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Abstract 

The paper introduces one variant of cap-and-trade system of environmental policy and shows its effects on 
income distribution, structure of production and comparative advantage. The main result is that cap-and-trade 
leaves no scope to dispute the pollution haven hypothesis. A country may certainly make discretionary use of 
cap-and-trade parameters to improve its competitiveness in world trade. An expansion of the supply of permits 
may turn out to be a new trade policy, making a mockery of the objective of reversing climate change. This 
paper underscores the importance of free international trading in permits.  
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1. Introduction 

The current controversy related to the effectiveness of the cap-and-trade system of environmental policies in 
controlling pollution and global warming provides the motivation behind this paper. The concept of setting caps 
on pollution and then allowing the industries to trade pollution rights has lately become popular among 
environmentalists and governments. Thomas Crocker (Note 1), who first conceived the idea, is now skeptical of 
the cap-and-trade legislation that is working its way through United States Congress. Crocker’s skepticism is not 
without a foundation. A pollution tax seems a lot simpler to implement. But since pollution tax is related to the 
source of pollution, like a gasoline tax, Stavins (1998) argues that its purpose is primarily to raise revenue rather 
than reduce pollution. Europe’s experiment with cap-and-trade was not very encouraging in the beginning 
because the industries were granted more permits than they needed, resulting in an increase in emissions. 
Developing countries like India and China are of the view that cap-and-trade would curb the rate of economic 
growth. The refusal of India and China to go along with the carbon-dioxide limits proposed in the recent G-8 
meeting may turn out to be an argument against the cap and trade bill currently being considered by the Senate 

(Note 2). However, some developing countries are making long-term plans to implement the European model of 
cap-and-trade. The Indian government is setting up energy benchmarks for each industry sector and the 
companies exceeding the benchmark would have to buy energy certificates from those using less energy due to 
energy efficient practices (Note 3). It appears that the world is heading towards country-specific models of 
cap-and-trade to reduce emissions with no sign of an international agreement.  

The theoretical literature favors pollution tax and tradable permits and shows that a well-designed pollution tax 
may serve the same purpose as a permit system in controlling pollution (Crocker, 1966; Dales, 1968; 
Montgomery, 1972). These policies can be designed to minimize the cost of achieving a target of pollution 
abatement (Baumol and Oates, 1988) as well as to provide incentives for development of better pollution control 
technologies (Milliman and Prince, 1989). As Stavins (1998) mentions, currently most countries try to protect 
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the environment by command-and-control type regulations, requiring the firms to spend money on abatement, 
rather than depend on market oriented instruments like pollution tax or tradable permits. There is no uniformity 
in command-and-control policies across countries. If every country designs its own cap-and-trade model to 
regulate environmental damage without an international agreement to reverse climate change, then the question 
that should be asked is whether cap-and-trade would be any different from the currently followed environmental 
policies.  

While an efficient environmental policy is an important issue, the trade and environment literature has focused 
on a broader issue, namely the effect of an environmental policy on pattern of specialization and trade among 
nations. The main debate is related to the question whether a stricter environmental policy would change a 
country’s structure of production and comparative advantage and the pollution haven hypothesis (PHH) is at the 
center of this debate. According to this hypothesis, if U.S. follows a more stringent environmental policy to 
reduce pollution, some industries may become less competitive in the world market resulting in a decline in U.S. 
exports and some industries may even relocate to other countries where environmental policy is less stringent. 
There are theoretical arguments both for and against this hypothesis. Copeland and Taylor (1994, 1997) prove 
that higher pollution taxes can reduce a country’s comparative advantage in the polluting industry. However, 
Chua (2003) shows how higher environmental taxes may not affect a country’s comparative advantage in the 
dirty industry. Das and Das (2007), show that the PHH may not be valid in a model with command and control 
(CAC) programs of regulation (Note 4). Copeland and Taylor (1995), Rauscher (1997) and McAusland (2003) 
arrive at similar conclusions when pollution is a by-product of consumption rather than production of dirty goods. 
Moreover, the empirical evidence on the PHH is inconclusive (Tobey (1990), Liddle (2001), and Copeland and 
Taylor (2004)), since besides the environmental standards; other factors like factor endowments also influence 
the pattern of trade and specialization (Note 5). 

A pollution tax or command-and-control regulation on a polluting industry raises its costs. In a standard general 
equilibrium trade model, this leads to adjustments in the factor markets. For instance, a tax or a higher abatement 
norm raises the average cost of the polluting firms and the competitive mechanism works to reduce the real 
rewards of the factor intensively used in the polluting industry. For instance, the initial disadvantage created by 
the tax or the abatement norm for a capital intensive industry may be offset by a decrease in the real rental on 
capital. A developing country, planning to be a pollution haven, may reduce the pollution tax rate or do away 
with abatement requirements which would reduce the average cost of its polluting industry. If this industry is 
labor intensive, the factor market adjustments would raise the real wages, offsetting the initial advantage created 
for the country’s labor intensive export industry by a regressive environmental policy. This is precisely the issue 
discussed in McGuire (1982), Fullerton and Heutel (2006) and Das and Das (2007) and probably one of the 
reasons why the empirical literature testing the PHH has come up with inconclusive results. 

