are caused by pollutants in the environment, with a resulting increase in the 28 
costs to public health [1].  29 

For this reason, governments implement a series of regulatory measures that limit pollution levels 30 
and guarantee a healthy environment. In this sense, these regulatory measures are considered 31 
trade barriers, given that companies incur additional costs when reducing their emissions, 32 
representing an increase in their production costs and thus reducing their competitiveness. This 33 
subject, involving economic development, international trade and sustainability, has been widely 34 
debated in various global forums – those dealing with both trade and the environment – over the 35 
last 30 years.2 Thus, governments face the great challenge of maintaining a healthy environment for 36 

                                                            
1 [2] They estimate average losses of around 17,000 million dollars per year due to tornados, hurricanes and 
floods over the 1955-2006 period, solely in the United States, which, in some years has surpassed the 100,000 
million dollar mark. Similarly, according to [3], global losses under this rubric increased to an average of more 
than 3,000 million dollars between 1980 and 2008. They also state how 97% of these costs correspond to 
damages centered on North America, Europe, Asia and Australia, with losses in North America representing 
57% of global losses. 
2 Among which can be mentioned the Rio de Janeiro Conference in 2012, the Kyoto Protocol in 1999, the 
Johannesburg and Paris summits of 2002 and 2015, respectively, and both the General Agreement on Tariffs 
and Trade (GATT) and the World Trade Organization (WTO) trade agreements that include entire chapters on 
the control of pollution caused by the process of producing goods and services. 



 

 

their inhabitants, while, at the same time, guaranteeing competitiveness for their companies and the 37 
economic development of their nations.  38 

Among others, the following must be considered in the context of international negotiations over the 39 
environmental controls imposed on companies: cost-benefit analysis for the chosen instruments (as 40 
these will determine the application of environmental policy); cost structure; company heterogeneity; 41 
and, the size of the countries involved. These relative differences in the size of the companies and 42 
the countries that are affected could influence not only the negotiation process but also the impact 43 
that pollution could have on production and trade, in terms of the benefit for both companies and 44 
people’s health. Thus, in the global context, pollution controls represent a trade distortion, which 45 
affects trade among countries, both quantitatively and qualitatively, as well as their general welfare, 46 
which includes both their companies and their inhabitants. 47 

Although there are many studies on environmental regulations,3 not enough studies have been 48 
conducted on the rubric for environmental controls and commercial competition. Thus, this study 49 
approaches the subject of the establishment of strategic environmental policies through, 50 
specifically, the implementation of an environmental control instrument, a pollution tax, and its 51 
effects on the trade relationships between different-sized countries, in both of which there is a 52 
heterogeneous company trading a homogeneous good.  53 

Governments use pollution taxes as an instrument to regulate the pollution emitted through 54 
companies’ production processes, an instrument which will also be used in this study. The ideas 55 
underlying pollution tax are who pollutes pays and who pollutes more pays more. From this 56 
perspective, it is an efficient pollution control instrument, given that, if the companies seek to reduce 57 
their environmental costs, they must reduce their emissions, either by investing in clean 58 
technologies or improving their manufacturing processes. The establishment of optimal pollution 59 
taxes requires knowledge of the companies’ cost structure and the calculation of the potential 60 
damages that pollution could cause to both the environment and people’s health. In this way, a 61 
pollution tax is an effective tool from an economic perspective, given that it enables the reduction of 62 
the pollution produced by companies, independent of the level of pollution. Furthermore, being the 63 
product of a government collection instrument, the sums collected are transferred, in part, into 64 
public investment. 65 

International trade between two countries with similar goods is known as intra-industrial trade.4 This 66 
bidirectional exchange of similar, if not identical, merchandise is also known in international 67 
economic literature as cross-hauling. It has been widely analyzed in the specialized bibliography 68 
dealing with price-setting in perfect competition, although some studies have been conducted in the 69 
context of imperfect markets, particularly under Cournot’s framework of oligopoly.  70 

Thus, [8, 9] conclude that competition in the trade of homogenous goods between oligopolistic 71 
companies could naturally generate bidirectional international trade of the same good. The specific 72 
case of intra-industrial trade is known as reciprocal dumping. Reciprocal dumping between the two 73 
countries is possible due to the fact that the markets are segmented, with the companies taking 74 
different business decisions in terms of their production for both local consumption and exportation. 75 
Generally, they set different prices for the same article – a high price for the local market and a 76 
lower price for the foreign market, as this provides ideal trading conditions. Moreover, constant 77 
returns to scale and no significant comparative advantages are found, while the companies’ cost 78 
structures are different. In theory, this could increase the companies’ competitiveness by inducing a 79 
reduction of prices in both countries for the benefit of consumers. Thus, reciprocal trade in a good 80 
between two countries will be considered an important assumption for this study. 81 

This study will thus develop a partial equilibrium model between two heterogeneous companies (in 82 
that they feature different cost structures) in distinct countries and under reciprocal dumping 83 
conditions, in order to determine the optimal pollution tax for the trade in a homogeneous good. 84 
This optimal tax will be calculated under both the cooperative and non-cooperative frameworks, 85 
while the strategic environmental policy will be deduced based on the optimal values for the 86 

                                                            
3 For example, the meticulous study by [4]. 
4 Among the classic studies on intra-industrial trade, the following can be cited [5, 6, 7]. 



 

 

pollution tax. This policy will maximize the general welfare function of the countries, which includes 87 
both the benefits for the companies, the consumer surplus, government revenue through pollution 88 
tax collection, and the social cost of pollution. 89 

The model is described in Section 2, below. The calculations for the optimal pollution tax in the non-90 
cooperative environment are shown in Section 3, and the optimal pollution tax under the 91 
cooperative framework is calculated in Section 4, while Section 5 presents the study’s final 92 
conclusions.  93 

 94 

2. THE MODEL 95 

 96 

The model supposes the existence of two countries (A and B) which trade a homogeneous good 97 
with each other. A partial equilibrium model is developed in an oligopolistic environment, in which n 98 
identical companies operate in Country A and m identical companies operate in Country B. The 99 
companies in the two countries maximize their production quotas while taking the output of other 100 
firms as given.  101 

This study assumes that labor is the unique production factor in each country. It is also assumed 102 
that labor provision in country B, lB, is higher than labor provision in country A, lA, for which reason 103 
Country B is considered the larger and Country A the smaller. The total production factor in the two 104 
countries can be normalized in such a way that ݈஺ ൅ ݈஻ ൌ 1. According to [10], labor is inelastic in an 105 
environment of perfect competition and with constant returns to scale, in such a way that its price is 106 
considered numeraire. 107 

X and Y represent the total quantity of goods produced by each company in Country A and Country 108 
B, respectively. However, ܺ ൌ ஺ܺ ൅ ܺ஻, where XA and XB represent production for local consumption 109 
and exportation for each company in Country A.  Similarly, ܻ ൌ ஺ܻ ൅ ஻ܻ, where YB and YA represent 110 
production for local consumption and exportation for each company in Country B. 111 

