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SOLUTION PROPOSAL 

 

Problem 1. Flow pollution (20 points) 

Consider a simple static model with flow pollution. Emissions are given by E. Environmental damages 

(in $) are given by an increasing and convex function of emissions, 𝐷(𝐸). Without any pollution 

control, total emissions are given by 𝐸 = 𝐸0.  Abatement is denoted by R. Abatement costs (in $) are 

given by an increasing and convex function of abatement 𝐶(𝑅). Total abatement is given by  𝑅 = 𝐸0 −

𝐸. Total welfare costs are given by the sum of environmental damages and abatement costs.  

a)  (10 points – words and figure) 

Illustrate marginal environmental damages and marginal abatement costs in a diagram with 

emissions measured along the x-axis. Explain how the optimal level of pollution 𝐸∗ is determined.  

Solution key: 

The optimal level of pollution is discussed in Smith, S. (2011), chapter 2.  

The students are expected to explain what marginal abatement costs (MAC) and marginal 

environmental damages (MED) measure, and what it means that we assume that  

(i) damages are given by an increasing and convex function of emissions 

(ii) abatement costs are given by an increasing and convex function of abatement 

The optimal level of pollution is determined by the emission level that equalizes MAC to MED. The 

students are expected to explain that MAC=MED maximizes the net benefit to society. 

Relevant lecture slides: 

 

                            

            

        
             
            

         

         

  

        
              

     

                                       
                                     
                          

                                        
                          

                                    
         
                                    
                                

  

  



 

 

 

b) (10 points - words) 

Assume that an environmental regulatory authority wants to reduce the level of pollution to 𝐸∗. 

Give examples of policy instruments to reduce the level of pollution and explain the difference 

between command-and-control policies and emissions pricing (incentive-based) policies. What are 

their relative advantages? 

 

Solution key: 

Command-and-control is a type of environmental regulation that allows policy makers to 
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specifically regulate both the amount and the process of abatement. Examples are prohibition, 

technology standards, and performance-based standards. 

 

Emissions pricing policies influence behavioral change through altering prices in the market. 

Examples are taxes and tradeable emission permits.  

 

For a given emission reduction, a policy is cost-effective if it achieves this reduction at least cost.  

Command-and-control policies are seldom cost-effective, meaning that we can find alternative and 

less expensive ways to obtain the same environmental goal.  

An equal emission price across firms minimizes total abatement costs for a given emission reduction.  

If the regulated pollutant is of high risk or extremely toxic, command-and-control policies may be 

more accurate, as they give immediate results and a certain reduction (assuming perfect compliance).  

 

Problem 2. Cap-and-trade (20 points) 

Consider an industry consisting of two polluting firms 𝑖 = 𝐴 𝐵 with different abatement technologies. 

In absence of any pollution control, the two firms emit �̅� emission units in total.  

The regulator wishes to reduce industry emissions down to a total of 𝐸∗ emission units and 

implements a quota system with  𝐸∗ permits. Each permit gives the right to emit 1 emission unit. The 

regulator grandfathers an equal number of permits to each firm.  

Figure 1 illustrates the market for emission permits. 𝑅𝐴 and 𝑅𝐵 are the emission abatement of firm 𝐴 

and firm 𝐵, respectively. 𝑀𝐴𝐶𝐴 and 𝑀𝐴𝐶𝐵 are the marginal cost of abatement for firm 𝐴 and firm 𝐵, 

respectively. The width of the diagram corresponds to the abatement required to limit emissions to 𝐸∗.  

The stippled line indicates the allocation of abatement corresponding to a 50-50 initial split of permits.  

Figure 1: The market for emission permits 

 



Assume that the two firms are allowed to trade permits.  

a)  (10 points – words and figure) 

Reproduce Figure 1 and indicate the equilibrium allocation of permits as well as the 

equilibrium price. Explain the pattern of trade in permits from the initial split to equilibrium. 