In models with a clean and a dirty industry, environmental policy would change the average cost of firms in the 
dirty industry and would have no initial impact on the clean industry before the adjustments in the factor market 
take place. However, the way cap-and-trade is supposed to work, trading in pollution permits would create a 
disadvantage for the dirty industry that would need to buy permits from the clean industry and an advantage for 
the clean industry that earns revenue from selling permits.  

The paper has also been motivated by the fact that the implications of permit trading for income distribution, 
production structure and comparative advantage have not been studied yet. The crucial issue is whether permit 
trading would lead to adjustments in the factor markets that would act as offsetting forces and whether the PHH 
is valid when the environmental policy is a cap-trade-system. The number of permits issued becomes a policy 
variable under the control of national governments. Can a country use this variable to create pollution havens? In 
an empirical study, Ederington and Minier (2003) show that when environmental regulation is endogenous, its 
effects on trade flows is significantly higher than previously reported, which supports our concern that permit 
supplies can be effectively used by countries as an instrument of trade policy. 

In the context of general equilibrium modeling of emission permits, Goulder et al (1999) have looked at 
cost-effectiveness of a wide range of environmental policy instruments including cap-and-trade in an economy 
producing one clean and one dirty good. In the same context, Fullerton and Metcalf (2001) have made an 
assessment of the magnitude of welfare gain or loss resulting from tradable permits, direct control on emissions, 
subsidies for non-polluting activities or mandated technology adoption in the presence of pre-existing 
distortionary taxes. Since these are one-factor models, none of these studies is equipped to address the standard 
trade theoretic issues related to the effect of emission trading on patterns of production or trade or factor income 
distribution.  
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The objective of this paper is to formulate a standard trade theoretic model with two factors and two goods, 
assuming that the clean good sector sells emission permits to the dirty good sector. The permits are costlessly 
allocated to both sectors, but the polluting sector does not get enough of these permits and purchases the balance 
of the requirement from the clean sector. Unlike in the models involving command-and-control type regulations 
(such as Das and Das, 2007, 2009) or pollution tax (Chua, 2003), the effects of pollution permits on income 
distribution, production structure and pattern of trade are unambiguous. A country may certainly become a 
pollution haven by increasing the number of permits issued or by reducing the polluting industry’s permit 
requirement. However, free international trading of permits would prohibit a country from using permit issue to 
manipulate comparative advantage, which underscores the need for an international agreement on the 
cap-and-trade system of environmental policy.  

The following section introduces one version of cap-and-trade in a two-sector general equilibrium model to 
discuss the effects of cap-and-trade parameters on income distribution, structure of production and comparative 
advantage. Section 3 demonstrates that cap-and-trade necessarily leaves scope of pollution haven, unless an 
international agreement fixes the cap-and-trade parameters uniformly for all countries and free international 
trade in emission permits is allowed. The paper is concluded in section 4. Technical details are available in the 
appendix. 

2. The Model 

2.1 Cap-and-Trade model in general equilibrium 

This section formulates a general equilibrium model in which a polluting industry purchases permits from a less 
polluting industry to satisfy the requirements of a cap-and-trade policy. There are two major cap-and-trade 
proposals. The first involves setting caps on total annual emissions on firms and then holding auctions where 
major emitters, such as utilities or refineries, buy credits for their emissions. Emitters with low emission intensity 
of production can sell any extra credits they may have purchased. The second is cap-and-trade with 
grandfathered credits. Under this system, the government sets a cap on total annual emissions and allocates 
emission credits for free to emitters based on their historical or expected emissions. The credits can be used by 
the owner or sold to other emitters. However, many of the current proposals are a hybrid, as pointed out by 
Durning et al (2009). We have assumed cap-and-trade with a grandfathering provision under which both the cap 
and the allocated permits are proportional to the currently produced output of the industry. The cap for the 
industry that is known for excessive emissions is set at a higher level than the cap on a relatively clean industry. 
The allocation principle works in the reverse direction which means that the permits allocated to polluting 
industry in proportion to output are smaller than those going to the clean industry.  

Let 1X  and 2X be the current levels of production in two industries whose pollution indexes are 1  and 2 , 
with 1 > 2 , indicating that the first industry is more pollution intensive than the second industry (where 

111 XR  and 222 XR ). The number of emission permits required, i.e. the cap, depends upon the 
pollution intensity and the level of production: 111 XR   and 222 XR  , where 1R  and 2R  are the 
numbers of permits required by the two industries. The permits are freely allocated in proportion to the current 
level of production: 111 XsR   and 222 XsR  , where 01 s  and 02 s are fixed proportions. The total 
number of permits granted, R  is fixed: RRR  21 . The total demand for permits is: 21 RRDP  . The 
permit demand function is derived from the profit maximizing behavior of the producers in the two industries. 
An increase in the price of permits, relative to the price of the second industry would raise the permit cost of the 
pollution intensive industry, which will produce less and therefore demand less permits. On the other hand, for 
any given permit price, an increase in the price of the pollution intensive industry relative to the price of the 
second industry would raise output of the pollution intensive industry, which would require more permits.  

