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Abstract 
The relationship between trade and environment is among the most hotly debated issues nowadays as awareness 
on the adverse effect of climate change rises. The majority of models that study the relationship between trade 
and environment has been focused on the pollution haven effect, which predicts that polluting industries will be 
moving from countries with stringent pollution standards to countries with lax environmental regulations. 
However to the best of our knowledge, the effect of the introduction of the unilateral tax under different degrees 
of substitutability between domestic and imported goods on the sectoral development, trade, and pollution has 
not been studied. We fill this literature gap by developing a two-country model (North and South) that 
incorporates semitradable goods and examines the economic and environmental consequences when unilateral 
pollution regulation is imposed. In particular, we investigate how the introduction of a pollution tax in a 
developed North will affect economic development and environmental quality in both the developed North and 
the developing South. Our analysis shows that outputs of polluting and clean goods in both North and South are 
sensitive to the degree of transformability between exported and domestically produced clean goods in the North 
and the degree of substitutability between the imported and domestic polluting goods in the North. The resulting 
environmental quality under unilateral regulation is strongly affected by the initial conditions of the economies 
(size, pollution intensity, etc.).  
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1.  Introduction 

 

This research studies the effect of the environmental regulation on economic outputs under a 

trading environment where there exists substitution between domestically produced and 

imported goods (i.e. Armington type trading environment). In particular, we consider a 

developed economy that implements a unilateral pollution tax and trades clean goods and 

dirty goods with a developing country. The resulting trade flow and pollution outcome are 

then analyzed using the model that we develop. 

 

One critical assumption in our analysis is related to the specialty of clean/polluting good 

production in the developed and developing countries. The environmental Kuznets Curve 

(EKC), which illustrates a reverse U-shape relationship between a country’s per capita income 

and its per capita carbon emission level, is suggested to be determined by three distinct 

effects: scale, technique, and composition (Copeland and Taylor, 2003). While pollution 

levels increases as consumption of goods increases with economic growth (the scale effect), 

the demand on environmental quality as a normal good will reduce pollution level through 

increasing use of less polluting technology (the technique effect) and more demand on low 

polluting goods (the composite effect) as economy matures. In this paper we follow the 

conclusion drawn from EKC literature and assume that the developed country specializes in 

clean goods, whereas the developing country specializes in polluting goods. The two 

countries then trade the goods of specialty with each other. This assumption allows us to 

focus on the specific effect of Armington-type trading environment on environmental 

regulation without including the income effects on trade and production decisions. 

 

The relationship between environmental regulation and trade, as summarized in Taylor 

(2005), can be characterized by two distinct effects: (1) pollution haven effect, which predicts 

that polluting industries will be moving from countries with stringent pollution standards to 

countries with lax environmental regulations; and (2) pollution haven hypothesis, which states 

that lowering of trade barrier will enhance the pollution haven effect. While the pollution 

haven effect has been supported by some empirical studies, the pollution haven hypothesis 

remains less asserted in both theoretical and empirical literature (Copeland and Taylor 1994, 

2003). This is because some of the conflicting factors contributing to the pollution haven 

hypothesis are also contributing to the pollution haven effect.  
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In Copeland and Taylor (1994), the seminal theoretical work that studies the effects between 

trade and environment, the model characterizes two economies that trade over a continuum of 

goods differentiated with pollution intensity using one factor input (i.e. the labor). The two 

economies are different with respect to human capital endowment and labor is allowed to 

move across borders. Pollution tax is endogenously determined by maximizing consumer 

utility (given budget constraints) to capture the trading strategy of using pollution tax as a 

means to enhance aggregate economic output, which includes environmental quality gain. In 

equilibrium the optimal allocation of production with respect to pollution density will be 

determined. Environmental effects of trade from scale, composition, and technology can then 

be analyzed.  

