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Today’s Agenda

1. Questions?
2. Theory of environmental policy

– Damage functions and abatement costs
– Property rights and Coase
– Environmental policy instruments

3. For next class. . .

2 / 35



Environmental policy

◦ Environmental policy seeks to limit the effects of human activity on the
environment

◦ Economists seek efficient solutions to manage pollution
– Efficient solutions set optimal pollution levels where marginal benefits of pollution

abatement equal marginal costs
– Need to know the benefits of pollution abatement (in dollars).
– We can think of (the negative of) these benefits as pollution damages

◦ For now, we’re assuming:
– Full information
– Pollution and output are separable
– Flow pollutants (like air pollution); not stock pollutants (like GHG emissions)
– Fully competitive output markets
– No geographic/temporal dimensions
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Damage functions and abatement costs

◦ Polluting firms, indexed by j = 1, ..., J
– Firms produce emissions ej =⇒ total emissions: E =

∑J
j=1 ej

– Pollution is “well-mixed” and affects all households equally

◦ Households (i) have utility: Ui (yi ,E ) = yi − Di (E )

– yi is income
– Di (E ) is the dollar value of lost utility from aggregate emissions
– Assume Di is increasing and weakly convex, i.e., D ′

i > 0,D ′′
i ≥ 0

◦ Total damages are given by: D(E ) =
∑I

i=1 Di (E )
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Damage functions in practice
1666 THE AMERICAN ECONOMIC REVIEW august 2011

of abatement would increase slightly, but GED would fall substantially (Muller and 
Mendelsohn 2009). An efficient regulatory program that equated marginal dam-
age to marginal cost would lower GED to less than 20 percent of current levels.12 
Additionally, the higher abatement costs would probably be partially offset by higher 
prices for electricity from these plants. Thus, for coal-fired power plants, the current 
GED/VA ratio of 2.2 stems primarily from inefficiently high levels of emissions, as 
well as electricity prices that do not reflect social costs.

A second explanation concerning why some of these industries have high GED/
VA ratios is that the VA as measured in the current national accounts may not accu-
rately capture the value of their services. Solid waste combustion facilities, sewage 
treatment plants, and marinas all provide valuable nonmarket services that are not 
correctly measured by prices in the national accounts. The national accounts measure 
the value of these nonmarket services by the cost of production such as sewage fees, 
tipping fees, and landing costs. However, if the value of these services exceeds the 
fees, the VA would be undervalued. It is clearly beyond the scope of this study to 
provide adequate measures of the nonmarket services for these sectors, although a 
complete set of environmental accounts would include them. It is important to note, 
however, that the external costs should be included in the decisions about the proper 
level of nonmarket services, just as they should be for market services. For example, 
suppose that the output of sewage treatment plants were set to balance marginal costs 
with marginal benefits. If the marginal costs exclude the external costs, then the output 
level of sewage treatment would be inefficiently high in just the way that those of coal-
fired electric power generators are excessively high as described in the last paragraph.

There are several other industries with relatively high GED/VA ratios. Water 
transportation and steam heat and air conditioning suppliers have GED/VA ratios 
close to one. The GED/VA ratios of sugarcane mills, and manufacturers of carbon 
black (a dye used in tire manufacturing) are 70 percent, livestock producers are 

12 Note that the results reported in Muller and Mendelsohn (2009) employ a $2 million VSL. With the $6 million 
VSL used in this study, the reduction in GED from an efficient cap is approximately equal to $30 billion.

Figure 4. Calculated Marginal Damages from SO2 and the Market Price of SO2 Permits by County
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weakly increases with the length of the time window, which suggests that our results 
are not driven by short-term mortality displacement. The increase in the effect of a 
1-day shock appears to level off after about 14 days, suggesting that the effects of 
acute exposure do not cause additional deaths beyond this point.