The permit demand function is: ),( 221 PPPPGD RP  , where P1, P2 and PR are respectively the prices of the 
two goods and the permit price. All prices, including the factor prices that are uniquely determined by product 
prices, are measured by choosing the second good as the numéraire. Linearlizing the permit demand function 
around the equilibrium values, we get:     0,0,0,212  cbaPPcPPbaD RP . The permit market is in 
equilibrium when RDP  , where R is the supply of permits. The permit price in equilibrium 
is:   RPPPP e

R   212 ( 0/  ba , 0/1,0/  bbc  ). The permit costs are 111 )( XsPe
R   

and 222 )( XsPe
R   for the two industries respectively. While this is a positive cost for the first industry whose 

pollution intensity is high relative to the second industry, the permit cost for the second industry is negative and 
it represents the revenue it receives from sale of excess credits. It is assumed that 022  s  and 011  s , 
as the second industry is less polluting than the first industry and therefore it has more permits than needed. 
Since both the cap and the allocated permits are proportional to the current level of production, this system of 
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administering the permit system creates a divergence between the price the consumers pay for the goods 
produced and the price the producers receive. Let 1P  and 2P  be the prices paid by the consumers. Then the net 
prices received by the producers per unit of output sold are: 

)( 1111 sPPP e
R                                    (2.1) 

)( 2222  sPPP e
R                                 (2.2) 

For the polluting industry, )( 11 sPe
R  is the cost of permits per unit of output produced and sold and for the 

clean industry, )( 22 sPe
R is like a subsidy per unit of output sold, as this is what it is earned by selling permits. 

Since the total permit cost for the polluting industry is 111 )( XsPe
R   and the total revenue from permit sale by 

the clean industry is 222 )( XsPe
R  , these must be equal:  111 )( XsPe

R   222 )( XsP e
R  . Then (2.1) and 

(2.2) imply that 22112211 XPXPXPXP  . In figure 1, P represents given quantities of 1X  and 2X  
produced, line AB represents the value of these quantities at producer prices, and line CD represents their value 
at consumer prices. Then, AC is the cost of permits paid by the producers of the polluting good, measured in 
units of the polluting good, and BD is the revenue from permit sale, measured in units of the clean good, that 
accrues to the producers of the clean good. 

The rest of the model takes the form of the standard two-sector general equilibrium model with two good and 
two factors, labor and capital. The markets for goods and factors of production are assumed to be perfectly 
competitive and the factors are fully employed. Production of each good requires two factors of production, 
labor and capital, with the technology characterized by constant returns to scale. The emission permits are not 
inputs in production. They simply perform an enabling function; as production involves pollution, permits are 
required to produce and pollute. 

The profit functions of the two industries are: 

1111111 ),( rKwLKLFP                                (2.3) 

2222222 ),( rKwLKLFP                               (2.4) 

iL and iK  are respectively the labor and capital inputs employed in industry i, w  and r  are the wage rate 
and capital’s rental and ),( iiii KLFX  are the production functions (i = 1,2), assumed to be homogenous of 
degree one. Profits are maximized by equating the value of the marginal productivity of a factor with its price: 

wKLFP iiLii  ),(  and rKLFP iiiKi  ),( , which, by the homogeneity property of the production functions, 
would mean that in equilibrium, the industry profits Π1 = Π2 = 0. Applying the zero profit condition in (2.3) and 
(2.4) and dividing these equations by 1X  and 2X  respectively, 

111 PrCwC KL                                     (2.5) 

222 PrCwC KL                                    (2.6) 

The input output coefficients Cij (i = L, K; j = 1,2) represent the quantity of labor or capital used per unit of good 
j. Due to the assumption of constant returns to scale, the values of Cij are uniquely determined by rw / , as 
the firms minimize the factor cost of producing any given output. 

)(ijij CC  ; (i = L, K; j = 1,2)                            (2.7) 

With L and K representing the fixed supplies of labor and capital, the full employment conditions are expressed 
as, 

LXCXC LL  2211                                  (2.8) 

KXCXC KK  2211                                 (2.9) 

This completes the supply side of the model. Given the product prices, 1P  and 2P , and the cap-and-trade 
parameters in (2.1) and (2.2), equations (2.5) through (2.9) would uniquely determine outputs (X1 and X2), factor 
prices (w and r) and four input output coefficients Cij. Without the cap-and-trade provisions, jj PP  in (2.1) and 
(2.2) and the model reduces to the standard model. 

The demand side is modeled by a social utility function that exhibits a constant elasticity of substitution between 
the dirty and clean goods, along with , a shift parameter representing the society’s environmental awareness, 
which produces a bias in favor of the clean good. This creates the possibility of government’s environmental 
policy strengthening the consumers’ preference for the clean good. Let ),( 21 DDU be the social utility function, 
where 1D  and 2D represent the quantities of the polluting and clean goods demanded respectively. 

  )(),( 2121 DDDDU                            (2.10) 

( 0;10   ) 
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The elasticity of substitution,   011   D , is a constant. The demand functions are derived by 
maximizing (2.10) subject to the budget constraint: 2211 DPDPY  , where Y is income, and these are: 

ZYPD /][ )1/(1
1

)1/(
1

  and ZYPD /][ )1/(1
22

  , where )1/(
2

)1/(
1

)1/(    PPZ . The ratio between 

1D  and 2D  is 

  1

1

21
1

21  


 PPDD                                                      (2.11) 

 In the autarky equilibrium, 2121 // XXDD  , which is used in (2.11) to determine the equilibrium terms of 
trade in the closed economy.  