 

The Copeland-Taylor model has been served as a frequently-used foundation for following 

studies on trade and environment (Antweiler, et.al (2001), Copeland and Taylor (2003), 

Copeland and Taylor (2005)) and has been expanded to cover issues that link global and local 

environmental regulation (Emilson and Zhu (2009)). In addition to the scale, composition, and 

technology effects, the effect of property rights of trade on environment has also been studied 

(Chichilnisky (1994)). To our knowledge the substitution  between imported and domestic 

goods has not been studied in the literature and as a result current conclusions on the scale, 

composition, and technology effects of trade on environment provides limited information on 

the influence of production and consumption preference stemming from product distinctions 

such as quality difference. We believe that it is quite essential to address it, given that 

modeling of two-way trade is important through its effect on the real exchange rate that might 

affect patterns of trade differently and hence might bring different changes to environment 

and structural adjustments as compared to the existing models.  

 

To fill this gap in the literature, this paper attempts to provide another look at the relationship 

between trade and environment by building a two-country model (North and South) that 

incorporates semitradable goods and examines the environmental consequences in some 

detail. To have a visual picture of the trade and environment relationship, the results of the 

model are tested using an artificial data set. 

 

The remainder of the paper is structured as follows. Section 2 discusses the model in some 

detail. Section 3 discusses the dataset constructed for the analysis and presents the results 

from numerical analysis. Section 4 concludes.  
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2.  The Model  

 

In this section, we give an overview of the key features and a formal description of the 

stylized two-sector two-country model that we developed.  

  

 

2.1 Overview of the Model  

 

This is a two-sector, two-country model, with the two sectors being defined as the greenhouse 

gases (GHG) emitting sector (i.e. the “polluting” sector) and the GHG-non-emitting sector 

(i.e.the “clean” sector) and the two countries being defined as the North and the South, while 

the North represents a developed country and the South – a developing country. In both North 

and the South, the polluting sectors use labor and capital to produce the core good. These 

sectors also emit the GHG as a by-product. More specifically, the production function of the 

polluting sectors is modeled with a joint production function, in which the emission of the 

GHG is proportional to the amount of the core product. The clean sectors in both North and 

the South also employ labor and capital in production. It is assumed that labor is perfectly 

mobile across sectors but not across countries, whereas capital is sector specific so it is 

immobile both across sectors and countries. All sectors operate under the constant returns to 

scale and in the perfect competition environment. Assuming profit-maximizing behavior of 

the producers, each producer uses factor inputs to the level where the marginal revenue 

product of each factor is equal to its factor price. 

 

Figures 1 and 2 show production processes in the North and the South. As a result of their 

comparative advantages, it is assumed that the developed North exports clean goods to the 

developing South, whereas the South exports polluting goods to the North2. (Figure 1). For 

the North, we follow the Armington assumption and assume that there exists differentiation 

between the domestic clean good and the exported clean good and between the domestic 

polluting good and the imported polluting good. We model the differentiation between the 

                                                
2 We assume that the North exports clean goods and the South exports polluting goods since the North is more 
developed and hence has comparative advantages in producing clean goods. As a result the North exports the 
clean goods abroad, whereas the South exports polluting goods. We could have assumed that both countries 
export both clean and polluting goods and add other realistic features, but it comes at the price of losing 
tractability. Therefore we leave this analysis for the future research. 
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domestic and exported clean goods using a CET function with an elasticity of transformation 

( t ) and differentiation between the imported polluting good and the domestic polluting good 

using a CES function with an Armington elasticity of substitution ( a ).  

 

Figure 1 Production structure and flows of commodities in the North 

 
 
Figure 2 Production structure and flows of commodities in the South 

 
 
 

Meanwhile, we also assume that there exists differentiation between the domestic polluting 

good and exported polluting good and between the domestic clean good and the imported 

clean good. Similar to the North, they are modelled with the CET and CES functions 

respectively.  
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both a production process and a commodity.  
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In addition to the producers of the clean and polluting goods, the model assumes two 

representative households, a household in the North and a household in the South. We assume 

that households own both sectors; therefore they receive income accrued to the economy 

including the net export income. The household in the North consumes the domestically 

produced clean good and the composite polluting good, which is made up of the imported and 

domestic polluting goods. The household in the South consumes the domestic polluting good 

and the composite clean good made up of imported and domestic clean goods. Trade balances 

in both countries are assumed to be exogenous. The formal description of the model is given 

in the next subsection.  

