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Abstract

1.  Introduction

The “Pollutee Pays Principle” means that polluters are granted the right to pollute and that pollutees must bear the associated costs.  Therefore, one can consider this as “no market intervention policy” or “no environmental policy”.  On the other hand, the “Polluter Pays Principle” (PPP) means that pollutees are entitled to pollution-free environment.  Therefore pollutees can sue the polluters for any damage and polluters must pay for both compensation and pollution control costs.  The PPP has become well accepted as the industrial development accelerated during the last half of the century.  This is because the nature and the environment, once considered as free goods, started becoming scarce.  Its popularity comes from the opinion that the polluting industries must pay the true price for their use of natural resources, as is the case when they use labor and capital (van der Straaten and Hafkamp, 1992).  In the European Union, environmental regulations follow the PPP in a sense that firms do not receive financial support in order to meet stricter environmental regulations (Marin, 1998).  

Huber and Wirl (1998) provide analysis on the pollutee pays vs. polluter pays principle under the assumption that both the principal and the agent have private information.  They study Coasian out-of-court settlement equilibrium; in the case of the pollutee pays principle, the pollutee offers compensation to the polluter to reduce pollution, and in the case of the PPP the polluter offers compensation to the victim.  One of their major findings is that granting the right to use resources to the polluter constrains the possibility of efficiency enhancing agreement, whereas granting the right to the pollutee does not.

As Baumol and Oates (1988) point out, however, in most of the major externalities problem out-of-court negotiation is impractical because they are large-number cases.  Therefore, we examine the federal system that follows the PPP without Coasian out-of-court settlement.  The model in this study assumes that power plans (the polluters) are liable for the environmental damages.  We assume that the polluters must pay certain amount of pollution tax per unit emission, imposed by the regulatory authority.  Given the liability, power plants’ objective is to choose the optimal amount of production of electricity and pollution control to maximize profit.   The federal system discussed in Nagase and Silva (2000) follows the pollutee pays principle.  In this study, we construct a federal system that is very similar to the one in our earlier paper; we analyze the interaction between the federal government, the regional/national governments, and the polluters through the pollution control decision-making mechanism characterized by decentralized leadership and information.  Our comparison between the results of this study and those from our earlier work shows that when the power plants are liable for pollution damages caused by acid rain, the domain of the principal’s policy tool (the price of electricity) for efficiency attainment is less limited.  As a result, the optimal allocation under full information (the “first-best” allocation) can be achieved even under asymmetric information.  Our results also show that the optimal level of emissions tax for the policy planner is that of the Pigouvian tax. 
2.  Federal Economy
Based upon M(ler (1991), we maintain the assumption of unobservable costs from our earlier study.  We assume that although the regulators can observe accounting cost of the polluter, only the polluter knows its true cost structure.  The power plant in region i produces qi units of electricity at a cost of C(qi, ei; ( i) = ( i(qi2 + ei2)/2.  We assume that both the regional governments and the central governments know that ( 1 = ( L with probability (, and ( 1 = ( H with probability (1( (), where ( H > ( L > 0.   For simplicity we assume that (2 = ( H.
  The cost function shows that it is costly for the power plant to exert itself to reduce the emission of acidic pollutants.  Throughout the paper we use superscript j = H, L to denote the technology type of the power plant in region 1.  

Along with the introduction of the polluter pays principle to the model, we introduce a new variable called “effort”, denoted as ei, to power plant's profit function in order to describe the power plant’s effort to reduce the emission.  This variable represents activities such as switching the fuel mix and improving the efficiency of its generator.

Power plants are the major emitters of one of the acidic pollutants, sulfur dioxide.  Let us xi j, j = H, L denote the level of sulfur dioxide emitted by region i.  For simplicity, we assume that xi j = qi j - ei j.  The amount of acid rain that precipitates in region 1, denoted as a1j, is again defined as 
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where 0 < ( < 1.  The amount of acid rain that precipitates in region 2 is defined as
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Therefore, we asuume that region 1 is the “upwind” region and region 2 the “downwind” region.  Region 1 is unaffected by the production of sulfur dioxide produced in region 2 and only a fraction ( of sulfur dioxide produced in region 1 causes acid rain in this region.  The remaining sulfur emitted from region 1 causes acid rain in region 2.  The fraction ( is determined exogenously according to weather and geographical conditions.  Let D denote the pollution damage function.  Following Hutton and Halkos (1995), for each region, we define D as a quadratic function:
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and 


[image: image4.wmf](

)

(

)

(

)

(

)

[

]

,

2

)

1

(

2

2

2

2

1

1

2

2

2

j

j

j

j

j

j

e

q

e

q

a

a

D

-

+

-

-

=

º

a



j = H, L.