2.2 Permit trading and income distribution 

The producer prices in equations (2.5) and (2.6) would change whenever there is any change in the parameters of 
the cap-and-trade policy. These parameters are: number of permits issued ( R ), the cap on the polluting industry 
( 1 ) and the permit allocation parameters, 1s  and 2s . For the same of simplicity, we assume that the cap on the 
second industry is held constant. Let us suppose that the number of permits issued decreases, as the 
environmental policy becomes stricter. This would raise the equilibrium price of permits, raising the permit cost 
of the first industry and the revenue from the permit sale for the second industry, per unit of their respective 
outputs. The zero-profit equilibrium represented by equations (2.5) and (2.6) is disturbed which is corrected by 
subsequent adjustments in the factor markets. These adjustments would be to reduce average production cost in 
industry 1 and to increase it in industry 2, to restore the zero profit equilibrium. These adjustments are shown in 
figure 2, where it is assumed that the first industry is capital intensive relative to the second industry. 1AC  and 

2AC  are the factor price frontiers of the two industries when they are earning zero profits. Due to cost 
minimization the slope of 1AC  measures capital labor ratio in the first industry and the slope of 2AC  
measures the capital labor ratio in the second industry. This follows from equations (A.1) and (A.2) in the 
appendix where 0* jP , before any change in the cap-and-trade parameters. After the permit price goes up, 

1AC  shifts to the left, shown by *
1AC , and 2AC  shifts to the right and becomes *

2AC . The two rays drawn 
from the origin clearly show an increase in the wage rental ratio that results from the adjustments in the factor 
markets. Since the polluting industry is capital intensive, a decrease in its average production cost can be 
achieved by raising the price of its intensive factor relatively to the price of its unintensive factor. These changes 
in the factor prices are reinforced when the average production cost of the second industry, which is labor 
intensive, is raised to restore zero profit equilibrium. If the polluting industry is labor intensive, the factor price 
frontiers in figure 2 would be different. 2AC  is now steeper than 1AC and a positive shift 2AC  with a 
negative shift of 1AC  results in a decrease in the wage rental ratio. The important point of this diagram is that 
there is no ambiguity in the effect of cap-and-trade parameters on income distribution, while such ambiguity is 
the essence of the results in some studies on command- and- control type environmental regulation. Das and 
Das(2007) has a diagram, similar to figure 2, where the effect of a stricter environmental norm on income 
distribution may be indeterminate. In Das and Das (2009), it is assumed that the environmental policy is 
distribution neutral.  

The supply of permits is the only parameter that affects the factor price frontiers of both industries. An increase 
in the cap ( 1 ) on the polluting industry or a decrease in the of permit allocation ratio for the polluting industry 
( 1s ) would not affect the price of permits but would raise its permit cost, as the industry would have to purchase 
more permits. In this case only 1AC  shifts to the left but 2AC  does not shift. The effect on the wage rental 
ratio is the same, i.e., it increases if the polluting industry is capital intensive. If more permits are allocated to the 
clean industry (an increase in 2s ), it is able to sell more permits at a constant price. In this case 1AC  does not 
shift, but 2AC  shifts to the right, raising the wage rental ratio, provided that the polluting industry is capital 
intensive (Note6). Proposition 1 summarizes these results.  

Proposition 1 

A decrease in the supply of permits raises the price at which permits are traded. This would raise the permit cost 
per unit of output for the polluting industry and increase the revenue from permit sale per unit of output for the 
clean industry. The subsequent adjustments in the factor markets would raise the wage rental ratio, if the 
polluting industry is capital intensive and would reduce it if the polluting industry is labor intensive. The effect of 
an increase in the cap, a decrease in permit allocation ratio for the polluting industry or an increase in the 
permit allocation ratio for the clean industry on the wage rental ratio is qualitatively the same as that of a 
reduction of permit supply.  
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2.3 Permit trading and production structure 

The next step is to explore the effect of a change in the number of permits issued on the outputs produced by the 
two industries. An increase in the wage rental ratio results in a substitution of capital for labor in both industries. 
In figure 2, each industry shifts to a point on the upper part of the factor price frontier where the curve is steeper. 
Equations (A.5) and (A.6) in the appendix show that more capital and less labor is used per unit of output 
produced in each industry. The effect of this substitution on outputs, at constant terms of trade, is shown in 
figure 3, where the length of the Edgeworth box measures the supply of labor and its height measures the supply 
of capital in the economy. The rays drawn from the upper right hand corner of the box represent output of the 
first industry and those drawn from the lower left hand corner represent output of the second industry. 