 

 

2.2  Formal Description of the Model  

 

In addition to the nonlinear representation of the model, we derive its log-linearized version. 

In what follows, we place the percentage change form equations to the right of the nonlinear 

equations. The bar over the variables indicates that these variables are exogenous and a 

circumflex (^) denotes percentage change in the corresponding variable. The North is the 

domestic economy, whereas the South is the foreign economy. Star over the variables (*) 

indicates the variables of the South. To save space we explain notation of the variables for the 

North only, since the corresponding variables for the South have similar notation.  

 

We assume a standard Cobb-Douglas production function for both polluting (X) and clean (Y) 

sectors: 

(1.a) xX k Lx       (1.b) ˆ
xX Lx   

(1.a*)  
*

* * * xX k Lx


      (1.b*)  * * *
xX Lx   

 

(2.a) yY m Ly       (2.b) ˆ
yY Ly   

(2.a*) 
** * * yY m Ly       (2.b*) * * *ˆ

yY Ly   

 

where X and Y stand for the amounts of dirty and clean goods produced, respectively. Lx and 

Ly are the amounts of labor employed in the X and Y sectors, respectively. x and y  are the 
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value share of the labor input in the outputs of sectors X and Y, respectively. k and m are 

constants3.  

 

We assume that the amount of pollution generated by the activity X is proportional to the 

amount of output produced by the activity X as defined in the equations 

 

(3.a) Dx X       (3.b)  Dx X  

(3.a*) * * *Dx X       (3.b*)  * *Dx X   

 

The first order conditions for employment are: 

 

(4.a) (1 )x Px Xw
Lx

    
    (4.b)    

1
dw Px X Lx


   


 

(4.a*) 
* * *

*
*

x Px Xw
Lx

  
     (4.b*)     * * * *w Px X Lx    

 

(5.a) y Py Y
w

Ly
  

      (5.b)   ŵ Py Y Ly    

(5.a*) 
* * *

*
*

y Py Y
w

Ly
  

     (5.b*)    * * * *w Py Y Ly    

 

where Py is a price of Y good and τ is pollution tax.   

 

By assumption, the North is more restrictive in terms of environmental standards and 

therefore it imposes a pollution tax on the polluting activity (X sector), whereas the South is 

more reluctant with respect to it. The tax rate is exogenous and it diminishes the net revenues 

of the X producer in the North. 

 

We differentiate Y commodities in the North and X commodities in the South by their source 

of destination and assume qualitative differences between exported and domestically supplied 

                                                
3 Note that we assume that capital is sector-specific in both X and Y sectors. Therefore to simplify notation we 
use k and m that capture all sector specific features including capital in these sectors as it does not have further 
impact on the linear solution of the model.  
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goods. The output of Y good is transformed into exports (Ye) and domestic sales (Yd) via a 

CET function as follows: 

 

(6.a)  
1

(1 )t t t
t tY n Yd Ye           (6.b)  ˆ (1 )Y Yd Ye      , 

 

The output of X good is transformed into exports (Xe) and domestic sales (Xd) via a CET 

function as follows: 

(6.a*)    
*

1
*** * * * * *(1 )

tt t

t tX n Xd Xe
 

        
 

  

(6.b*)     * * * * *1X Xd Xe      , 

 

where n is a CET function shift parameter, t  is a CET function share parameter, t is a CET 

function exponent, and   is the value share of domestic sales of Y in the output of aggregate 

output.  