KA are KB are denoted as the marginal costs for countries A and B, respectively, which can be 112 
considered constant and equal to the average of their variable costs.5 The marginal production 113 
costs have two components, the first being the technological component that depends on market 114 
conditions and the second being the term associated with the costs incurred due to the application 115 
of environmental policy by the government (to be detailed later in this paper). Furthermore, a 116 
transport cost, t, can be considered for exported goods and is distributed among the exporting 117 
companies. It is assumed that the markets are separated or segmented, with inverse quasilinear 118 
utility functions also assumed in such a way that: 119 

ܷሺ ஺ܲ, ஺ሻߤ ൌ
ఉ௟ಲ௉ಲ

మ

ଶ
െ ஺݈஺ߜ ஺ܲ ൅  ஺                   (1) 120ߤ

ܷሺ ஻ܲ, ஻ሻߤ ൌ
ఉ௟ಳ௉ಳ

మ

ଶ
െ ஻݈஻ߜ ஻ܲ ൅  ஻                   (2) 121ߤ

where ஺ܲ and ஻ܲ are the prices in countries A and B, respectively, while ߤ஺ and ߤ஻  represent the 122 
consumption of numeraire goods in both countries. Using Roy’s identity, demand is deduced in the 123 
two countries, which are linear in relation to the price. Without considering the income effect, the 124 
following is obtained: 125 

஺ܦ ൌ ݈஺ሺδ஺ െ ߚ ஺ܲሻ                       (3) 126 

஻ܦ ൌ ݈஻ሺδ஻ െ ߚ ஻ܲሻ                       (4) 127 

where 128 

஺ܦ ൌ ݊ ஺ܺ 	൅ ݉ ஺ܻ                       (5) 129 

஻ܦ ൌ ݉ ஻ܻ 	൅ ݊ܺ஻                       (6) 130 

                                                            
5 The existence of a numeraire good produced in a market of perfect competition can be taken as implicit. 



 

 

Using equations (3), (4), (5) and (6) obtains the inverse functions for demand in countries A and B, 131 
respectively. 132 

஺ܲ ൌ ܽ஺ െ
௕

௟ಲ
 ஺                        (7) 133ܦ	

஻ܲ ൌ ܽ஻ െ
௕

௟ಳ
 ஻                        (8) 134ܦ	

where, ܾ ൌ 1 ⁄ߚ , ܽ஺ ൌ ஺ߜ ⁄ߚ  and ܽ஻ ൌ ஻ߜ ⁄ߚ . 135 

Thus, the utility of each company in countries A and B is given by: 136 

஺ߎ 	ൌ 	 ሺ ஺ܲ െ ஺ሻܭ ஺ܺ ൅ ሺ ஻ܲ െ ஺ܭ െ  ሻܺ஻                 (9) 137ݐ

஻ߎ 	ൌ 	 ሺ ஻ܲ െ ஻ሻܺ஻ܭ ൅ ሺ ஺ܲ െ ஻ܭ െ ሻݐ ஺ܺ                 (10) 138 

The companies in each country decide the amount allocated for the local and export markets. 139 
According to the Nash-Cournot assumptions, the first order conditions that maximize the utility 140 
function for each company can be obtained:6 141 

ܽ஺ െ ஺ܭ ൌ ܾሺ݊ ൅ 1ሻ ஺ܺ െ ܾ݉ ஺ܻ                   (11) 142 

ܽ஻ െ ஺ܭ െ ݐ ൌ ܾሺ݊ ൅ 1ሻܺ஻ െ ܾ݉ ஻ܻ                  (12) 143 

ܽ஻ െ ஻ܭ ൌ ܾሺ݉ ൅ 1ሻ ஻ܻ െ ܾ݊ܺ஻                   (13) 144 

ܽ஺ െ ஻ܭ െ ݐ ൌ ܾሺ݉ ൅ 1ሻ ஺ܻ െ ܾ݊ ஺ܺ                  (14) 145 

However, given that demand is linear, the second order maximization conditions are satisfied:  146 

Π஺ ൌ ܾ ஺ܺ
ଶ ൅ ܾܺ஻

ଶ                        (15) 147 

Π஻ ൌ ܾܺ஻
ଶ ൅ ܾ ஺ܺ

ଶ                       (16) 148 

Using (15) and (16) and resolving the systems for separable simultaneous equations, namely (11) 149 
and (14) and (12) and (13), obtains the equilibrium quantities for reciprocal trade for each company 150 
in countries A and B: 151 

஺ܻ ൌ ݈஺
ሺ௡ାଵሻሺ௔ಲି௄ಳష೟ሻି௡ሺ௔ಲି௄ಲሻ

௕ሺ௠ା௡ାଵሻ
                   (17) 152 

஺ܺ ൌ ݈஺
ሺ௠ାଵሻሺ௔ಲି௄ಲሻି௠ሺ௔ಲି௄ಳష೟ሻ

௕ሺ௠ା௡ାଵሻ
                   (18) 153 

ܺ஻ ൌ ݈஻
ሺ௠ାଵሻሺ௔ಳି௄ಲష೟ሻି௠ሺ௔ಳି௄ಳሻ

௕ሺ௠ା௡ାଵሻ
                   (19) 154 

஻ܻ ൌ ݈஻
ሺ௡ାଵሻሺ௔ಳି௄ಳሻି௡ሺ௔ಳି௄ಲష೟ሻ

௕ሺ௠ା௡ାଵሻ
                   (20) 155 

The general wellbeing for countries A and B are defined, including the application of the regulatory 156 
instrument for environmental policy, in the following manner:  157 

஺ܹ ൌ ݊Π஺ ൅ ܥ ஺ܵ ൅ ߬஺ ஺ܼ െ ߰ ஺ܼ                   (21) 158 

஻ܹ ൌ ݉Π஻ ൅ ஻ܵܥ ൅ ߬஻ܼ஻ െ ܼ߰஻                   (22) 159 

where ݊Π஺ and ݉Π஻ in (21) and (22) represent the benefits for local companies in countries A and B 160 
respectively. Similarly, ܥ ஺ܵ and ܵܥ஻ are the consumer surplus for countries A and B, and are 161 
specified as follows: 162 

ܥ ஺ܵ ൌ ஺ܦܾ
ଶ/2                         (23) 163 

஻ܵܥ ൌ ஻ܦܾ
ଶ/2                        (24) 164 

The social cost of polluting in countries A and B is expressed by ߰஺ ஺ܼ and ߰஻ܼ஻, respectively. ZA 165 
and ZB represent the quantity of pollutants emitted by the respective countries A and B, and are 166 

                                                            
6 They can be taken separately, assuming that the marginal costs are constant.  



 