Point P is the initial production equilibrium in a fully employed economy, with the lengths of PO and 
OP representing the outputs 1X  and 2X . The fact that P is below the diagonal of the box ( OO  ) indicates that 
the first industry is capital intensive. At constant terms of trade, a decrease in the number of permits raises the 
capital labor ratios in both industries and this change is shown in the diagram when the production equilibrium 
shifts to point Q, indicating that 1X  decreases (from PO to QO ) and 2X  increases (from OP to OQ ). 
The structure of production, that is represented by the ratio, 21 / XX , decreases. The formal proof of this result 
is in equation (A.9) in the appendix. The effect does not depend on which sector is capital intensive. If the 
polluting good is labor intensive, 2AC  curve in figure 2 will be steeper than 1AC curve. As the number of 
permits issued is reduced, 1AC  shifts to the left and 2AC  shifts to the right. But, in this case, the wage rental 
ratio will decrease, lowering the capital labor ratios in both industries. In figure 3, the production equilibrium 
points will now be above the diagonal and the rays drawn will show a decrease in 21 / XX  (Note 7).The effects 
of changes in the other cap-and-trade parameters on the structure of production are similar to the effect of a 
decrease in the supply of permits. A decrease in 1 or 1s , or an increase in 2s would also reduce 1X  relative 
to 2X . Though these effects are qualitatively the same as the effect of a change in the permit supply, their 
magnitudes would be somewhat smaller. The reason is that a change in any one of these parameters would shift 
only one of the factor price frontiers, not both, as in the case of a change in permit supply. Therefore, the amount 
of change in the wage rental ratio and resulting change in the capital labor ratios would be smaller. Proposition 2 
has the summary of these results. 

Proposition 2 

At constant terms of trade, a decrease in the supply of permits results in a decrease in the output of the polluting 
industry, relative to that of the clean industry, irrespective of whether the polluting industry is capital intensive 
or labor intensive. An increase in the cap, a decrease in the permit allocation ratio for the polluting industry or 
an increase in the permit allocation ratio for the clean industry would have a similar effect on the output ratio.  

2.4 Autarky equilibrium  

The firms in the two industries maximize profits by equating the value of the marginal productivity of a factor, 
taken at producers’ prices, with the market price of the factor. This implies that the marginal rate of 
transformation is equated with the producers’ price ratio. The point S in figure 4 is the autarky equilibrium point 
before cap-and-trade is in force, showing equality between the marginal rate of transformation and the 
consumers’ marginal rate of substitution (measured by the slope of the social indifference curve U1) between the 
two goods. The slope of line AB represents the equilibrium terms of trade. Before cap-and-trade, there is no 
difference between the producers’ price ratio and the consumers’ price ratio. The production point shifts from S 
to P after the introduction of cap-and-trade. Now the producers’ price ratio is the slope of the tangent drawn at P 
on the transformation curve, showing a decrease in the net price received the polluting industry and an increase 
in the net price received by the clean industry. An introduction of cap-and-trade results in an excess supply in the 
market for the clean good and an excess demand in the market for the polluting good. After the adjustments in 
the product markets, the new autarky equilibrium point is S*, where the consumers’ price ration is represented 
by the slope of CD, and the producers’ price ratio is represented by the slope of the transformation curve at S*. 
The tangent on the transformation curve at S* (not drawn) is steeper that line CD due to the fact that the clean 
good producers receive a price that is higher than what the consumers pay and the producers of the polluting 
good receive a lower price after paying for the permits. If a tangent is drawn at S* on the transformation curve, 
then the difference between the vertical intercept of the tangent and the vertical intercept of line CD would be the 
cost of permits, measured in terms of the polluting good. The difference in the horizontal intercepts of these lines 
would be the revenue from permit sale, measured in units of the clean good. However, in the process of product 
market adjustments, the relative consumer price of the clean good declines which is why CD is flatter than AB. 
So far as welfare is concerned, cap-and-trade lowers it from U1 to U2, unless there is an improvement in the 
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environmental awareness parameter (  ). The important point of this figure is that cap-and-trade raises the 
consumers’ price ratio in favor of the polluting good. If the country is capital abundant and the polluting good is 
capital intensive, cap-and-trade affects comparative advantage adversely. 

The autarky equilibrium point S* in figure 4 will change if the supply of permits or other cap-and-trade 
parameters are altered. A simpler way to look at the results of these changes would be to invoke the relationship 
between the demand ratio (D1/D2) and the terms of trade (P1/P2) is given by equation (2.11). An increase in P1/P2 
results in a lower D1/D2. On the other hand, an increase in P1/P2 raises (X1/X2)

 (Note 8), which is the normal 
relationship between relative price and relative supplies of the two goods. Figure 5 has the initial equilibrium in 
the economy with the demand curve D and the supply curve S.  

The introduction of Cap-and-trade shifts the supply curve to the left (S1), showing a decrease in X1/X2 at constant 
terms of trade. This has the effect of shifting the price ratio in favor the polluting good. A decrease in the number 
of permits issued would further reduce the relative supply of the polluting good (S2) and raise its relative price. 
The effect of a change in any one of the other cap-and-trade parameters, discussed in the preceding section 
would have a similar effect of the supply curve. It should however be mentioned that the effects of these supply 
shocks on the relative price of the polluting goods would be somewhat moderated, if there is a concurrent change 
in the pollution awareness parameter,  . An increase in pollution awareness would shift the demand curve D to 
the left, as less of the polluting good would be demanded at any terms of trade, which would moderate any 
increase in the relative price of the polluting goods due to a supply shock. The terms of trade in autarky 
represents comparative advantage and the neoclassical trade theory determines the pattern of trade between the 
two countries that are identical in every respect except relative factor endowments by comparing their autarky 
terms of trade. The following section deals with the possibility of a country raising the number of permits issued 
to reverse its comparative disadvantage in the polluting good, which is main concern of the pollution haven 
hypothesis. Proposition 3 is the summary of the results derived from figure 5. 