Solution key: 

The market for emission permits is discussed in CORE unit 20.5 and Smith (2011) chapter 3. Firm B 

will buy permits from firm A, until marginal abatement costs are equalized between the two firms.  

 

Relevant lecture slides: 

 

 

 

b)  (10 points – words and figure) 

Reproduce Figure 1 and illustrate the gains from trade created by the market for 

permits. Explain why a cap-and-trade system yields a cost-effective allocation of abatement 

across firms.  

Solution key: 

The students should explain that the equilibrium allocation after trading minimizes total abatement 

costs.  

 

Relevant lecture slides: 

                       
                 

                         
                           
                                 
     

                                 
                                
                           

                              
                             
                         

           



  

The shaded triangle also illustrates the efficiency loss associated with a 50-50 initial split of permits. 

Only the equilibrium allocation after trading yields a zero efficiency loss, where total abatement costs 

are minimized.  

 

Problem 3. Climate change policy (40 points) 

Consider a country with a new green government that is eager to implement policies to mitigate 

climate change. However, before they make any policy decisions, they have asked for expert advice 

from an environmental economist. 

 

a)  (10 points - words) 

Explain what the “social cost of carbon” is and discuss why estimates of the social cost of 

carbon have a wide range. 

 

Solution key: 

The “social cost of carbon” is discussed in Smith (2011) chapter 5.  

The social cost of carbon is the damage caused by one more tonne of carbon emitted into the 

atmosphere at a particular point in time, expressed as a monetary value. The social cost of carbon can 

be calculated for emissions now, or at some future date. Typically, the social cost of future emissions 

will be higher than of emissions now because damage is caused by the accumulation of emissions in 

the atmosphere.  

Estimates of the social cost of carbon for current emissions have a wide range. The reasons that 

underlie these diverse results for the social cost of carbon reflect important differences in approach and 

judgment. One thing they reflect is the inherent uncertainty in global warming policy: we do not know 

enough about the science to eliminate imprecision about the risks and scale of various effects.  

The estimates also vary because there are some crucial ethical choices that have to be made in 

formulating policies towards global climate change. These include how effects on rich and poor are 

weighed up in the calculation, and how the interests of future generations are represented.  

  

b)  (10 points - words) 

Explain why we discount future costs and benefits, and the implications of the choice of 

discount rate when determining the social cost of carbon. 

                  

                          
                    
                         
        

                         
                      
                       
                           
                       
                           
           

           



 

Solution key: 

 

There is a time delay between emissions today and the damage they cause in the future (climate 

change is a stock problem). To compare current mitigation costs with future benefits in terms of 

reduced environmental damage, we discount future benefits.  

 

Discounting future benefits means valuing each $ of benefits experienced in some future year at a 

lower value than the equivalent benefits experienced in the current period.  

 

Reasons for discounting future benefits include expected future productivity increases, and the risk of 

extinction of the human species.  

A higher discount rate implies that we put less weight on future benefits. Since the consequences of 

climate change have a very long time horizon, the present value of future benefits of current mitigation 

costs will be very sensitive to changes in the discount rate.  

 

c)  (10 points - words) 

Explain what “carbon leakage” means and discuss potential measures to mitigate carbon 

leakage in industry markets. 

 

Solution key: 

 

Carbon leakage is discussed in Böhringer et al. (2022): 

 

When carbon emissions are priced unilaterally, the global environmental impact will be undermined to 

the extent that international markets transmit spillover effects that increase emissions in other 

countries. Dubbed ‘carbon leakage’, these effects occur primarily via two channels. The fossil fuel 

market channel transmits leakage when emissions regulations in open economies reduce the demand 

for fossil fuels, which causes global fossil fuel prices to fall and thus stimulates demand for fossil fuels 

in unregulated regions. Leakage through the competitiveness channel occurs when unilaterally 

regulated carbon-intensive businesses reduce production because of higher operating costs, while 

production by less regulated manufactures abroad increases.  