 

The optimal allocation of the aggregate Y production across the amounts of exported (Ye) and 

domestically produced good (Yd) is given by: 

 

(7.a) 
tYe Pe

Yd Pd



     
 

    (7.b)     tYe Yd Pe Pd    , 

 

The optimal allocation of aggregate X* production across the amounts of exported (Xe*) and 

domestically produced good (Xd*) is given by: 

 

(7.a*) 
*

* *
*

* *

tXe Pe
Xd Pd




 

  
 

   (7.b*)     * * * * *
tXe Xd Pe Pd    , 

 

where Pe is the price of exported good in local currency units, Pd is the price of domestically 

sold good in the domestic market,   is a constant, and t  is the elasticity of transformation 

between exported and domestically supplied Y goods.  
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The domestic X good in the North is substitutable with the imported X good from the South, 

thus the composite consumption of the X good in the North is given by:  

 

(8.a)     
1

*1 q qq
q qQq X Xe

   
      , (8.b)     * 1Qq a Xe a X     , 

 

where *Xe  is the amount of the imported X good,   is a shift parameter in CES function, q  

is a CES function share parameter, q  is a CES function exponent, and a is the value share of 

imports of X good in consumption of composite X good.  

 

Good Y in the South is substitutable with the Y good imported from the North so the 

composite consumption of the Y good in the South is given by 

(8.a*)     
1

* * * * *1q qq
q qQq Y Ye

   
       ,  

(8.b*)     * * * *1Qq a Ye a Y     , 

 

The optimal ratio of the amount of the import-competing X good to the imported Xe* good is 

given by: 

(9.a) 
* aXe Px

X Pwx R



      
,   (9.b)      *

aXe X Px Pwx R      

(9.a*) 
*

*
*

* *

aYe Py
Y Pwy R




 

    
,    (9.b*)     * * * *

aYe Y Pwy R Py      , 

 

where Pwx and Pwy are the world prices of goods X and Y, respectively, υ is a constant, and 

a  is the Armington elasticity of substitution between the imported and import-competing X 

goods.  

 

In the North we assume homothetic demand, with the composite X good and Y goods 

consumed in the fixed proportion to income. In the South we also assume homothetic 

demand, with the composite Y good and X goods consumed in fixed proportion to income.  
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(10.a) q I
Qq

Pq
 

       (10.b)  Qq I Pq   

(10.a*) 
* *

*
*

q I
Qq

Pq
 

      (10.b*)   * * *Qq I Pq   

(11.a) o IYd
Pd

 
       (11.b)  Yd I Pd   

(11.a*) 
* *

*
*

o IXd
Pd

 
      (11.b*)   * * *Xd I Pd   

 

where 1q o   , and q  and o  are marginal propensities to consumption of composite X 

good and domestic Y good, respectively. I is total income and Pq is the price of composite X 

good.  

 

In addition to producers, the model assumes two other representative agents: a household and 

the rest of the world. The total income (I) accruing to the economy is received by the 

households: 

 

(12.a) I Px X Py Y R Bal      , 

(12.b)        ˆ ˆ1I Px X Py Y R             , 

(12.a*) * * * * * * *I Px X Py Y R Bal      , 

(12.b*)          * * * * * * * * * *1I Px X Py Y R             , 

 

where R denotes the exchange rate and Bal  the balance of trade, and  ,   are the value 

shares of aggregate X and Y outputs in the total income.  

 

The value of the aggregate Y output is a sum of the values of exports and domestic sales of Y 

good: 

 

(13.a) Py Y Pe Ye Pd Yd        (13.b)     1Py Pd Pe      , 

(13.a*) * * * * *Px X Pe Xe Pd Xd       (13.b*)     * * * * *1Px Pd Pe      , 
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where the price of the exported Y good in local currency units (Pe) is defined as  

 

(14.a) Pe Pwy R  ,     (14.b)   ˆPe Pwy R  , 

(14.a*) * *Pe Pwx R  ,    (14.b)   * *Pe Pwx R  , 

 

The value of the composite X good (Qq) is given by  

 

(15.a) *Pq Qq Px X Pwx R Xe      ,  (15.b)      ˆ 1Pq a Pwx R a Px      , 

(15.a*) * * * * *Pq Qq Pwy R Ye Py Y      ,    (15.b*)       * * * *1Pq a Pwy R a Py      , 

 

Given that the model captures only Y exports and X imports, the balance-of-trade condition is 

formulated as follows: 

 

(16.a) *Pwx Xe Pwy Ye Bal    ,  (16.b)       * 1Pwx Xe Pwy Ye        . 