Proposition 3 

An introduction of cap-and-trade raises the relative price of the polluting good in a closed economy. A decrease 
in the supply of permits causes a further increase in the relative price of the polluting good. Such movements of 
the terms of trade in favor the polluting good may be moderated if the consumers become more averse to the 
polluting good by changing their preference in favor of the clean good. 

3. Cap-and-Trade and the Pollution Haven Hypothesis 

The model with the cap-and-trade provisions, developed in the paper, is the standard two-sector general 
equilibrium model used to discuss the Heckscher-Ohlin theorem. In the context of this model, let us assume that 
the Home Country (H) is relatively capital abundant and the Foreign Country (F) is labor abundant. They are 
identical in every other respect, i.e. they have the same technology for producing the polluting good or the clean 
good, identical cap-and-trade parameters and equal supply of permits.  

The Home country with a higher supply of capital relative to the supply of labor would have a lower price of the 
capital intensive good relative to that of the labor intensive good in pre-trade equilibrium. The relative cost of 
capital would be lower in the Home country and the relative wage rate would be higher. This would create a 
relative cost advantage in the capital intensive industry and a relative cost disadvantage in the labor intensive 
industry of the Home country. The Foreign Country would have a relative cost advantage in the labor intensive 
good and a relative cost disadvantage in the capital intensive good. The first term of equation (A.15) in the 
appendix captures the Heckscher-Ohlin effect and its sign depends on factor intensities. The rest of the terms in 
this equation are zero in the initial situation in which the two countries have identical cap-and-trade parameters 
and an identical social utility function with the same environmental awareness parameter,  . We now define 

21 / PPP   as the relative price of the pollution intensive good, and LKk /  as the ratio of the supply of 
capital to the supply of labor. If the polluting good is capital intensive, an increase in k would reduce P. Figure 6 
shows the relationship between k and P , which is the relative price of the polluting good. The line AB in this 
diagram relates factor endowment ratio with the relative price of the polluting good that is assumed to be capital 
intensive. The two countries, H and F would have the same line, i.e. AB due to the assumption that they have 
identical technology, preference and cap-and-trade parameters. Let the Home Country’s factor endowment ratio 
be kH and let the Foreign Country’s ratio be kF, kH > kF showing that H is capital abundant and F is labor 
abundant. The line AB then determines the autarky price ratios. The relative price the polluting good is Od in H 
and Oc in F, which proves the Heckscher-Ohlin theorem. H (capital abundant) will export the polluting goods 
which is capital intensive and F (labor abundant) will export the clean good. Now, if F increases the supply of 
permits, it will deviate from line AB. Let us suppose that now F deviates to line FF  , while H stays on line AB, 
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making the relative price of the polluting good (Oe) lower in F. This would change the pattern of specialization 
and trade and simply by raising the permit supply, a country may be able to convert a comparative disadvantage 
into an advantage. The results will qualitatively the same if H reduces the supply of permits in order to follow a 
more stringent environmental policy, while F does not change the permit supply. In this case, F stays on line AB, 
while H moves on a line to the right of line AB, resulting in an increase in the price of the polluting good. In 
either case, pollution haven is created in F.  

There are however two countervailing forces that may act against the creation of pollution haven due to 
discretionary application cap-and-trade policies. When F raises the supply of permits and deviates from line AB 
towards line FF  , the consumers’ environmental awareness in H may improve and therefore, it may also deviate 
from line AB to line HH  . In this case H is able to maintain its comparative advantage in the capital intensive 
good, because the relative price of its polluting good would be Of, which is still lower than its relative price in F 
(Oe), after F has increased the supply of permits. There is however no logical connections between the foreign 
country raising permit supply and the Home Country consumers becoming more environmentally conscious. 
Neither of the two countries would deviate from line AB, if permits are internationally traded and therefore its 
price is determined in the world permit market. If this two country model is generalized to a multi-country model, 
then one may visualize a situation in which there is free trade in permits with no country having the power to 
influence the world price of permits by issuing more permits. Such additional permits would simply create a 
temporary divergence between the domestic and foreign permit prices. Any addition to permit supply would leak 
out of the country, as the foreign producers would import the cheaper permits to equalize the permit prices. If the 
permit price in equilibrium is W

RP when there is free trade in permits, then equations (2.1) and (2.2) would 
change in the following way: 

)( 1111 sPPP W
R                                      (2.1a) 

)( 2222  sPPP W
R                                   (2.2a) 

Since the domestic supply of permits, R drops out of these equations, it also drops of the equation (A.15) which 
is the basis of the lines drawn in figure 5. The countries would still have the option to choose the values of other 
cap-and-trade parameters to create an advantage. However, as we have seen in section (2.4), it is the supply of 
permits that has a two-way effect on the costs. The other parameters affect average cost of only one of the two 
industries and are likely to have a much lower impact on relative price. Proposition 4 states the effects of 
cap-and-trade on comparative advantage. 