 

defined by ஺ܼ ൌ ஺ܺ and ܼ஻ݖ݊ ൌ  ஻ܻ, where zA and zB are the quantity of polluting emissions per 167ݖ݉
unit of the homogeneous good. Moreover,  represents the marginal disutility of polluting that, 168 
according to [11, 12, 13], can be assumed as a constant.7 For the purposes of simplicity, it can be 169 
also assumed that the damage caused by pollution is the same in both countries, given that, 170 
exceptions aside, the adverse effects caused to people by pollution is similar. 171 

Finally, ߬஺ ஺ܼ and ߬஻ܼ஻ represent the amount in pollution taxes collected by the governments of 172 
countries A and B, respectively, while ߬஺ and ߬஻ denote the per unit pollution tax levied on the 173 
companies by the respective countries A and B. Thus, the tax is the instrument of environmental 174 
regulation used by the government to control pollution.  175 

 176 

3. OPTIMUM POLLUTION TAX IN THE NON-COOPERATIVE ENVIRONMENT 177 

 178 

Given the specification of the model, the optimal tax is calculated in the context of the cooperative 179 
environment and the policies derived from it. For this reason, this study uses the pollution tax as an 180 
instrument of pollution control, in which the companies are charged a sum per unit of pollution 181 
emitted during their production processes. The marginal production cost for countries A and B, 182 
respectively, is thus defined as:  183 

஺ܭ ൌ ஺ܥ ൅ ஺ܶ   and  ܭ஻ ൌ ஻ܥ ൅ ஻ܶ                  (25) 184 

Where CA and CB correspond to the technological component that depends on the market 185 
conditions, it can be considered a constant. Furthermore, the terms TA and TB represent the costs 186 
incurred due to the application of the environmental policy by the government, which is defined, 187 
according to [11], as:8 188 

 ஺ܶ ൌ ߠሺߛ െ ஺ሻݖ ൅ ߬஺ݖ஺    and     ஻ܶ ൌ ߠሺߛ െ ஻ሻݖ ൅ ߬஻ݖ஻             (26) 189 

θ can be denoted as the amount of pollutants emitted per unit of the good, prior to the application of 190 
the pollution tax as a regulatory measure. Thus θX and θY represent the total amount of pollutants 191 
emitted per company in countries A and B, respectively. Similarly, nθX and mθY represent the total 192 
amount of pollutants emitted in countries A and B by companies n and m, respectively. zA and zB 193 
are the amounts of pollution emitted per unit of product subsequent to the companies’ application of 194 
their environmental policy, considering that they are able to pay less tax by reducing their 195 
emissions, given that that they have access to adequate technology for reducing the pollution 196 
caused by their production processes.9 197 
λ is the abatement cost, namely the cost to the company of reducing each unit of pollution emitted, 198 
which this study considers to be the same in both countries. According to (25) and (26), the 199 
marginal cost of production for the companies in countries A and B is given by: 200 

஺ܭ ൌ ஺ܥ ൅ ߠሺߣ െ ஺ሻݖ ൅ ߬஺ݖ஺    and     ܭ஻ ൌ ஻ܥ ൅ ߠሺߣ െ ஻ሻݖ ൅ ߬஻ݖ஻         (27) 201 

Intuitively, it is clear that, when the abatement cost is higher than the pollution tax, the companies 202 
prefer to pay the tax, while, if the pollution tax is higher than the abatement cost, the companies will 203 
opt not to pollute. This can be expressed as follows: 204 

஺ݖ ൌ ൜
஺	݅ݏ	0 ൒ ߣ
஺	݅ݏ	ߠ ൏ ஻ݖ and      ߣ ൌ ൜

஻	݅ݏ	0 ൒ ߣ
஻	݅ݏ	ߠ ൏  205 (28)          ߣ

therefore, 206 

஺ܭ ൌ ൜
஺ܥ ൅ ߠߣ 	஺߬	݅ݏ ൒ ߣ
஺ܥ ൅	߬஺ߠ ஺߬	݅ݏ ൏ ߣ    and ܭ஻ ൌ ൜

஻ܥ ൅ ߠߣ 	஻߬	݅ݏ ൒ ߣ
஻ܥ ൅	߬஻ߠ ஻߬	݅ݏ ൏ ߣ        (29) 207 

                                                            
7 Authors such as [14] consider that the value of  is increasing and depends on the quantity of the good produced. 
8 For the purposes of simplicity, θ and γ are the same both countries. 
9 Both θ and zA and zB are considered higher than the level evaluated by the WHO as not harmful. 



 

 

஺ܼ ൌ ൜
0	 ஺߬	݅ݏ ൒ ߣ

݊ ஺ܺߠ ൅ ݊ܺ஻ߠ	 ஺߬	݅ݏ ൏ and ܼ஻  ߣ ൌ ൜
0 ஻߬	݅ݏ ൒ ߣ

݉ ஺ܻߠ ൅݉ ஻ܻߠ ஻߬	݅ݏ ൏  208 (30)      ߣ

It is clear that the calculation of the optimal pollution tax only makes sense when it is higher than 209 
the abatement cost ஺ ൏ and ஻ ߣ ൏ given that, when ஺ ,ߣ ൒ and ஻ ߣ ൒  the total level of 210 ,ߣ
emissions is zero, according to (30). 211 

Differentiating (17) - (20) and using (29), we obtain: 212 

݀ ஺ܺ ൌ െ
௟ಲఏሺ௠ାଵሻ

௕ఈ
݀߬஺	 ൅

௟ಲ௠ఏ

௕ఈ
݀߬஻                   (31) 213 

݀ܺ஻ ൌ െ
௟ಳఏሺ௠ାଵሻ

௕ఈ
݀߬஺	 ൅

௟ಳ௠ఏ

௕ఈ
݀߬஻                   (32) 214 

݀ ஺ܻ ൌ െ
௟ಲఏሺ௡ାଵሻ

௕ఈ
݀߬஻	 ൅

௟ಲఏ௡

௕ఈ
݀߬஺                   (33) 215 

݀ ஻ܻ ൌ െ
௟ಳఏሺ௡ାଵሻ

௕ఈ
݀߬஻	 ൅

௟ಳఏ௡

௕ఈ
݀߬஺                   (34) 216 

in such a way that ߙ ൌ ݉ ൅ ݊ ൅ 1. 217 

Applying (5) and (6) using (31) – (34) gives the total differential of demand: 218 

஺ܦ݀ ൌ െ
௟ಲఏ௡

௕ఈ
݀߬஺ െ

௟ಲఏ௠

௕ఈ
݀߬஻                    (35) 219 

஻ܦ݀ ൌ െ
௟ಳఏ௠

௕ఈ
݀߬஻ െ

௟ಳఏ௡

௕ఈ
݀߬஺                    (36) 220 

Using (35) and (36), as well as (23) and (24), obtains the total differential of consumer surplus: 221 