In class, we discussed two potential measures to mitigate carbon leakage in industry markets: output-

based allocation of emission permits (OBA), and border carbon adjustments (BCA).  

Relevant lecture slides:  



 

                      

                             

                                                     

                              

                                                         

                                        

                                                

         

                                                                   

                

                                                                   

                                                             

                       

                                               

                                 

                                                         

                

                                                                              

                                                                       

                

                                                                         

                      

                                                          

                                                         

                                       



 
 

d)  (10 points - words) 

Explain how supply-side climate policies can supplement demand-side climate policies in 

restricting carbon emissions caused by fossil fuel combustion. 

 

Solution key: 

 

Supply-side climate policies are discussed in Asheim et al. (2019): 

 

To restrict carbon emissions caused by fossil   fuel combustion, one   must   regulate fossil fuel 

demand or supply, or both.  Supply-side   policies   regulate   exploration   and extraction of fossil 

fuels, whereas demand-side policies regulate the combustion of fossil fuels.  In the Paris agreement - a 

demand-side   treaty - each   country   regulates combustion of fossil fuels by restricting emissions 

within its own borders. 

 

Complementing the Paris agreement with a supply-side treaty need not be very costly. First, if fossil 

fuel production is reduced through cost-efficient policy instruments, the resources with the highest 

social costs of extraction will remain in the ground, limiting the profits forgone by not extracting these 

resources. 

  

Second, the costs of participating in a supply-side treaty depends crucially on whether demand-side 

policies will turn out to be effective or not.  

 

In class, we discussed two scenarios: 

 

Scenario 1: Actors in the market believe in the success of the Paris agreement, and it succeeds. 

Scenario 2: Many actors doubt that Paris will succeed, and it doesn’t succeed.  

                       

                                        

                                         

                                                                                   

                                        

                                                   

                                                       

                                       

                                                                

                                                                       

                                                                     

                                                 

                                       



 
 

Problem 4. The environmental Kuznets curve (20 points)  

 

In this exercise you will be explaining concepts related to the so called Environmental Kuznets Curve 

(EKC). The curve is a hypothesized relationship between various indicators of environmental 

degradation and per capita income. See Figure 2 for an illustration. 

 

Figure 2: The Environmental Kuznets Curve  

 

 
 

(a) (10 points - words) 

Discuss different mechanisms that might explain why we may have this inverted-U-shaped 

relationship between environmental degradation and per capita income. 

 

Solution key: 

 

Mechanisms that may explain the EKC is discussed in Dinda (2004). 

 

                              

       

                                                                         

                                     

                                                                             

       

                                                           

                                                        

                                                               

                                         

                         

                                           

                                       



 

 

                                  

                                                   
         

                                                                    
                   

                                                                  
                              

                                                            
                 

                                                      

                                                  
                       

           

                                     
      

                            

                  
                    
               

                                      
                                                                    
                                                             

                                                                
                                     

                                                                      

           



 

 
 

(b) (10 points - words) 

On the y-axis in Figure 2 we measure the level of “environmental degradation”.  Discuss the empirical 

relationship between per capita income and different indicators of environmental degradation. For 

which indicators of environmental degradation is the Environmental Kuznets Curve hypothesis more 

likely to hold? 

 

Solution key: 

Empirical evidence for the EKC is discussed in Dinda (2004). The students are expected to discuss the 

free rider problem in relation to global pollution.  

 

 

         

                                                     
                                

                         
                           

                                           

                          
                                                                   
              

           

                  

                                                
                                                                 
                                                             
          

                                                                         

                                                                            

                                                                  
                                                                             
                                

           



 

 
 

 

 

 

                      

                                                    

                    

                                

                   

                   

                                                                         
                                                                              
                                                                                  
                                 

            

                            

                                                      

                       

                     

               

                            

                                                           

          

             

            