Proposition 4 

A country may certainly create a comparative cost advantage by increasing the supply of permits. Specifically, a 
labor abundant country, importing a capital intensive dirty good, may reduce the permit price by issuing more 
permits that would change its comparative cost advantage in favor of the dirty good. Thus, the supply of permits 
becomes a trade policy instrument, similar to tariff and effective in achieving the objective of import substitution. 
However, a free trade in permits would plug this loophole in cap-and-trade policy.  

4. Conclusion 

If there is ever an international agreement on climate change and global warming, it is difficult to predict what is 
going to be the action plan envisaged in the agreement. In spite of the initial failure of cap-and-trade system of 
pollution control in Europe, it is now regarded as a successful environmental policy instrument. Currently, there 
is tremendous pressure on United States as well as some large countries like India and China in the developing 
world to implement the European model. Most countries currently have either a command-and-control approach 
or emission taxes to address the environmental problems. The trade and environment literature shows that the 
effects of these policies on the structure of production, comparative advantage and trade are uncertain. The 
so-called pollution haven hypothesis has been disputed both in the theoretical and in the empirical studies. It has 
been shown that an emission tax or an environmental standard fixed by the regulator would have some 
unanticipated consequences in the factor markets, making its impact on production and trade indeterminate. The 
initial impact of an emission tax or a standard falls only on the polluting sector of the economy. In this paper we 
have shown that the initial impact of cap-and-trade is a two-way impact. Simultaneously, an advantage for the 
clean sector and a disadvantage for the polluting sector are created, which has no unanticipated consequences 
and which leaves no scope to dispute the pollution haven hypothesis. A country may certainly make 
discretionary use of cap-and-trade parameters to improve its competitiveness in world trade. Specifically, raising 
the supply of permits becomes a new trade policy. There is a danger that the cap-and -trade policy without an 
international agreement may result in a ‘permit war’ along the lines of ‘tariff war’. In a ‘permit war’, countries 
would raise the supply of permits to make permits cheaper for the polluting sectors, making a mockery of the 
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objective of reversing global warming and climate change. However, the absence of unanticipated consequences 
of cap-and-trade is an advantage for the global community, because this policy unambiguously results in a 
decrease in the output of the polluting sector and an increase in the output of the clean sector. What is required to 
sustain this advantage is an international agreement in which the caps and the permit allocation parameters are 
determined uniformly for all countries and free international permit trading is provided for. However, since this 
paper treats pollution as production externality, we have ignored the possibility that welfare may improve if an 
environmental policy controls pollution. In this case, the consumer demand shifts in favor of the goods produced 
by polluting industries that are subjected to cap-and-trade regulations, which may raise their prices. Such 
externality in consumption, which can be modeled by including pollution in the utility function, is likely to 
weaken the strong result that the cap-and-trade would inevitably cause pollution haven. 
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Notes 

Note 1. See Hilsenrath (2009) and Crocker (1966). 

Note 2. See Editorial: “Killing Cap & Trade” in The Washington Times, Friday, July 10, 2009. 

Note 3. See article in Reuters India, dated August 25, 2009. 

Note 4. Das and Das (2007) define CAC regulations or standards or emission caps as those policies that involve 
prescribed limitations on the allowable levels of emissions and the use of specified abatement techniques. 

Note 5. For an excellent survey of the literature see also Markandya (2005) and Levinson and Taylor (2004). 

Note 6. See equations (A.1), (A.2), (A.7) and (A.8) in the appendix. 

Note 7. For a formal proof, see equation (A.12) in the appendix. 

Note 8. See the text under equation (A.12) in the appendix. 

 

 

Figure 1. Permit trading 
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P represents given quantities of 1X  and 2X  produced, line AB represents the value of these quantities at 
producer prices, and line CD represents their value at consumer prices. Then, AC is the cost of permits paid by 
the producers of the polluting good, measured in units of the polluting good, and BD is the revenue from permit 
sale, measured in units of the clean good, that accrues to the producers of the clean good.  

 

 
Figure 2. Income distribution 

It is assumed that the first industry is capital intensive relative to the second industry. 1AC  and 2AC  are the 
factor price frontiers of the two industries when they are earning zero profits. Due to cost minimization the slope 
of 1AC  measures capital labor ratio in the first industry and the slope of 2AC  measures the capital labor ratio 
in the second industry. 

 

 
Figure 3. Structure of production 

The length of the Edgeworth box measures the supply of labor and its height measures the supply of capital in 
the economy. The rays drawn from the upper right hand corner of the box represent output of the first industry 
and those drawn from the lower left hand corner represent output of the second industry. 
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Figure 4. Autarky equilibrium 

Point S is the autarky equilibrium point before cap-and-trade is implemented, showing equality between the 
marginal rate of transformation and the consumers’ marginal rate of substitution (measured by the slope of the 
social indifference curve U1) between the two goods. The slope of line AB represents the equilibrium terms of 
trade. 