ܥ݀ ஺ܵ ൌ െ
௟ಲ஽ಲఏ௡

ఈ
݀߬஺ െ

௟ಲ஽ಲఏ௠

ఈ
݀߬஻                  (37) 222 

஻ܵܥ݀ ൌ െ
௟ಳ஽ಳఏ௠

ఈ
݀߬஻ െ

௟ಳ஽ಳఏ௡

ఈ
݀߬஺                  (38) 223 

Analyzing the impact of pollution taxes on the consumer surplus, from (37) and (38), leads to the 224 
conclusion that, when pollution taxes are increased, the consumer surplus decreases, given that 225 
the marginal production costs increase, which directly influences the price of the goods available to 226 
consumers. On the contrary, reducing the level of taxes increases consumer surplus. 227 

Using (15) and (16), and (31) - (34) again, enables the calculation of the total differential of the 228 
benefit of the companies, thus: 229 

݀Π஺ ൌ െ
ଶఏሺ௠ାଵሻሺ௑ಲ௟ಲା௑ಳ௟ಳሻ

ఈ
݀߬஺ ൅

ଶ௠ఏሺ௑ಲ௟ಲା௑ಳ௟ಳሻ

ఈ
݀߬஻             (39) 230 

݀Π஻ ൌ െ
ଶఏሺ௡ାଵሻሺ௒ಲ௟ಲା௒ಳ௟ಳሻ

ఈ
݀߬஻ ൅

ଶ௠ఏሺ௒ಲ௟ಲା௒ಳ௟ಳሻ

ఈ
݀߬஺             (40) 231 

Examining the effect of pollution taxes on the benefit for companies, as taken from (39) and (40), 232 
leads to the observation that reducing the pollution taxes in the local country favors the 233 
competitiveness of the local companies over foreign companies by reducing the marginal 234 
production costs in the local country. This will increase the benefit for local companies, while the 235 
benefit to the foreign companies will decrease. 236 

Using (30) when ߬஺, ߬஻ ൏  and using (31) – (34) again, obtains the total differential of government 237 ,ߣ
income from the levying of pollution taxes on companies, from which the following is obtained: 238 

݀ሺ߬஺ ஺ܼሻ ൌ ቀെ߬஺ 	
௡ఏమሺ௠ାଵሻ

௕ఈ
൅ ቁ݀߬஺ܺߠ݊ ൅ ቀ߬஺

௠௡ఏమ

௕ఈ
ቁ ݀߬஻            (41) 239 

݀ሺ߬஻ܼ஻ሻ ൌ ቀെ߬஻
௠ఏమሺ௡ାଵሻ

௕ఈ
൅ ቁ݀߬஻ܻߠ݉ ൅ ቀ߬஻

௠௡ఏమ

௕ఈ
ቁ ݀߬஺            (42) 240 

Studying the impact of pollution taxes in ߬஺ ஺ܼ and ߬஻ܼ஻, from (41) and (42), leads to the observation 241 
that, when the government increases pollution taxes, tax revenue increases. However, this also 242 
raises marginal production costs, thus disincentivizing production and decreasing income from 243 
pollution taxes. In this sense, the aggregate effect is uncertain. 244 



 

 

Finally, using (30) when ߬஺, ߬஻ ൏  and using (31) – (34) again, obtains the total differential of social 245 ,ߣ
cost of polluting, from which gives the following: 246 

݀ ஺ܼ ൌ െ
௡ఏమሺ௠ାଵሻ

௕ఈ
݀߬஺ ൅

௠௡ఏమ

௕ఈ
݀߬஻                   (43) 247 

ܼ݀஻ ൌ െ
௠ఏమሺ௡ାଵሻ

௕ఈ
݀߬஻ ൅

௠௡ఏమ

௕ఈ
݀߬஺                   (44) 248 

Thus, an analysis of the effect of the application of environmental policy on the social cost of 249 
polluting, using (43) and (44), reveals that increasing pollution taxes in the local country increases 250 
marginal production costs. This disfavour the companies’ levels of production and, therefore, 251 
reduces the emission of pollutants into the environment and the social costs of polluting. However, 252 
this does increase the competitiveness and productivity of foreign companies, thus increasing 253 
emissions in the foreign company. It can also be observed that the size of the countries has no 254 
effect on the impact of the implementation of pollution taxes on the social cost of polluting. 255 

From (37) - (44), the total differential of (21) and (22) with respect to the pollution tax policy can be 256 
obtained in the following expressions: 257 

݀ ஺ܹ ൌ ଵ݀߬஺ܧ ൅  ଶ݀߬஻                      (45) 258ܧ

݀ ஻ܹ ൌ ଷ݀߬஻ܧ ൅  ସ݀߬஺                      (46) 259ܧ

where 260 

ଵܧ ൌ ஺ܦଵሾെ݈஺ିߙߠ݊ െ 2ሺ݉ ൅ 1ሻሺ ஺݈ܺ஺ ൅ ܺ஻݈஻ሻ ൅ ߙܺ ൅ ଵሺ߰ିܾߠ െ ߬஺ሻሺ݉ ൅ 1ሻሿ 

ଶܧ ൌ ஺ܦଵሾെ݈஺ିߙ݉ߠ െ 2݊ሺ ஺݈ܺ஺ ൅ ܺ஻݈஻ሻ െ ଵሺ߰ିܾߠ݊ െ ߬஺ሻሿ 

ଷܧ ൌ ஻ܦଵሾെ݈஻ିߙ݉ߠ െ 2ሺ݊ ൅ 1ሻሺ ஺ܻ݈஺ ൅ ஻ܻ݈஻ሻ ൅ ߙܻ ൅ ଵሺ߰ିܾߠ െ ߬஻ሻሺ݊ ൅ 1ሻሿ 

ସܧ ൌ ஻ܦଵሾെ݈஻ିߙ݊ߠ െ 2݉ሺ ஺ܻ݈஺ ൅ ஻ܻ݈஻ሻ െ ଵሺ߰ିܾߠ݉ െ ߬஻ሻሿ 

The first term within the square brackets in (45) and (46) is the consumer surplus effect, which is 261 
clearly negative for any pollution tax in both countries, given that an increase in the tax will increase 262 
marginal production costs and, consequently, reduce the amount of the good produced, thus 263 
increasing the price for consumers. 264 

The second term found within the square brackets in (45) and (46) is the producer surplus effect. 265 
Along with the increase in pollution tax in a local country, the cost for the local companies 266 
increases, while the producer surplus decreases. The cost disadvantage for local companies 267 
reduces their competitiveness with foreign companies, while the producer surplus of foreign 268 
companies increases. 269 

Finally, the remaining terms in the square brackets in (45) and (46) represent the damaging effect of 270 
pollution. When less pollution is permitted in a local country through the imposition of the pollution 271 
tax, the cost to the company located in this country increases and production decreases; therefore, 272 
local wellbeing increases because this has a positive impact on human health. On the other hand, 273 
this tax would increase the foreign companies’ competitiveness and levels of production, which, in 274 
turn, would increase the amount of pollution emitted in the foreign country. The ambiguous effect of 275 
tax revenue is also manifested in these same terms, given that, on the one hand, the 276 
implementation of the pollution tax increases government income; however, on the other hand, both 277 
the production costs and the final price for consumers increase. 278 