The profit of region 1’s power plant is similar to the one in our earlier paper:
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(1a)

The last negative term on the right hand side shows that the power plant is liable for the emissions of pollutants in the upwind region, but not for the emissions it exports to the downwind region.  The profit of region 2’s power plant is:
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showing that the power plant is liable for its own emissions.  


Using the same representative individual’s utility functional approach in Nagase and Silva (2000) we define the ex-post wealth level in region 1 as:
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The parameter ( denotes the so-called social cost of taxation; following the existing literature we assume that it is costly for society to redistribute income from one group of agents to another.  And M1 denotes the endowment wealth level, or one can also regard this as “all other goods” in dollar term.  The upwind government is risk averse, hence it has a strictly concave and increasing utility function u(w1 j).  Similarly, the ex-post wealth level in the downwind region is
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and the downwind government’s utility given the state of nature j in the upwind region is u(w2 j).


Finally, the benevolent and utilitarian central government’s utility function is the sum of regional utilities:
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(2)


The structure of the three-stage game is the same as it is in Nagase and Silva (2000).  The upwind and downwind regional governments are responsible for the design of regional environmental policies to combat acid rain and the central government is in charge of an interregional income redistribution policy.  Both government levels, being equally informed (or uninformed) about the upwind power plant’s “technological type,” play the following three-stage game. In the first stage, the upwind regional government observes i.i.d. signals about its power plant’s type of technology: the power plant is low-cost type with probability ( and high-cost type with probability 1((.  Given the signals, the upwind regional government designs an incentive compatible mechanism to elicit information from its power plant regarding its type.  The incentive compatible contracts feature pairs of electricity prices, pollution taxes, and monetary transfers tailored to each type of power plant.  The downwind regional government controls the same set of policy instruments for its own region, taking the actions of the upwind regional government as given.  In the second stage, given the quantities chosen in the first stage, each power plant produces its profit maximizing levels of electricity and abatement effort.  In the third stage, the central government chooses the levels of the interregional transfers to be made from the “resource-rich” region to the “resource-poor” region, after observing the quantities chosen by power plants and regional governments.

The rest of the paper is organized as follows.  Section 3 characterizes the social optimum and the subgame perfect equilibrium for the decentralized leadership game under full information.  These two allocations will provide useful benchmarks for the following section.  Section 4 examines the social optimum and the subgame perfect equilibrium for the decentralized leadership game under asymmetric information.  Section 5 provides summaries and results.

3.  Symmetric Information

3-1 The Centralized Policy Game


The centralized policy game is a three-stage game in which the fully informed central government is in charge of both environmental and interregional redistribution policies.  The timing of the game is as follows.  In the first stage, the central government sets the regional electricity price, pollution tax, and transfer payment to the power plant.  In the second stage, given the electricity prices each power plant decides how much electricity to produce and how much abatement effort to make.  Finally, in the third stage, observing the choices made by power plants and the regional governments, the central government implements the interregional income transfer.  As was in Nagase and Silve (2000), we will refer to the allocation implied by the centralized policy game as the first best allocation.


Let us begin our analysis with stage three. In the state of nature j, the central government chooses(1j to maximize
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The first order conditions imply that 
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which is both necessary and sufficient for a unique global maximum.  In each state of nature the equalization of regional wealth levels defines the interregional income transfer as an implicit function of the regional electricity production and efforts chosen by the power plants.  Since the choices by the power plants depend on the levels of policy instruments to be set by the central government, this implies that the interregional income transfer is ultimately a function of electricity prices, pollution tax, and the transfer to the power plant.  Simple comparative statics can show that the implicit functions (3) provides the following partial derivatives:    


[image: image12.wmf](

)

(

)

(

)

(

)

(

)

[

]

,

1

2

1

2

1

1

1

1

1

1

j

j

j

j

j

j

j

j

a

D

a

D

f

p

q

S

p

¢

-

-

¢

+

-

+

¢

-

=

¶

¶

a

a

b

t


j = H, L,
(4a)


[image: image13.wmf],

2

1

1

1

q

t

=

¶

¶

j

j

t



j = H, L,



(4b)
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In stage 2, the power plant in region i, i = 1, 2, chooses {qi j, ei j} to maximize its profit.  The first order conditions for the upwind power plant imply that
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which imply
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Similarly, the first order conditions for the downwind power plant show that
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Equations (6a) and (7a) imply that the power plants’ abatement effort will decrease with the cost parameters.   The same equations also show that the polluters’ abatement effort will increase as the regulator raises the level of pollution tax.  As equations (6b) and (7b) show, the electricity supply curves have positive slopes and the slopes increase as the cost parameters become larger.  