 

 
Figure 5. Autarky terms of trade 

Initial equilibrium in the economy with the demand curve D and the supply curve S. The introduction of 
Cap-and-trade shifts the supply curve to the left (S1), showing a decrease in X1/X2 at constant terms of trade. 
This has the effect of shifting the price ratio in favor the polluting good. A decrease in the number of permits 
issued would further reduce the relative supply of the polluting good (S2) and raise its relative price. 
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Figure 6. Pollution haven 

This figure illustrates the relationship between k (the ratio of the supply of capital to the supply of labor) 
and P ( the relative price of the pollution intensive good). 

 

Appendix 

Letting an asterisk denote the rate of change in a variable (X*=dX/X), the total differentiation of equations (2.5) 
and (2.6) yields the following equations (assuming that unit costs are minimized at given factor prices): 

*
111 ** Prw KL                                   (A.1) 

*
222 ** Prw KL                                  (A.2) 

Here, jLjLj PwC  /  and jKjKj PrC  /  are respectively of shares of labor and capital in total revenue, 

resulting in ,1 KjLj  (j=1, 2). For the clean industry, total revenue includes the income from sale of emission 

permits and for the polluting industry, the total revenue is the net revenue after subtracting the cost of permits.  

The determinant |θ| in the set of two equations in (A.1) and (A.2) is: 

)( 1221
21

1221 kkCC
PP

wr
LLKLKL 


   

Here, 1k  and 2k are respectively the capital/labor ratios in the two industries. Also, since the factor shares add 

to one, the result is: 2221 LKLL   . The sign of   is the same as the sign of ).( 12 kk   Factor 

price frontiers in figure 1 are derived from (A.1) and (A.2) after allowing 0* jP . Using the definitions of ij , 

we find:  

j
jL

jK
k

C

C

dr

dw  . 

The cost minimizing values of the input output coefficients are determined by minimizing KjLj rCwC  . Totally 

differentiating this expression at given factor prices:  
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0**  KjKjLjLj CC                                  (A.3) 

From the definition of the elasticity of substitution between labor and capital ( j ) the following equation is 

derived: 

*)*(** rwCC jKjLj                                 (A.4) 

Solving (A.3) and (A.4) and applying the properties of  , we obtain: 

)*(* rwC KjjLj                                      (A.5) 

)*(* rwC LjjKj                                     (A.6) 

Totally differentiating (2.1) and (2.2), 

)( *
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1 ssRPP                             (A.7) 
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Subtracting (A.2) from (A.1) and applying the properties of the determinant  , we get (A.7) and (A.8). 

 )()()(
1

*** *
22

*
113

*
113

*
32

*
111 sssRPrw 


               (A.9) 

A decrease in the number of permits issued ( 0* R ), at constant terms of trade, would raise the wage rental 

ratio ( 0*  ), provided that the first industry is capital intensive ( 0 ). This is shown in figure 1. (A.9) also 

shows that the wage rental ratio would increase if any one of the following parameters changes: pollution 

intensity increases ( 0*
1  ), the proportion of permits allocated to the polluting industry decreases ( 0*

1 s ), and 

the proportion of permits allocated to the clean industry increases ( 0*
2 s ). 

Totally differentiating the full employment equations in (2.8) and (2.9),  

)( *
22

*
11

**
22

*
11 LLLLLL CCLXX                             (A.10) 

)( *
22

*
11

**
22

*
11 KKKKKK CCKXX                            (A.11) 

Here, LXC jLjLj /  and KXC jKjKj / are respectively the proportion of labor force and endowment of 

capital used in industry j (j = 1,2). Therefore, 12121  KKLL  . The determinant of the system of two 
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equations above is written as  . Since input proportions add up to unity, 

)( 1221
21

2211 kkCC
LK

XX
LLLKKL   . Subtracting (A.11) from (A.10), using the properties of 

  and (A.5) through (A.9), 
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     (A.12)  

( 0222111  KLKLL  ) 

( 0222111  LKLKK  ) 

A positive relationship between 21 / XX and 21 / PP is the sufficient condition for a stable equilibrium. Since this 

would require that 0)( 11  , then it also follows, 01   in (A.7).  

With given factor endowments and commodity prices, a decrease in the number of permits issued ( 0* R ) 

would reduce 21 / XX , as the coefficient of *R in (A.12) is positive irrespective of factor intensities of the two 

sectors ( 0 ). Before the introduction of the cap-and-trade system, 111    and (A.12) shows a positive 

relationship between 21 / PP  and 21 / XX which is also independent of factor intensities. The effect of relative 

factor endowments on the structure of production is represented by the first term of (A.12) and this effect 

depends on factor intensities. If the polluting sector is capital intensive ( 0 ), then an increase in L/K would 

reduce 21 / XX . 

A logarithmic differentiation of equation (2.11) yields the following: 
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1 )(  DD PPDD                            (A.13) 

In autarky equilibrium, *
2

*
1

*
2

*
12121 // XXDDXXDD  . Therefore, from equations (A.12) and (A.13) 

it follows: 
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Here 0




 KL

S , represents the elasticity of substitution on the supply side. The left hand side of (A.14) 

may be simplified now because 0*
2 P , by choice of numéraire. Let 21 / PPP  be the relative price of the 

polluting good. Then it follows from (A.14): 
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The first term on the right hand side of (A.15) represents the Hechscher-Ohlin effect of relative factor 
endowment on terms of trade and the rest of the terms are related to the effect of different aspects of 
cap-and-trade on terms of trade. 