The concavity conditions establish that: 279 

ௗమௐಲ

ௗఛಲ
మ ൌ

௡ఏమ

௕ఈమ
ቀ2ሺ݈஺

ଶ ൅ ݈஻
ଶሻሺ݉ ൅ 1ሻଶ ൅ ൫݈݊஺

ଶ െ ሺ݉ߙ2 ൅ 1ሻ൯ቁ ൏ 0           (47) 280 

ௗమௐಳ

ௗఛಳ
మ ൌ

௠ఏమ

௕ఈమ
ቀ2ሺ݈஺

ଶ ൅ ݈஻
ଶሻሺ݊ ൅ 1ሻଶ ൅ ൫݈݉஻

ଶ െ ሺ݊ߙ2 ൅ 1ሻ൯ቁ ൏ 0           (48) 281 

The first factor in (47) and (48) is clearly positive; moreover, considering that ݈஺ ൅ ݈஻ ൌ 1, it can be 282 
easily shown that: 283 



 

 

2ሺ݈஺
ଶ ൅ ݈஻

ଶሻሺ݉ ൅ 1ሻଶ ൅ ൫݈݊஺
ଶ െ ሺ݉ߙ2 ൅ 1ሻ൯ ൏ 0 

2ሺ݈஺
ଶ ൅ ݈஻

ଶሻሺ݊ ൅ 1ሻଶ ൅ ൫݈݉஻
ଶ െ ሺ݊ߙ2 ൅ 1ሻ൯ ൏ 0 

which implies that WA and WB, are concave. 284 

To find the optimal values in the non-cooperative equilibrium, the following is required: 285 

 
ௗௐಲ

ௗఛಲ
ൌ 0 and  

ௗௐಳ

ௗఛಳ
ൌ 0.  286 

from which the following equations are obtained: 287 

ௗௐಲ

ௗఛಲ
ൌ െ

௟ಲ஽ಲఏ௡

ఈ
െ ݊

ଶఏሺ௠ାଵሻሺ௑ಲ௟ಲା௑ಳ௟ಳሻ

ఈ
െ ߬஺

௡ఏమሺ௠ାଵሻ

௕ఈ
൅ ܺߠ݊ ൅ ߰

௡ఏమሺ௠ାଵሻ

௕ఈ
ൌ 0      (49) 288 

ௗௐಳ

ௗఛಳ
ൌ െ

௟ಳ஽ಳఏ௠

ఈ
െ ݉

ଶఏሺ௡ାଵሻሺ௒ಲ௟ಲା௒ಳ௟ಳሻ

ఈ
െ ߬஻

௠ఏమሺ௡ାଵሻ

௕ఈ
൅ ܻߠ݉ ൅ ߰

௠ఏమሺ௡ାଵሻ

௕ఈ
ൌ 0      (50) 289 

From the above expressions, the optimal pollution taxes in the non-cooperative equilibrium can be 290 
deduced: 291 

߬஺
∗ ఏሺ௠ାଵሻ

௕
ൌ ஺ܺ൫ߙ െ ݈஺ሺ2݉ ൅ ݊ ൅ 2ሻ൯ ൅ ܺ஻൫ߙ െ 2݈஻ሺ݉ ൅ 1ሻ൯ െ ݉ ஺ܻ݈஺ ൅ ߰

ఏሺ௠ାଵሻ

௕
     (51) 292 

߬஻
∗ ఏሺ௡ାଵሻ

௕
ൌ ஻ܻ൫ߙ െ ݈஻ሺ2݊ ൅݉ ൅ 2ሻ൯ ൅ ஺ܻ൫ߙ െ 2݈஺ሺ݊ ൅ 1ሻ൯ െ ݊ܺ஻݈஻ ൅ ߰

ఏሺ௡ାଵሻ

௕
     (52) 293 

From this point on, this study assumes a monopoly in each country, which means that ݉ ൌ ݊ ൌ 1. 294 
This hypothesis will simplify the analysis without affecting the use of the principal variables. In the 295 
event that the size of the countries is very different, in such a way that ݈஺ ≪ ݈஻, ݈஺ → 0 and ݈஻ → 1, 296 
the following is obtained from (51) and (52): 297 

߬஺
∗ ଶఏ

௕
ൌ 3 ஺ܺ െ ܺ஻ ൅ ߰

ଶఏ

௕
                     (53) 298 

߬஻
∗ ଶఏ

௕
ൌ െ2 ஻ܻ െ ܺ஻ ൅ 3 ஺ܻ ൅ ߰

ଶఏ

௕
                   (54) 299 

Given (53) and (54), it can be observed that when ψ is significantly large, ߬஺
∗, ߬஻

∗ ൐ 0. This conclusion 300 
is clear, with the government placing a much higher value on the adverse effects of pollution when 301 
the costs associated with it are very high, while, at the same time, being stimulated to increase its 302 
tax revenue. On the other hand, the benefits for the companies decrease, as does the consumer 303 
surplus, due to the increase in the marginal production cost and the resulting increase in prices for 304 

the consumer. Moreover, it is clear that 
ௗఛಲ

∗

ௗట
,
ௗఛಳ

∗

ௗట
൐ 0, therefore, the higher marginal disutility for 305 

polluting, the greater the tax applied by the government. 306 

On the other hand, it is possible to deduce, from (53), for the small country that, if CA>>0, namely 307 
that, if the marginal cost to the company in the small country is significantly high, the term XB 308 
(exports to the large country) mainly impacts on the corresponding expression in such a way that 309 
߬஺
∗ ൑ 0. Therefore, ߬஺

∗ ൌ 0, given that, by definition, it is not negative. Intuitively, the small country 310 
must promote the competitiveness of its national industry, thus reducing the marginal cost, with a 311 
natural way of doing so being to eliminate the pollution tax. 312 

Similarly, for the large country, it is possible to deduce from (54) that, if CB>>0, namely that if the 313 
marginal cost for the company in the large company is high, the term YB (production for local 314 
consumption) impacts more on the corresponding expression in such a way that ߬஻

∗ ൑ 0. Therefore, 315 
߬஻
∗ ൌ 0. Intuitively, the large country would encourage its competitiveness by strengthening local 316 

production and consumption (XB and YA are not very significant in this expression, as they represent 317 
imports from and exports to the small country, respectively). The last three paragraphs can be 318 
formally summarized in the following proposition. 319 

Proposition 1. In the non-cooperative equilibrium, if  ࡭࢒ → ૙, and  ࡮࢒ → ૚ 320 

1.  If ψ is sufficiently high, then ࣎࡭
∗ ൐ ૙  and  ࣎࡮

∗ ൐ ૙ 321 

2. If CA>>0, then ࣎࡭
∗ ൌ ૙, and if  CB>>0, then ࣎࡮

∗ ൌ ૙ 322 



 

 

