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Background
Environmental policy has seen a recent shift away from traditional command and control (C&C) type regulatory 
schemes to the use of more market-based mechanisms. This shift is due to a mix of technical and political 
reasons. On the technical side, industries that are subject to environmental regulations are becoming increasingly 
complex, and efficient C&C regulation oftentimes requires detailed information about the costs and capabilities 
of the regulated firms. On the political side, market-based regulation has enjoyed growing favor as the public has 
become increasingly disillusioned with overly burdensome C&C type regulation. Market-based solutions have 
also won support from industry incumbents, since oftentimes the costs of these regulations are shifted more to 
market entrants than to incumbents. Finally, environmentalist have also begun advocating market-based 
solutions, based on the fact that they can provide environmental protection more efficiently than C&C. Stavins 
(1998) discusses in further detail why C&C has historically been the favored regulatory mechanisms and how 
market-based solutions have recently gained favor. He also gives a broad overview of one of the most successful 
market-based emissions regulatory programs to date, the United States’s SO2 market. Betz and Sato (2006) 
describe the European Union’s Emissions Trading Scheme for CO2 and explain some lessons learned, while 
Tietenberg (2006) provides an overview of emissions trading.

Although a variety of different market-based mechanisms have been studied and implemented, this 
module focuses on two popular schemes: cap and trade and emissions taxes. Cap and trade is a market 
mechanism whereby the regulator creates tradeable permits that allow the holder to emit a certain amount of the 
regulated pollutant. The purpose of these permits is to create a property right that firms and other entities can 
trade among themselves in the free market. By fixing the number of permits available in the market, the 
regulator places a ‘cap’ on the amount of emissions. These permits are then allocated to the regulated entities 
who are free to trade the permits among themselves. It can be shown that if the market for bilateral trading is 
sufficiently competitive, then the outcome will be efficient regardless of how the permits are initially allocated, 
where an outcome is defined as efficient if the desired emissions reductions are achieved at minimal cost. 
Emissions taxes impose a direct cost on each unit of the pollutant released by the regulated entities. In this case, 
the tax provides a direct incentive to firms to reduce emission of the pollutant. It can be shown that if the tax rate 
is set properly, then the emissions tax will exactly duplicate the outcome of the cap and trade mechanism.

Technical Discussion
The basic problem that environmental regulations and policy attempt to overcome is that the cost of most 
environmental damage caused by human activities is borne by entities other than the one that created the 
damage. For example, the combustion of coal was a major source of SO2 emissions in the United States up to the 
1990s, when the Congress enacted amendments to the Clean Air Act establishing a cap and trade system for SO2. 
These regulations were needed because SO2 damage wildlife, physical property, and human health. For instance, 
the acid rain caused by excessive SO2 emissions can cause fish eggs to not hatch and kill adult fish, reducing fish 
stocks. Acid rain can also damage soil biology and chemistry, threatening plant life, and damage buildings. 
Moreover, particulates, which can be formed by SO2 can also cause respiratory and cardiovascular issues in 
humans. Despite these negative effects of SO2, coal-burning industries released socially undesirable amounts of 
SO2, necessitating the regulations. The reason for this is that these effects of SO2 are borne by entities other than 
the industries releasing the SO2. Even if the owner of the coal-burning industries incurs some cost associated 
with health effects or damage to a building, these private costs are significantly lower than the external costs of 
SO2 emissions borne by other members of society.

In-class discussion: After introducing SO2 emissions and the negative effects, lead a discussion 
of why the coal-burning industry released more SO2 than was socially desirable, absent 
emissions regulations?



The discussion should come to the point that it is an externality problem caused by the fact that 
the coal-burning industry incurs a small portion of the total cost to society of SO2 emissions, and 
as such doesn’t have the proper incentives to achieve the socially-desirable level of SO2.