The profit functions (6c) and (7c) show that the regional power plants will make nonnegative profits, unless the transfer payment is excessively negative.  


Now we can move on to stage 1.  In stage 1 the central government chooses {pi j, ti j, fij}, i = 1, 2, j = H, L, to maximize its welfare function (2) subject to (3) and (6a) - (7c) and the individual rationality (IR) constraints: (i j ( 0, i = 1, 2, j = H, L.  Let ( i j, i = 1, 2, j = H, L, be the Lagrangian coefficients for these constraints.  The IR constraints assure that profits must be nonnegative.  Assuming an interior solution, the first order conditions yield:
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Equation (8) shows that the shadow price of transferring money to the polluter is positive and is equal to its opportunity cost, the marginal expected benefit of money for society.  However, in fact the transfer is negative, since it is costly for society to give transfers to the power plant.   The government will always suppress the profit to be zero by using a negative transfer payment.  As a result, the last dollar of negative transfer is reducing the loss of welfare for society by the amount shown on the right hand side of the equation.

Further modification of the above equations can provide better insights to what they imply.  From (9a) and (9b), we can derive
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Similarly, (10a) and (10b) will give us
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First, let us interpret the above results.  Equations (11a) - (12b) show that the price of electricity is set to reflect the net marginal social benefit of electricity consumption, whereas the level of pollution tax reflects the marginal damage caused by an additional unit of emissions.  In particular, from (11b) and (12b) we find that the government chooses f to be a Pigouvian tax, equalizing the marginal benefit and the marginal damage of the last unit of emissions.  The multiplier 1 - ( in front of p reflects the fact that p is less than the net marginal social benefit of an additional unit of electricity, because by raising an additional dollar of revenue for the power plant the government can reduce the transfer payment to the polluter.  This will reduce the social cost of the transfer payment by ( dollar.  Similarly, The multiplier 1 - (  in front of f shows that the optimal level of f is less than the Pigouvian tax by the fraction ( because by raising an additional dollar of tax revenue from the polluters the government can reduce the market distortion caused by the transfer payment.  This is what is known to be a “double dividend” of environmental taxation.  

Next, we can compare our results shown above with the results in our earlier work.  In Nagase and Silva (2000), the objective function of the central government is S - C - D + (, very similar to what we have in this paper (S - ( t - C - D + (), and the regional policy tools are via controlling the price of electricity and the transfer payment to the power plant.  The Coase theorem implies that regardless of the assignment of the property right we obtain the same resource allocation.  However, we obtain different resource allocations, represented by different first order conditions.  What is driving this change is the introduction of the liability of environmental damage imposed upon the polluters, represented by the emissions tax f.  Without liability, the optimal price for the electricity in each region (see Nagase and Silva, 2000) can be shown as the marginal net benefit of electricity consumption, i.e., 
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With the introduction of the emissions tax f to the model, our result shows that the price of electricity only reflects the marginal consumer surplus.  This is because there exists a market for emissions whose price, f, reflects the marginal social cost of pollution.    

3-2 The Decentralized Leadership Game


This game is very similar to the previous game, except that in stage 1 the regional government instead of the central government is in charge of designing regional environmental policies.  Our main objective in this section is to show that interregional transfer payment will induce the regional government to implement the socially optimal environmental policies.


The second and the third stages of the game are identical to those in the centralized policy game.  Therefore we focus on stage 1.  In stage 1, given the state of nature j the upwind regional government chooses {p1 j, t1j, f1j} to maximize
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j = H, L,
(14a)

subject to (4a)-(4c), (6a)-(6b), and the IR constraints.  Similarly the downwind government chooses {p2 j, t2j, f2j} to maximize
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j = H, L,
(14b)

subject to (5a)-(5c), (7a)-(7b), and the IR constraints.  Assuming interior solution, the first order conditions that determine the Nash equilibrium price and emissions tax turn out to be identical to equations (9a), (9b), (10a), and (10b).  Therefore we obtain the same, remarkable proposition as we did in our earlier study.

Proposition 1:
Under symmetric information, the subgame perfect equilibrium for the decentralized leadership game corresponds to the first best allocation.