Alternatively, in the event that both countries are of a similar size, in that ݈஺ ൎ ݈஻ ൎ 0.5, the optimal 323 
pollution tax would be: 324 

߬஺
∗ ଶఏ

௕
ൌ 0.5 ஺ܺ ൅ ܺ஻ െ 0.5 ஺ܻ ൅ ߰

ଶఏ

௕
                  (55) 325 

߬஻
∗ ଶఏ

௕
ൌ 0.5 ஻ܻ ൅ ஺ܻ െ 0.5ܺ஻ ൅ ߰

ଶఏ

௕
                  (56) 326 

Formulas (55) and (56) can be interpreted via the following proposition. 327 

Proposition 2. In the non-cooperative equilibrium, if  ࡭࢒ ൎ ࡮࢒ ൎ ૙. ૞ 328 

1. If ψ is sufficiently high, then ࣎࡭
∗ ൐ ૙  and  ࣎࡮

∗ ൐ ૙ 329 

2. If ࡭ࢅ ≫ ࡭࣎ then , ࡮ࢄ
∗ ൌ ૙, and if ࡮ࢄ ≫ ࡮࣎ then , ࡭ࢅ

∗ ൌ ૙ 330 

The first result for the above proposition expresses the fact that the government applies a positive 331 
tax, provided that the disutility of polluting is considerably high, thus placing more value on the 332 
potential negative effect of pollution on human health than on the other components of the function 333 
of wellbeing. 334 

However, there is a very clear intuitive interpretation for the second result of the previous 335 
proposition. If the quantity of goods imported is considerably higher than the quantity of goods 336 
exported, the best policy is a zero tax rate. In this case, the government favors the local companies 337 
by reducing their costs, which positively influences their benefits and increases their 338 
competitiveness compared to foreign companies. At the same time, this benefits consumers, who 339 
pay lower prices as a consequence of the reduction of the marginal cost. 340 

Optimal environmental policy for non-cooperative equilibrium can be summarized in the following 341 
terms. If the marginal disutility of polluting is sufficiently high, the government applies a positive tax, 342 
for both small and large countries (݈஺ → 0, and ݈஻ → 1) and similar-sized countries (݈஺ ൎ ݈஻ ൎ 0.5). In 343 
this case, the adverse effect on human health as caused by pollution is taken more into account 344 
than the other components of wellbeing in these countries. In the case of the small and large 345 
countries, the optimal pollution taxes depend on the companies’ relative efficiency. The country with 346 
the most efficient company will establish the strictest pollution policy, given that the total benefit, 347 
both to the consumer and in terms of the producer surplus, is lower than the damage caused to 348 
people’s health by the quantity of pollution emitted, despite the loss of competitiveness for the 349 
efficient company. In the case of similar-sized countries, if the size of the export market for the 350 
foreign country is significantly greater than the size of the export market for the domestic country, 351 
the government facilitates the local companies’ productivity by not levying a pollution tax, although 352 
this does cause damage to environment. 353 

 354 

4. POLLUTION TAX IN THE COOPERATIVE ENVIRONMENT 355 

 356 

With the optimal environmental policies determined above, the pollution control policies in a 357 
cooperative environment will be analyzed below. This study considers that Country A will establish 358 
the optimal tax, ߬஺

∗, taking into account the impact of this policy on not only its own wellbeing, but 359 
also the wellbeing of Country B. Similarly, ߬஻

∗  will also be obtained. Formally, based on (45) and 360 
(46), the following is obtained: 361 

݀ ஺ܹ ൌ ሺܧଵ ൅  ସሻ݀߬஺                      (57) 362ܧ

݀ ஻ܹ ൌ ሺܧଶ ൅  ଷሻ݀߬஻                      (58) 363ܧ

Developing and simplifying (57) and (58), in order that ܪଵ ൌ ݈஺ ஺ܺ ൅ ݈஻ܺ஻ and ܪଶ ൌ ݈஺ ஺ܻ ൅ ݈஻ ஻ܻ, the 364 
following is obtained: 365 

݀ ஺ܹ ൌ ଵ൫െ݈஺ሺ݊ିߙߠ݊ ஺ܺ ൅ ݉ ஺ܻሻ െ 2ሺ݉ ൅ 1ሻܪଵ ൅ ሺ ஺ܺ ൅ ܺ஻ሻߙ ൅ ଵሺ݉ିܾߠ ൅ 1ሻሺ߰ െ ߬஺ሻ
െ ݈஻ሺ݉ ஻ܻ ൅ ݊ܺ஻ሻ ൅ ଶܪ2݉ െ݉ିܾߠଵሺ߰ െ ߬஻ሻ൯݀߬஺ 



 

 

݀ ஻ܹ ൌ ଵ൫െ݈஻ሺ݉ିߙߠ݉ ஻ܻ ൅ ݊ܺ஻ሻ െ 2ሺ݊ ൅ 1ሻܪଶ ൅ ሺ ஺ܻ ൅ ஻ܻሻߙ ൅ ଵሺ݊ିܾߠ ൅ 1ሻሺ߰ െ ߬஻ሻ
െ ݈஺ሺ݊ ஺ܺ ൅ ݉ ஺ܻሻ ൅ ଵሺ߰ିܾߠଵെ݊ܪ2݊ െ ߬஺ሻ൯݀߬஻ 

Simplifying even further, considering that ݉ ൌ ݊ ൌ 1, the following is obtained: 366 

݀ ஺ܹ ൌ
1
3
ߠ ቆ2ܪଶ െ ଵܪ4 ൅ 3 ஺ܺ ൅ 3ܺ஻ െ ݈஺ሺ ஺ܺ ൅ ஺ܻሻ െ ݈஻ሺܺ஻ ൅ ஻ܻሻ െ

1
ܾ
ሺ߰ߠ െ ߬஻ሻ ൅

2
ܾ
ሺ߰ߠ െ ߬஺ሻቇ 

݀ ஻ܹ ൌ
1
3
ߠ ቆ2ܪଵ െ ଶܪ4 ൅ 3 ஺ܻ ൅ 3 ஻ܻ െ ݈஺ሺ ஺ܺ ൅ ஺ܻሻ െ ݈஻ሺܺ஻ ൅ ஻ܻሻ െ

1
ܾ
ሺ߰ߠ െ ߬஺ሻ ൅

2
ܾ
ሺ߰ߠ െ ߬஻ሻቇ 

Setting ݀ ஺ܹ ൌ 0 and ݀ ஻ܹ ൌ 0 and solving the system of simultaneous equations for A and B 367 
obtains the optimal policies for pollution taxes: 368 

߬஺
∗ ൌ

ଵ

ఏ
ሺെ3ܾܪଵ െ ଶ൅2ܾܪܾ ஺ܺ൅2ܾܺ஻ ൅ ܾ ஺ܻ ൅ ܾ ஻ܻ ൅  ሻ            (59) 369߰ߠ

߬஻
∗ ൌ

ଵ

ఏ
ሺെ3ܾܪଶ െ ଵ൅2ܾܪܾ ஻ܻ൅2ܾ ஺ܻ ൅ ܾ ஺ܺ ൅ ܾܺ஻ ൅  ሻ            (60) 370߰ߠ

Firstly, analyzing the asymmetric case (݈஺ → 0 and ݈஻ → 1), (59) and (60) are transformed into: 371 