For the foreign country balance of trade is  

(16.a*) * *Pwy Ye Pwx Xe Bal    , (16.b*)        * * *1Pwy Ye Pwx Xe        . 

 

Note that the balance of trade is exogenously given. The bar over the variable balance of trade 

indicates that it is exogenous.  

 

The equilibrium in the labor market is given as follows: 

(17.a) Lx Ly L  ,     (17.b)    1 0Lx Ly      , 

(17.a*) * * *Lx Ly L  ,    (17.b*)    * * * *1 0Lx Ly      , 

 

where   is the share of the labor employed in the X sector and L is the total supply of labor. 

 

R and R* serve as the numeraires in the model: 

  

(18.a) 1R        (18.b)  0R   

(18.a*) * 1R        (18.b*) * 0R   
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Overall, the model has 36 equations with 34 unknowns. To solve the model, we have to 

eliminate two equilibrium conditions or add two additional variables. We proceed with the 

second approach by adding the walras variables to the balance-of-trade equations.  

 

 

3. Numerical Analysis 

 

In this section we discuss the effects of the introduction of the pollution tax (i.e. 20 percent) 

on the archetype economies. Given that the solution of our model cannot be solved 

analytically, we employ a numerical analysis to demonstrate the effects of the pollution tax on 

economic outputs under an Armington-type trading environment. The artificial social 

accounting matrices (SAM) and the parameters are shown in Tables 1 and 2 respectively.  

 

 

Table 1a SAM for the North Economy 

  A_X A_Y C_X C_Y LAB CAP H ROW TOTAL 
A_X   100.00      100 
A_Y    40.00    60.00 100 
C_X       140.00  140 
C_Y       40.00  40 
LAB 35.00 25.00       60 
CAP 65.00 75.00       140 
H     60.00 140.00  -20.00 180 
ROW   40.00      40 
TOTAL 100 100 140 40 60 140 180 40   
 

 

Table 1b SAM for the South Economy  

  A_X* A_Y* C_X* C_Y* LAB* CAP* H* ROW* TOTAL* 
A_X*   60.00     40.00 100.00 
A_Y*    50.00     50.00 
C_X*       60.00  60.00 
C_Y*       110.00  110.00 
LAB* 25.00 20.00       45.00 
CAP* 75.00 30.00       105.00 
H*     45.00 105.00  20.00 170.00 
ROW*    60.00     60.00 
TOTAL* 100.00 50.00 60.00 110.00 45.00 105.00 170.00 60.00  
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The SAMs consist of the following accounts: activities, commodities, factors, and 

representative agents. In particular it includes two sectors (polluting sector (A_X and A_X*) 

and clean sector (A_Y/A_Y*)), two commodities (polluting good (C_X and C_X*) and clean 

good (C_Y and C_Y*) commodities), two factors (labor (LAB and LAB*) and capital (CAP 

and CAP*)), household (H and H*) and rest of the world (ROW and ROW*).  

 

 

Table 2 Structural Parameters 

 North 

Parameter x  y    t  a  a         

Value 0.35 0.25 0.4 5 3 0.29 0.56 0.56 -2 0.58 

 South 

Parameter *
x  *

y  *  *
t  *

a  a* *  *  *  *  

Value 0.25 0.4 0.6 5 3 0.55 0.29 0.59 3 0.56 

 

 

The main features of the archetype economies are as follows. First, they are open economies 

and are dependent on each other. This is shown by assuming exports and imports and also 

Armington elasticities of substitution and elasticities of transformation being larger than 

unity. Second, households in the North have higher labor and capital incomes than households 

in the South. Third, the values of outputs of both sectors produced by the North are similar, 

whereas the values of the outputs produced by the South are different. The South receives 

higher revenues from producing the polluting good.  