This module will focus on three types of environmental regulations—C&C, cap and trade, and emissions taxes.
Command and control: C&C regulation has historically taken different forms, but the common theme to 

C&C regulation is that the regulator sets a rigid mandate that each regulated entity must meet. These regulations 
can take the form of a maximum per-firm emissions cap (e.g. each firm may only release x units of the criteria 
pollutant), a maximum emissions rate (e.g. each unit of output may only release x units of the criteria pollutant), 
a mandated emissions reduction (e.g. each firm must reduce its emissions of the criteria pollutant by x% or by y 
units), or can in some cases specify what emissions abatement measures the firms must take (e.g. each firm must 
implement a prescribed technology). Advantages of C&C regulation include its ease of use, in that no markets 
must be setup (in the case of cap and trade) or tax rates be determined (in the case of emissions taxes). Moreover, 
they are seen as being politically expedient, since politicians and regulators can point to a tangible regulation 
being put into place, with the cost of regulation largely shrouded. Disadvantages of C&C include its being a very 
blunt measure, which cannot typically take into account differences in the costs or capabilities of firms to 
implement emissions reductions, and the fact that some forms of C&C regulation can stifle innovation (e.g. if 
C&C regulation specifies that a certain technology must be implemented, firms will have no incentive to pursue 
research and development of another technology that may be more cost effective).

Cap and trade: Under cap and trade-style regulation the regulatory body sets a cap on the maximum 
amount of emissions allowable and issues permits or emissions allowances (EAs). These EAs allow the holder to 
emit a certain amount of the criteria pollutant, as specified by the terms of the permit. EAs will typically specify 
a certain window of time, during which they can be used, or may apply to emissions within a certain region. In 
some cases, however, EAs can be banked or even borrowed between time periods. The regulatory body then 
allocates these emissions among the regulated entities in some manner. For instance, the EAs could be auctioned 
off, grandfathered, allocated based on historical emissions patterns, or using some other scheme or combinations 
thereof. Regardless of the initial allocation method, cap and trade systems almost always rely on the ability of 
the regulated entities to trade EAs among themselves. In order to meet the regulatory mandate, each entity must 
hold a sufficient number of EAs to cover all emissions. Thus, depending on the relative cost of emissions 
abatement and EAs, the firms have the option of either undertaking measures to reduce emissions or purchasing 
a sufficient number of EAs to cover any planned emissions. In principle, and subject to some assumptions on the 
market, if the regulated entities have different abilities or costs to abate emissions, the outcome of the cap and 
trade system is that firms with lower abatement costs will opt to reduce emissions whereas firms with higher 
costs will opt to purchase EAs. Thus, a cap and trade system will yield an efficient outcome, subject to some 
restrictions on market power. Disadvantages of the system include greater complexity in developing and 
monitoring the market, complexity for the firms to familiarize themselves with the market, and some potential 
political backlash. Political issues can include the cost of emissions reductions being more transparent and 
potential philosophical opposition to ‘commoditizing’ the environment.

Emissions tax: An emissions tax is a direct fee levied on the release of the criteria pollutant. The purpose 
of the tax is to place a direct cost on the sources of the pollutants. Regulated entities that are faced with the tax 
have the option of abating emissions of the pollutant or paying the associated tax. If the regulated entities have 
different abatement costs, then any firm with an abatement cost greater than the tax will prefer to pay the tax, 
whereas others will prefer to abate emissions. If the tax is set properly, then the emissions tax should yield the 
same efficient outcome as a cap and trade system. Disadvantages of an emissions tax, however, is that the proper 
tax rate is generally difficult to achieve,1 and may require trial and error and adjustment of the tax rate. 
Moreover, emissions taxes also suffer from the cost of emissions abatement being more apparent, which can 
make them politically unpopular (in addition to general attitudes toward taxation).

1 Determining the optimal tax rate requires as much information as designing an optimally efficient C&C regulatory 
scheme. However, trial and error and iterative adjustment of the tax rate can likely yield a near-efficient result in the 
long-run. The one exception to this is if the actual external cost (i.e. the total social cost less the private incurred by the 
regulated entity) of the emission is easily quantifiable, in which case the tax rate should be set equal to the external cost.



In-class example: After introducing the three primary regulatory schemes, the following in-class 
activity can help students understand why C&C is generally inefficient and cap and trade and an 
emissions tax will be efficient. NB This example can also be given as an assignment.

1. Each student should choose a number between some lower and upper bound (e.g. a 
number between 200 and 1000), without telling anyone else the number chosen. This 
number represents each student’s emission abatement cost.

2. The students are all told that they each own a factory, each of which releases 1000 
tonnes of some pollutant (e.g. SO2) per year. This release of the pollutant is due to some 
manufacturing process that is part of the firm’s business, which the company has no 
intention of stopping, as sales of the product are quite profitable. The students are told 
that they can each eliminate their emissions, but that the cost of reducing these 
emissions are equal to the number they chose in step 1 (i.e. if student i chose a number 
Ci, then it will cost Ci to completely eliminate their emissions).