߬஺
∗ ൌ

ଵ

ఏ
ሺെܾ ஺ܺ൅2ܾܺ஻ ൅ ܾ ஻ܻ ൅  ሻ                   (61) 372߰ߠ

߬஻
∗ ൌ

ଵ

ఏ
ሺെܾ ஻ܻ൅2ܾ ஺ܻ ൅ ܾ ஺ܺ ൅  ሻ                   (62) 373߰ߠ

The results that are obtained from the two previous equations can be formally expressed as: 374 

Proposition 3. In the cooperative equilibrium, if  ࡭࢒ → ૙, and  ࡮࢒ → ૚ 375 

1. If ࣒ ≫ ૙,	then ࣎࡭
∗ ൐ ૙ and  ࣎࡮

∗ ൐ ૙ 376 

2. If ࡭࡯ ≫ ࡭ࢄ  and ࡮࡯ ≫ ࡭࣎ then , ࡮ࢄ
∗ ൌ ૙ and  ࣎࡮

∗ ൐ ૙ 377 

 If ࡮࡯ ≫ ࡮ࢅ and ࡭࡯ ≫ ࡮࣎ then , ࡭ࢅ
∗ ൌ ૙  and  ࣎࡭

∗ ൐ ૙ 378 

Similarly, in the above propositions, Result 1 for Proposition 3 signifies that, when the social cost of 379 
polluting is significantly high, governments act to protect the environment and people’s health at the 380 
expense of the benefits for the companies and the consumer surplus. 381 

Result 2 for Proposition 3 can be expressed in the following terms. Intuitively, if the marginal cost in 382 
the small country is higher than in the large country and the quantity produced for local 383 
consumption is significantly higher than the quantity produced that is earmarked for export, then the 384 
negative term in (61) is imposed, meaning that ߬஺

∗ ൌ 0. In other words, the government of the small 385 
country favors its competitiveness by not levying taxes on its emissions, while the government of 386 
the large country does levy taxes on its emissions, placing greater priority on the adverse effects of 387 
pollution on the environment.  388 

Similarly, if the marginal cost in the large country is higher than in the small country and the total 389 
production for local consumption is significantly higher than the quantity produced for export, then 390 
the negative term in (62) results in ߬஻

∗ ൏ 0, which means that ߬஻
∗ ൌ 0. That is to say, the government 391 

favors the competitiveness of the large country by not applying the pollution tax, while the 392 
government of the small country levies taxes on its emissions, placing greater emphasis on the 393 
damage caused to the health of its inhabitants. In other words, the optimal joint wellbeing policy will 394 
favor the least efficient country, by not levying taxes on its emissions, thus promoting productivity. 395 
This implicitly takes into account the fact that the most efficient country will give greater priority to 396 
the beneficial effects for the environment, bringing with it a reduction in the emissions brought about 397 
by the imposition of the pollution tax. 398 

However, when the countries are of a similar size (݈஺ ൎ ݈஻ ൎ 0.5, (59) and (60) are transformed into: 399 

߬஺
∗ ൌ ߰ ൅

௕ሺ௑ಲା௑ಳା௒ಲା௒ಳሻ

ଶఏ
                     (63) 400 



 

 

߬஻
∗ ൌ ߰ ൅

௕ሺ௑ಲା௑ಳା௒ಲା௒ಳሻ

ଶఏ
                     (64) 401 

from the interpretation of which, the following proposition can be formulated:6 402 

Proposition 4. In cooperative equilibrium, if ࡭࢒ ൎ ࡮࢒ ൎ ૙. ૞, then ࣎࡭
∗ ൌ ࡮࣎

∗ ൐ ૙ 403 

The previous proposition indicates that, for similar-sized countries with the monopoly for a good in 404 
both countries, their governments will always apply a tax which will increase or decrease according 405 
to fluctuations in the marginal disutility of polluting, thus controlling emissions through the tax in a 406 
coordinated manner with the variations in the social cost of polluting. However, this intra-407 
government application of environmental policy also involves the companies’ production quotas. 408 
While the quantity of goods produced by the companies may be higher or lower, governments will 409 
attempt to control emissions either by increasing or decreasing the respective pollution tax by the 410 
same measure, thus attempting to give equal weight to the environmental damage in both countries 411 
without overly affecting the benefits to both the companies and the final consumer.  412 

Finally, it should be noted that the function WA is not continuous in ߬஺ ൌ  given the manner in 413 ,ߣ
which ܭ஺ is defined in (29). Thus, using limits from (28), (29) and (30) leads to the following: 414 

݈݅݉ఛಲ→ఒశ ஺ܹ ൌ ܥ ஺ܵ ൅݊ߎ஺
∗ ൅ ߬஺ ஺ܼ െ ߰ ஺ܼ                 415 

 (65) 416 

݈݅݉௧ಲ→ఒశ ஺ܹ ൌ ܥ ஺ܵ ൅݊ߎ஺
∗                     417 

 (66) 418 

݈݅݉ఛಲ→ఒష ஺ܹ ൌ ܥ ஺ܵ ൅݊ߎ஺
∗ ൅ ߬஺ ஺ܼ െ ߰ ஺ܼ                 419 

 (67) 420 

݈݅݉ఛಲ→ఒష ஺ܹ ൌ ܥ ஺ܵ ൅݊ߎ஺
∗ ൅ ሺ݊ߣ ஺ܺߠ ൅ ݊ܺ஻ߠሻ െ ߶ሺ݊ ஺ܺߠ ൅ ݊ܺ஻ߠሻ         421 

 (68) 422 

݈݅݉ఛಲ→ఒష ஺ܹ ൌ ܥ ஺ܵ ൅݊ߎ஺
∗ ൅ ሺߣ െ ߰ሻሺ݊ ஺ܺߠ ൅ ݊ܺ஻ߠሻ             423 

 (69) 424 

Using (66) and (69), gives: 425 

݈݅݉ఛಲ→ఒశ ஺ܹ െ ݈݅݉ఛಲ→ఒష ஺ܹ ൌ ሺ߰ െ ሻሺ݊ߣ ஺ܺߠ ൅ ݊ܺ஻ߠሻ              426 
 (70) 427 

while, from (70), the following can be deduced: 428 

݈݅݉ఛಲ→ఒశ ஺ܹ െ ݈݅݉ఛಲ→ఒష ஺ܹ ൐ 0 ߰	݅ݏ		 ൐  429                 ߣ
 (71) 430 

݈݅݉ఛಲ→ఒశ ஺ܹ െ ݈݅݉ఛಲ→ఒష ஺ܹ ൌ 0 ߰	݅ݏ		 ൌ  431                 ߣ
 (72) 432 

݈݅݉ఛಲ→ఒశ ஺ܹ െ ݈݅݉ఛಲ→ఒష ஺ܹ ൏ 0 ߰	݅ݏ		 ൏  433                 ߣ
 (73) 434 

The same reasoning can be repeated by analyzing the discontinuity of WB in ߬஻ ൌ  and stating the 435 ,ߣ
following proposition: 436 