 

Table 3 shows the effects of the introduction of the pollution tax in the economy of the North 

under different variations of the elasticities of substitution and transformation. In the 

benchmark case (σa=3, σt=5, σa
*=3, σt

*=5,) we find that the output of the polluting good (X 

good) in the North decreases and that in the South increases, whereas the output of the clean 

good (Y good) in the North decreases and that in the South increases. This is a natural 

outcome, since the introduction of the pollution tax on the X good in the North decreases unit 

revenue of the X producer as compared to that of the Y producer, which in turn affects their 

relative costs and hence brings further adjustments in the labor demand across sectors. 
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Table 3 Effects of the introduction of the pollution tax in the North (20%) 
 

Variable 

σa=3, 
σt=5, 
σa

*=3, 
σt

*=5 

σa=0, 
σt=1, 

σa
* =3, 

σt
*=5 

σa =0, 
σt =3, 
σa

*=3, 
σt

*=5 

σa=1, 
σt=0.1, 
σa

*=0, 
σt

*=0 

σa=1, 
σt=1, 
σa

*=3, 
σt

*=5 

σa=1, 
σt=5, 
σa

*=3, 
σt

*=5 

σa=3, 
σt=1, 
σa

*=3, 
σt

*=5 

σa=1, 
σt=1, 
σa

*=0 
σt

*=0 
Quantities 

X -2.82 -2.12 -2.4 5.46 -2.04 -2.69 -1.97 -2.03 
X* 0.92 -0.17 -0.2 4.63 0.82 0.49 1.62 0.82 
Y 2.82 2.12 2.41 -5.46 2.04 2.68 1.97 2.04 
Y* -1.84 0.34 0.39 -9.27 -1.63 -0.98 -3.24 -1.64 
Dx -2.82 -2.12 -2.4 5.46 -2.04 -2.69 -1.97 -2.03 
Dx* 0.92 -0.17 -0.2 4.63 0.82 0.49 1.62 0.82 
Lx -8.04 -6.06 -6.88 15.64 -5.83 -7.67 -5.63 -5.83 
Lx* 3.67 -0.69 0.79 18.53 3.26 1.95 6.48 3.26 
Ly 11.27 8.49 9.63 -21.9 8.16 10.74 7.89 8.16 
Ly* -4.58 0.87 0.98 -23.17 -4.08 -2.44 -8.1 -4.08 
Yd 9.79 4.79 5.43 0.21 7.55 8.18 9.79 7.55 
Xd* -5.96 1.13 1.28 4.63 -5.3 -3.17 -10.53 0.82 
Ye -1.84 0.35 0.39 -9.27 -1.63 -0.98 -3.24 -1.63 
Xe* 11.24 -2.12 -2.41 4.63 9.99 5.98 19.84 0.82 
QQ 1.2 -2.12 -2.41 5.23 1.4 -0.21 4.26 -1.22 
QQ* -1.84 0.35 0.39 -9.27 -1.63 -0.98 -3.24 -1.63 

Prices and Incomes 
PQ 54.04 3.2 0.28 307.5 53.67 33.16 94.68 56.3 
PQ* 43.12 -8.15 -9.24 217.75 38.35 22.94 76.13 38.35 
PD 45.45 -3.7 -7.56 312.52 47.52 24.77 89.15 47.5 
PD* 47.25 -8.93 -10.13 203.85 42.02 25.14 83.42 35.9 
I 55.24 1.08 -2.13 312.73 55.07 32.95 98.94 55.07 
I* 41.29 -7.8 -8.85 208.48 36.71 21.97 72.89 36.71 
Py 44.05 -6.37 -8.57 255.66 42.02 23.68 81.34 42.02 
Px* 48.63 -9.19 -10.42 245.55 43.24 25.87 85.85 43.24 
Pe 43.12 -8.15 -9.24 217.75 38.35 22.94 76.13 38.35 
Pe* 50.69 -9.57 -10.86 308.093 45.08 26.97 89.5 54.25 
w 35.61 -12.74 -15.8 272.082 35.9 15.62 75.42 35.9 
w* 45.88 -8.67 -9.83 231.649 40.8 24.41 80.99 40.8 
Py* 43.12 -8.15 -9.24 217.75 38.35 22.94 76.13 38.35 
Px 55.38 8.32 4.73 307.25 57.11 35.63 96.76 57.11 
Pwy 43.12 -8.15 -9.24 217.75 38.35 22.94 76.13 38.35 
Pwx 50.7 -9.58 -10.86 308.09 45.08 26.97 89.49 54.25 
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In particular, increase in the production costs of the X producer causes decrease in its demand 

for labor, as a result of which output of the X producer declines. As a result of the adjustments 

in the wage rate to clear the labor market, production costs of the Y producer decrease, which 

causes its demand for labor to increase and as a result of which its output to expand. As a 

result of these decrease and increase in the outputs of the polluting goods in the North and the 

South respectively, pollution level in the North decreases and in the South increases. 