Again, this proposition implies that the central government does not need to possess environmental policy instruments in order to induce the upwind regional government to internalize the externality caused by its production of acidic pollutants.  In other words, we obtain Becker’s (1981) Rotten Kid Theorem in transboundary pollution control.  The relationship between proposition 1 and Rotten Kid Theorem is described in detail in, e.g., Becker (1981), Bergstrom (1989), Silva and Caplan (1997) and Cornes and Silva (1999).  Here we borrow Bergstrom’s (1989) explanation of the theorem.  Self-interested kids, a.k.a. “rotten kids”, who possess quasilinear preferences, internalize all externalities within their family whenever they anticipate that their benevolent parent, who views his kids’ utilities as normal goods, will redistribute his income after he observes his kids’ actions.  In game theoretical terms, the subgame perfect equilibrium for the “game rotten kids play” coincides with the benevolent parent’s most preferred allocation.  In our model, the rotten kids are the regional governments and the benevolent parent is the central government.

4.  Asymmetric Information


In this section, we assume that only the upwind power plant knows its ( j parameter and that the other agents perceive ( j as a random variable with a known probability distribution.  As is in section 2, we will analyze two games: the centralized policy game and the decentralized leadership game.  The structures of the games are the same as before, except that in stage 1 the player must elicit information from the upwind power plant regarding its cost type.  We call the allocation in the centralized policy game the “constrained social optimum” (it is constrained by informational asymmetry).  We compare the result of the decentralized leadership game with constrained social optimum and the first best allocation in order to understand the boundary imposed by asymmetric information in our federation.

4-1 Centralized Policy Game


Let us again start with the regime in which the central government controls all policy instruments.  We call the allocation in the centralized policy game the “constrained social optimum.”  Since stage 3 and stage 2 are the same as they are in section 2-1, we focus on stage 1.  In stage 1, the central government chooses {pi j, ti j, fi j}, i = 1, 2, j = H, L, that maximizes expected social welfare:
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(15)

where 
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subject to (4a) - (7c), and  individual rationality (IR) constraints: 
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(15c)
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(15d)

for which we assign ( i j, i = 1, 2, j = H, L, to be the Lagrangian coefficients.  In order to elicit information about the cost type from the upwind power plant, the central government also imposes the following incentive compatibility (IC) constraints: 
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(16b)

for which we assign ( i j, i = 1, 2, j = H, L, to be the Lagrangian coefficients.  The IC constraints (16a) - (16b) affirm that the low (high) cost type is no worse off with the contract tailored to itself than with the contract tailored to the high (low) cost type.  In other words, the IC constraints discourage the polluter from cheating on their cost-type.
 

The above constraints have some implications.  First, it is straightforward to see that the IR constraint (15b) and the IC constraint (16a) together imply that the IR constraint (15a) is always satisfied.  Second, the IC constraints imply that   
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Since ( H > ( L, it follows that t1 H ( t1 L and
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(16c)

Moreover, optimization with respect to t1L imply that
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(17a)

This means that the IC constraint for the low-cost type will always bind.  The first order condition with respect to t1H  is: 
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Together, (17a) and (17b) imply that 
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(17c)

Euation (17c) shows that the government will always suppress the high-cost type’s profit to be zero by using a negative transfer payment, until the marginal benefit of the last dollar of the transfer is equal to the marginal (expected) benefit of doing so for the federal system.  On the other hand, when the power plant turns out to be the low-cost type, the “incentive-compatible” allocation will guarantee a positive profit to the power plant.   Finally, From (16c), (17a), and (17c), one can easily show that when (16a) is satisfied, (16b) does not bind.  (See Laffont and Tirole (1994) for the derivation.)  To summarize, we have (1H  > 0, (1L = 0, (L > 0, (H = 0.  

Given the conditions described above, we are now ready to examine the optimal choice of the electricity price and the emissions tax.  The subgame-perfect Nash equilibrium for the upwind region is characterized by (17a) - (17b) and the following conditions:
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(18b)
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Let us call the allocation given by above equations “the constrained social optimum”.  First and most significantly, look at (18a) and (19a).  They are identical to (11a) and (11b), which means that regardless of other constraints the central government can achieve the first-best allocation when the power plant turns out to be the low-cost type.  Therefore, we obtain the following proposition:

Proposition 2.  When the power plant is the low-cost type, the first-best allocation is possible despite other binding informational constraints. 

Second, when the power plant turns out to be the high-cost type, equations (18b) and (19b) show that the resulting allocation deviates from the first-best allocation due to the informational constraints. 