3. A regulatory body has decided that emissions of the pollutant are too high, and they 
would like to reduce emissions by y tonnes, where y is a multiple of 1000.

The example will use the following different regulatory mechanisms, which the students will 
participate in, and then they will be compared on the basis of efficiency. Students should be told 
their objective in the activity is to minimize their total incurred emissions abatement costs.

1. C&C regulation: In this scenario, the emissions reductions will be allocated to all of the 
firms on a prorated basis. Thus, if there are N students, each will be asked to reduce his 
or her emissions by y/N tonnes. Students compute how much cost they each incur based 
on the abatement cost chosen in step 1 above.

2. ‘Intelligent’ C&C regulation: In this scenario the regulator will attempt to allocate the 
emissions reductions more intelligently. Each student will be asked to report to the 
regulator (i.e. instructor) the cost of emissions abatement, although since there is no way 
for the regulator to verify these cost reports, the reports do not have to be truthful (the 
reports should be made in private, by writing them down on a slip of paper). The 
emissions reductions will be allocated based on the reported costs. That is, if we let Ci  
denote the cost reported by each student, then they will be sorted in increasing order and 
the first y/1000 students with the lowest reported costs will have to reduce all of their 
emissions. Students compute how much cost they each incur based on the abatement 
cost chosen in step 1 above.

3. Cap and trade auction: In this scenario the regulator creates N-y/1000 EAs. Each EA 
entitles a student to release 1000 tonnes of the pollutant. The EAs will be auctioned as 
follows: students can take turns entering bids for at most one of the EAs. The bid prices 
must be increasing. The auction ends when no one wishes the enter a higher bid. When 
the auction ends, the EAs are allocated to the students with the highest bids, each of 
whom must pay a price equal to the highest non-winning bid. After the auction is 
conducted, students without EAs should compute how much cost they each incur based 
on the abatement cost chosen in step 1 above.

4. Cap and trade allocation: In this scenario the regulator still creates N-y/1000 EAs, each 
of which entitles a student to release 1000 tonnes of the pollutant. The EAs will be 
allocated to the students at random (the instructor should randomly give them, keeping 
in mind that more than one EA can be given to a single student). The students can then 
trade among themselves bilaterally, by offering prices at which they would be willing to 
purchase a EA from another student with an EA. Once the bilateral trading is over (i.e. 
no students wish to trade), students without EAs should compute how much cost they 
each incur based on the abatement cost chosen in step 1 above.

5. Emissions tax: In this scenario the regulator will impose a tax on emissions of the 
pollutant. The tax rate should be set at the $1 more than the price for which the EAs sold 
in the auction under scenario 3 (that should be the price per 1000 tonnes of emissions). 
The students can then choose whether to reduce their emissions, avoiding the tax, or not 
reduce their emission, paying the tax. Students then compute how much cost they each 



incur based on the abatement cost chosen in step 1 above.
Students will participate in these five scenarios and the results of the exercise will be shared and 
discussed afterward.

Example: Suppose the group includes five students, who have chosen costs C1 = 400, C2 = 900, 
C3 = 1000, C4 = 200, and C5 = 450. Suppose the emissions reduction is 2000 tonnes. Note that 
the least-cost means of meeting the emissions reduction would be to have students 1 and 4 
reduce their emissions by 1000 tonnes each, resulting in a total abatement cost of $600. The 
outcomes of the five scenarios should be as follows:

1. C&C regulation: If the emissions reductions are allocated on a prorated basis to all of 
the students, then this will result in total emissions abatement cost of:

∑
i=1

N Ci

1000
⋅

y
N

which will amount to $1180.
2. ‘Intelligent’ C&C regulation: The students should recognize that they all have an 

incentive to overstate their cost, since the ones with the lowest cost reports will have the 
entire emissions reduction allocated to them. Thus, depending on what costs reports they 
submit, the resulting outcome could range anywhere between the efficient (if the 
students with the true lowest costs submit the lowest cost reports), in which case the 
abatement cost would be $600; or the least-efficient (if the students with the true highest 
costs submit the lowest cost reports), in which case the total cost would be $1900. If the 
cost reports are uncorrelated with the actual costs, then the expected cost of this 
regulatory scheme would be the same as scenario 1, which will amount to $1180.