 

In the South, vice versa, output of X* increases and output of Y* decreases. Our model 

assumes away labor movement across countries, thus contraction of the X sector and 

expansion of the Y sector in the North do not lead to the reallocation of activities across 

borders. In what follows we attempt to determine the main channels through which the 

pollution tax in the North affects the outputs of the X* and Y* sectors in the South.  

 

First of all it is necessary to differentiate between the producer and consumer prices for the 

good X in the North. The pollution tax is on production; hence producer price of the X good 

must be lower than that of the consumer price. Decrease in the supply of the output of sector 

X as a result of the pollution tax leads to the excess demand for it as a result of which 

consumer price for the good X increases. This leads to further adjustments in the relative 

prices of consumer price of X versus the price of imported X good from the South. The 

demand for imported X good from the South increases if the elasticity of substitution between 

imported and domestic polluting goods in the North is sufficiently large, and it decreases vice 

versa. Thus depending on the level of substitutability of the imported and domestic polluting 

goods in the North, imports of the polluting goods from the South might increase or increase. 

The benchmark analysis shows that the imports increase. 

 

Increase in the demand for the imported X good from the South brings further adjustments in 

the world price of the X good in equilibrium, which in turn affects the sales of the Southern 

good X domestically. If the exported and domestically produced goods in the South have high 

elasticity of transformation, or in other words are highly transformable, increase in the world 

price of X decreases the domestic sales of X good in the South. Whether it eventually 

increases or decreases also depends on the change in the output of X*. If output of X* 

increases then domestic sales of the X* good might increase, depending on whether the effect 

of the increase in the output of X* is higher than that of the corresponding relative prices on 
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domestic sales of the X*. These effects are due to the well known expansion and substitution 

effects due to Horridge et al. (2003).  

 

Increase in the world price of X brings further changes in the producer price of the good X* in 

the South. If it increases, output of X* is most likely to increase since increase in the world 

price of X might lead to the increase in the unit revenue of the X producer in the South. This 

is what we observe in the benchmark simulation case, in which output of X* increases. 

Increase in the unit revenue of the X* producer increases its labor demand and hence raises 

the economywide wage rate, which in turn leads to an increase in the labor costs of the Y* 

producer. As result, the demand of labor by Y* producer decreases and hence lowers its 

output. It shall be noted that imports of the Y good in the South decrease as well, which is 

brought by the respective adjustments in the relative prices and the composite demand for the 

Y* good4.  

 

In sum, it appears that in the benchmark case when the respective degrees of the 

transformability and substitutability between polluting and clean goods are high we find that 

the output of the polluting good in the North decreases, whereas that in the South increases. 

This further causes the output of the clean good in the North to increase and that of the South 

to decrease. As a result of these adjustments, the pollution level decreases in the North and 

increases in the South. Trade of clean goods from the North decreases and that of the 

polluting goods from the South increases. It turns out that the effect of the unilateral pollution 

tax on overall environmental quality is sensitive to the initial conditions on size and pollution 

intensity in both North and the South, which is in line with what has been stressed in the 

existing literature. In fact, the benchmark scenario in our analysis shows that if both countries 

had been contributing equally to the overall pollution in the world, the imposition of the 

pollution tax could have decreased the overall pollution. However if the South was polluting 

the most, introduction of the pollution tax might not be the efficient means of decreasing 

overall pollution.  