We can find the direction of the price and emissions tax deviations from the first best allocation, when both IC constraints are binding.  Let {pi j*, ti j*, fi j*, qij*}, i = 1, 2 denote the first best allocation.  If we substitute p1L* and f1L* into (18a) and (19a), it is clear that the left-hand side of the two equations will be larger than the right hand side.  In order for (18a) and (19a) to hold, therefore, the resulting p1L and f1L must be larger than p1L* and f1L* (and/or the resulting q1L must be larger than q1L*, but for that we need p1L - f1L > p1L* - f1L*).  Similarly, from (18b) and (19b) we can infer that p1H < p1H* and f1H < f1H* (and/or q1H < q1H*). 


Finally, the optimal choice of electricity price and the emissions tax for the downwind region turn out to be those of the first-allocation.  This is because there are no informational constraints imposed upon the agents in the downwind region.  The only difference given informational asymmetry is that the shadow price of the transfer payment to the downwind power plant changes, reflecting the central government’s expectation of the cost type of the upwind power plant. 

4-2 The Decentralized Leadership Game


The only difference between the centralized policy game and this game is the first stage.  Therefore we focus on stage 1.  In this stage, the upwind regional government takes the actions of the downwind regional government as given and chooses {p1 j, t1 j, f1 j} to maximize expected regional welfare ( u(w1L(p1L, t1L, f1L)) + (1-() u(w1H(p1H, t1H, f1H)),
subject to (4a) - (4c), (6a) - (6c), (15b), and (16a).  Similarly, the downwind regional government takes the actions of the upwind regional government as given and chooses {p2 j, t2 j, f2 j} to maximize expected regional welfare ( u(w2L(p2L, t2L, f2L)) + (1-() u(w2H(p2H, t2H, f2H)),
subject to (5a) - (5c), (7a) - (7c), and (15c) - (15d).


How much would the optimal allocation deviate from that given by the central government in the previous game?  Let us begin with the upwind region.  The first order conditions with respect to electricity price and the emissions tax are (18a), (19a) and the following conditions:
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(20a) and (20b) are almost identical to (18b) and (19b), except that the Lagrangian multipliers are multiplied by 2 in each equation.  The first order conditions with respect to t1L and t1H are
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The above result shows that when the upwind power plant turns out to be the low-cost type, we obtain the Rotten Kid Theorem; the upwind regional government’s optimal choice of electricity price and the emissions tax is identical to the that of the constrained social optimum.  Moreover, this leads us to the following proposition:

Proposition 3.  When the power plant is a low-cost type, the first-best allocation is possible despite other binding informational constraints and decentralized leadership.

However, (20a) - (20b) show that when the IC constraints both bind, the allocation deviates from the constrained social optimum.  The direction of the deviation of {p1 j, f1 j, q1j} from the first best allocation is the same as it is under the constrained social optimum, except the deviation is larger under the decentralized leadership game.

5.  Conclusion

The polluter pays versus the pollutee pays principle is of interest for many policy makers and environmental economist, in view of efficiency as well as ethics.  In the European Union, environmental regulations follow the polluter pays principle (PPP) in the sense that firms do not receive financial support in order to meet stricter environmental regulations.  In this study, we focus on this aspect of the EU environmental policies.  We assume that each power plant is liable for damages caused by its acidic pollutants, and therefore must pay an emissions tax.  


Our results indicate that under the PPP, there is a possibility that even when a polluter has private information about its production technology, the regional environmental policy planner may obtain the first best allocation.  Our results also show that when the polluter turns out to be the high-cost type, because of the informational constraint imposed upon the policy planner the allocation will deviate from the first best allocation.  And the allocation deviates further when the regional government is the regional policy planner.  This implies that it does make a difference as to whether it is the central policy planner or the regional policy planner that designs the regional environmental policy. In the real world, we can find the relationship between the regional/national governments and the central authority that is similar to that of our model.  One is that of the European Union.  Another application would be the relationship between the state governments and the Environmental Protection Agency of the United States.  In the former example, historically the environmental policy making for the EU seems to have been decentralized.  While in the latter example, the EPA has been leading the environmental policy making for the entire states.  Our results show that when both types (central and regional) of government are equally uninformed about the regional polluter’s cost structure, the central government is in a better position to be in charge of regional environmental policy making.  Finally, we find that the government chooses the emissions tax to be a Pigouvian tax, equalizing the marginal benefit and the marginal damage of the last unit of emissions.  However, the optimal level of the emissions tax is less than the Pigouvian tax by the fraction that represents the social cost of transferring money from the society to the polluter, reflecting the fact that by raising an additional dollar of tax revenue from the polluters the government can reduce the distortion caused by the transfer payment.         
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� The model with asymmetric information between the regulators and both regions will give us the same results; it merely makes the analysis more cumbersome.
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