3. Cap and trade auction: The auction should drive the bids up until the students with the 
highest costs are the winning bidders. Thus, the three highest bids for the EAs should be 
greater than $400 and the EAs should be won by students 2, 3, and 5 for a price of at 
least $400. The result of the auction is that students 2, 3, and 5 will continue releasing 
pollutants, whereas students 1 and 4 will prefer emissions abatement, since it costs less 
than the prevailing auction price. Thus the total abatement cost would be $600.

4. Cap and trade allocation: Depending on the initial allocation of EAs, the outcome of 
this scenario should match that of scenario 3 above. If students 1 or 4 are allocated any 
EAs, they should be able to trade them to one of student 2, 3, or 5, since they will have a 
high willingness to pay for the EA. Thus the total abatement cost would be $600.

5. Emissions tax: If the emissions tax is set based on the price of the auction in scenario 3, 
then the same outcome as under scenario 3 should result—students 1 and 4 will prefer 
reducing emissions, since the cost is less than the emissions tax, whereas the remaining 
students prefer paying the tax, since it costs less than emissions abatement. Thus the 
total abatement cost would still be $600.

Follow-on discussion:
1. How does the allocation of money differ between these scenarios 3, 4, and 5? In 

scenarios 3 and 5, the regulator collects all of the money from the sale of EAs and taxes, 
whereas in scenario 4 the regulated firms collect the money.

2. Why does ‘intelligent’ C&C regulation fail to improve upon C&C regulation? There is 
no incentive for the firms to truthfully reveal their abatement costs

We can now use optimization and duality theory to demonstrate the efficiency of the cap and trade and emissions 
tax systems. We will begin by examining the regulator’s cost-minimization problem, if it knows the abatement 
cost of each regulated entity. Suppose there are N regulated entities, that entity i releases Ei  units of the 
pollutant, and let c ix i  denote the cost to entity i of reducing its emissions by x i . Suppose the regulator 
wishes to reduce emissions by R. If the regulator has access to the cost information, then its optimization 
problem is given by:



min
x
∑
i=1

N

c ix i

s.t.   ∑
i=1

N

x i≥R

        x i≥0 ∀ i .
Assuming the cost functions, c ixi , are differentiable and convex, then the necessary and sufficient conditions 
for an optimum are:

c i ' x i≥ ∀ i
x i≥0 ∀ i
x ic i ' x i−=0 ∀ i

∑
i=1

N

x i≥R

≥0

∑
i=1

N

x i−R=0 .

These conditions show that the efficient solution is to choose the x i ’s in such a way that the marginal cost of 
abatement,  , for all of the entities is equal.

Under a cap and trade system, the regulator will create E-R, EAs and allocate them to the entities, where:

E=∑
i=1

N

Ei ,

is the total amount of the pollutant released before the system is implemented. Let q i
0  denote the number of EAs 

allocated to each entity. Assuming a perfectly competitive market for EAs, each entity will view the price of EAs 
as being fixed, which we denote as P. Each entity will then decide how many EAs to purchase or sell and how 
much to reduce its pollution to minimize costs:

min
x

c ix iP Ei−q i
0
−x i

s.t.   x i≥0 .
The necessary and sufficient conditions for an optimum are:

c i ' x i≥P
x i≥0
x ic i ' x i−P=0 .

Note that the optimal solution to the regulator’s problem will be the outcome of the cap and trade system. To see 
this, let 

∗  and x i
∗  denote an optimal to the regulator’s problem. Note that P=

∗  and x i
∗  also solve the 

necessary and sufficient conditions for the cap and trade system, which imply that the outcome will be identical.
Let’s finally consider an emissions tax system, under which the regulator sets a tax equal to T for each 

unit of emissions. In this case, each entity will decide how much to reduce its pollution to minimize costs:
min

x
c ix iT Ei−xi

s.t.   x i≥0 .
The necessary and sufficient conditions for an optimum are:

c i ' x i≥T
x i≥0
x ic i ' x i−T =0 .

Note that if the tax rate is set at T=
∗ , then we will again have the same outcome as under the cap and trade 

system and the regulator’s problem.
Note, however, that in order to implement an optimal emissions tax, the regulator must know the optimal 

value of 
∗ , meaning that this system is difficult to implement in practice. Cap and trade, by contrast, does not 



require this knowledge on the part of the regulator, since the optimal P will come about from the trading of EAs.
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