Proposition 5. For both the cooperative and non-cooperative environment. 437 

1. If ࣒ ൒ ࡭࣎ then ࣅ
∗ ൒ ࡮࣎		ࢊ࢔ࢇ		ࣅ

∗ ൒  thus the companies do not pollute. 438 ,ࣅ

2. If ࣒ ൏ ࡭࣎ then ࣅ
∗ ൏ ࡮࣎		ࢊ࢔ࢇ		ࣅ

∗ ൏  thus the companies do not reduce the pollution emitted. 439 ,ࣅ

Intuitively, if the marginal disutility of polluting is higher than the abatement cost, the pollution tax is 440 
also higher than the abatement cost. For this reason, it is more convenient, for the companies, to 441 
assume the cost of abating the pollution than to pay the corresponding tax and, as a consequence 442 
the companies do not pollute. However, if the marginal disutility of polluting is lower than the 443 
abatement cost, then the pollution tax is also lower than the abatement cost. It is for this reason that 444 



 

 

the companies would rather pay the pollution tax than assume the cost of abating the pollution. 445 
Thus, the companies do not reduce the pollution they generate, even by a minimal amount.  446 

 447 

5. CONCLUSIONS 448 
 449 

One of the fundamental objectives of the countries is to ensure that the companies are competitive 450 
in international and national markets, in order to achieve permanent economic development. 451 
Unfortunately, sustainable development is not always implicit in economic progress. In this sense, 452 
strategic environmental policy tends to guarantee that economic growth occurs in harmony with a 453 
healthy environment, controlling the quantity of pollutants emitted by companies while 454 
guaranteeing, to a degree, their productivity.   455 

Generally, the application of instruments of environmental control tends to lead to an increase the 456 
companies’ production costs, which is accompanied by a drop in their productivity. Governments 457 
should thus be very careful not to impose too strict environmental regulation measures that threaten 458 
competitiveness, industrial activity and the survival of national companies. Therefore, environmental 459 
control measures can be considered as barriers to trade, with their implications widely debated in 460 
both international trade and environmental forums. 461 

The present study develops a partial equilibrium model, under reciprocal dumping conditions for 462 
bilateral trade in a homogeneous good between two different-sized countries, in which two 463 
heterogeneous companies located in each country compete under Cournot competition conditions. 464 
In order to control the emission of pollutants, the governments of both countries use pollution taxes, 465 
which consist in levying an amount against the companies per unit of pollution emitted. While this 466 
does mean that those companies that pollute more pay more, the companies have the adequate 467 
technology for reducing the emissions caused by their production processes.   468 

This study determines the optimal pollution tax that maximizes the wellbeing of the two countries 469 
involved in the reciprocal dumping, in both a cooperative and non-cooperative environment. This 470 
enables strategic environmental policy to be deduced relative to both the optimal values for the 471 
pollution tax and the cost structure for the companies, considered, principally, to consist of the 472 
abatement cost and the marginal disutility of polluting. However, the application of said optimal 473 
environmental policy directly affects the social welfare function of the two countries, in which the 474 
following are harmoniously included: the benefit to the companies; consumer surplus; the 475 
government’s revenue from the collection of the pollution tax; and, the social cost of polluting.  476 

Under the non-cooperative framework, the optimal pollution tax depends, in the first place, on the 477 
asymmetry between the countries, the efficiency of their production processes, the companies’ 478 
production quotas (for product for both local consumption and export), and the marginal disutility of 479 
polluting.  480 

If the marginal disutility of polluting is sufficiently high, the government applies a positive tax; both in 481 
the case of, a small country and a large country; as in the case of countries with a similar size. In 482 
this case, the adverse effect that pollution causes to human health is taken more into account than 483 
the other components of the countries’ wellbeing. In the case of the small and large countries, the 484 
optimal pollution tax depends on the companies’ relative efficiency. The country with the more 485 
efficient company will establish the strictest pollution policy, given that the sum of the benefit to the 486 
consumer and the producer surplus is lower than the damage caused to people’s health by the 487 
amount of pollution emitted, despite the loss of competitiveness for the efficient company. In the 488 
case of similar-sized countries, if the export market size of the foreign country is significantly larger 489 
than the export market in the domestic country, the government favors the productivity of the local 490 
companies by not levying the pollution tax, although this causes damage to the environment. 491 

On the other hand, under the cooperative framework, both countries agree to set a cooperative 492 
pollution tax, taking into account the effect of the optimal tax on the wellbeing of the other country. 493 
In other words, both governments will decide on the optimal pollution tax, which affects not only the 494 
local damage caused by pollution on the health of the population, but also the consumer and 495 



 

 

producer surpluses in the other country. Thus, in the cooperative environment, the optimal pollution 496 
tax depends also on the asymmetry between the countries, the efficiency of the production process, 497 
the quantities of the good produced (for either local consumption or export), and the marginal 498 
disutility of polluting.  499 

When the marginal disutility of polluting is significantly high (independent of the relative size of the 500 
countries), reducing pollution is of maximum priority for the governments, as people’s health and the 501 
preservation of the environment is valued higher than the benefit to the companies and the 502 
consumer surplus. With regard to the asymmetry of the size of the countries, the governments must 503 
take into account the efficiency of the companies in order to offset the benefits and losses 504 
engendered by a policy of cooperation. If the marginal cost in one country is higher than in the other 505 
country and the quantity produced for local consumption is significantly higher than the quantity 506 
produced for export, the government in the first country does not tax pollution, while the government 507 
in the second does, thus encouraging productivity in the more inefficient country in order to induce 508 
greater competitive parity between the two countries. Finally, for similar-sized countries, the 509 
governments will always apply a tax that is either lower or higher depending on both the marginal 510 
disutility of polluting and the companies’ production quotas. Namely, they will regulate emissions by 511 
either increasing or decreasing the pollution tax in accordance with changes to the marginal 512 
disutility and the quantities produced by the companies. They will thus maintain a harmonious 513 
balance between the environmental damage caused by pollution on the one hand, and the 514 
companies’ utility and the benefit for consumers on the other. 515 

Finally, if the cost of the marginal disutility of polluting exceeds the abatement cost, then the optimal 516 
tax is higher than the abatement cost. In this case, the companies opt to assume the cost of 517 
reducing emissions and, thus, they decrease their emissions completely. However, if the marginal 518 
disutility of polluting is lower than the abatement cost, then the optimal tax is lower than the 519 
abatement cost. In this case, the companies opt to pay the pollution tax and refrain from reducing 520 
their emissions in any way. 521 

 522 
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