 

In addition to the analysis made, we conducted sensitivity analysis with respect to the 

different variations of the parameters and found that in most of the cases Armington elasticity 

of substitution between imported and domestic polluting goods in the North and the elasticity 

of transformation between the exported and domestic clean goods in the North play a decisive 

                                                
4 For detailed explanation of this effect see Horridge et al. (2003). 
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role in determining the trends of changes in the variables of interest. For instance, we find that 

when the Armington elasticity of substitution between the goods in the North is sufficiently 

low, output of the polluting good in the South decreases and vice versa. As a result of which 

the overall pollution in both countries unambiguously decreases. Whereas when the elasticity 

of transformation between the clean goods in the North is sufficiently low, outputs of the X 

sectors in the North and the South might increase, which unambiguously might increase the 

overall pollution in the world. These trends primarily occurs as a result of the different 

response of the economies due to the introduction of the pollution tax, which brings different 

adjustments in relative prices and different changes in the unit revenues by the X and Y 

producers in both countries.  

 

For instance, when the Armington elasticity of substitution is sufficiently low, world price of 

good X decreases, which leads to decrease in the unit revenues of X producers in both the 

North and the South. As a result, outputs from the polluting sectors in both countries contract, 

whereas outputs from the clean sectors in both countries increase. The opposite occurs when 

the elasticity of transformation is sufficiently low. In this case world price of X increases 

substantially as a result of which X sectors in both countries expand, whereas Y sectors 

contract.  

 

 

 4. Conclusions 

 

In this paper we highlighted the importance of the Armington-type assumption using the 

model that we developed. We found that the variation in the Armington elasticity of 

substitution between the polluting goods and the elasticity of transformation between the 

clean goods in the North play a role for sectoral allocations. This in turn has an impact on the 

amounts of pollution emitted by the producers of polluting goods in the North and the South 

and foreign trade across the countries.  

 

In general, we find that the results are quite intuitive and plausible. However, the reality is 

complex and it incorporates other effects not captured by this model. In reality there are more 

than two sectors, and there is a room for savings and investment etc. How would 

incorporating these features affect the results predicted by these models?  
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In addition, this model is also limited as it considers the introduction of the exogenous 

pollution tax only. It is crucial to examine the implications of the endogenous pollution tax 

and determine an optimal rate of pollution tax that maximizes overall welfare and minimizes 

overall pollution. Moreover, in light of the current discussion on policies that would combat 

climate change, it is crucial to examine the effects of the transfers from the North to the South 

in the effort to decrease the overall pollution in the globe. It is vital to examine the structural 

adjustments under assumptions that the transfers may generate spillovers which tend to: spur 

capital accumulation, bring knowledge spillovers, and hasten technological growth.  

 

 

 

References 

 

Antweiler, A., B. Copeland and M.S. Taylor (2001), “Is Free Trade Good for the 
Environment”, American Economic Review, Vol. 91, No. 4, September, pp.877-908 

 
Chichilnisky, G. (1994), “North-South Trade and the Global Environment”, American 

Economic Review, Vol. 84, No. 4, pp. 851-874. 
 
Copeland, B. R., and Taylor, M. S. (1994), “North-South Trade and the Environment”, 

Quarterly Journal of Economics, Vol. 109, Issue 3, pp. 755-787. 
 
Copeland, B. R., and Taylor, M. S. (2003), “Trade, Growth, and the Environment”, Journal of 

Economic Literature, Vol. 42, No. 1, pp. 7-71. 
 
Copeland, B. R., and Taylor, M. S. (2005), “Free Trade and Global Warming: A Trade 

Theory View of the Kyoto Protocol”, Journal of Environmental Economics and 
Management, Vol. 29, pp. 205-234. 

 
Emilson, C.D. Silva and Xie Zhu (2009), “Emissions Trading of Global and Local Pollutants, 

Pollution Havens and Free Riding”, Journal fo Environmental Economics and 
Management, Vol.58, pp. 169-182. 

 
Horridge, J. M., Parmenter, B. R., and Pearson, K. R. (2003). Using AnalyseGE to Examine 

an ORANI-G Tariff Cut Simulation. Centre of Policy Studies, Monash University. 
Australia. 

 
Taylor, M.S. (2005), “Unbundling the Pollution Haven Hypothesis”, University of Calgary, 

Department of Economics Discussion Paper 2005-15. 
 