IV estimates are generally interpreted as a local average treatment effect (LATE). 
This interpretation requires imposing a monotonicity assumption (Imbens and 
Angrist 1994). In our setting, this assumption requires that PM 2.5 always (weakly) 
increases in a county when the wind blows from a high pollution direction and vice 
versa. Because our instruments are indicator variables and the coefficients vary at 
the level of the pollution-monitor group, the monotonicity assumption means that 
every county in each monitor group should experience a change in pollution in the 
same direction as every other county in that monitor group, for each 90-degree wind 
angle bin. The assumption may be violated if, for example, some counties in a mon-
itor group respond differently to wind than do the others within its group, if the 
direction of the change in pollution varies within a 90-degree angle bin, or if the 
wind direction-pollution relationship within a monitor group differs by time of year.

To investigate the validity of the monotonicity assumption in our setting, we 
estimate alternative specifications that allow our instruments to vary over a larger 
number of wind direction bins, over smaller or larger geographic areas, and over the 
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Figure 6. Effect of One-Day Increase in Fine Particulate Matter (PM 2.5) on Mortality  
over Different Time Periods

Notes: This figure plots IV estimates of equation (1) from the main text for outcome windows ranging from 1–28 
days. Dependent variable is the mortality rate per million beneficiaries over the number of days indicated on the 
x-axis. Estimates are shown for outcome windows of 1 day, 3 days, 5 days, 7 days, 10 days, 14 days, 17 days, 21 
days, and 28 days. The three-day window estimate shown in this figure corresponds to the point estimate reported 
in column 1, panel B of Table 2. All regressions include county, month-by-year, and state-by-month fixed effects; 
two lags of the instrument; flexible controls for temperatures, precipitation, and wind speed; and the appropriate 
number of leads of these weather controls and instruments (number of days minus 1). Estimates are weighted by 
the number of beneficiaries.

Estimated damages: wind direction increases PM2.5

exposure =⇒ ↑ deaths. One day of +1 µg/m3

raises elderly mortality by 0.69 per million over
three days. Causal, but acute mortality only.
Source: Deryugina, Heutel, Miller, Molitor, and Reif. “TheMortality andMed-
ical Costs of Air Pollution.” AER, 2019.
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Damages and abatement costs

Abatement costs

◦ Cj(ej) is firm j ’s cost of abatement (i.e., reducing emissions)

◦ If firms’ emissions are greater than private optimum (ej > êj ), then Cj(ej) = 0

◦ If ej < êj
– Cj(ej) > 0 (costs are positive)
– C ′

j (ej) < 0 (marginal reductions in emissions marginally increase costs)

– DefineMACj(ej) = −C ′
j (ej) > 0

– whereMAC ′
j (ej) = −C ′′

j (ej) ≤ 0
• Marginal abatement costs are decreasing in emissions (i.e., increasing in abatement).
• A little abatement is cheap, but becomes more costly as abatement increases.
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Damages and abatement costs: Efficiency

◦ Pareto optimality =⇒ a trade-off between negative impact of externality on utility
and the benefit of emissions as an input to production.

◦ Society’s objective: minimize social costs (i.e., abatement costs + pollution damages)

min
ej

SC (e1, . . . , eJ) =
J∑

j=1

Cj(ej) + D(E )

=⇒ −C ′
j (ej) = D ′(E ) ∀j

=⇒ −C ′
j (ej) = −C ′

k(ek) ∀j , j ̸= k

◦ Optimal emissions occur where marginal abatement costs = marginal damages
◦ Marginal abatement costs are equalized across all firms
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Social cost minimization

Firm 1 Abatement Costs
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Damages functions and
abatement costs

◦ Abatement costs are
decreasing in emissions.

◦ MAC = −C ′ also
decreasing in emissions

◦ E∗ is optimal total
emissions

– Where−C ′
j = D′

– Firm 1 emits e∗1
– Firm 2 emits e∗2
– MAC1(e

∗
1 ) = MAC2(e

∗
2 )

◦ Area underMAC curve is
total cost of achieving
abatement level E∗
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ê2

Panel B

Marginal Damages

E

D ′(E )

0

D ′(E ∗)

E ∗

g

Panel C

Figure: Pollution damages, costs, and efficient emission level

Damages functions and
abatement costs

◦ Abatement costs are
decreasing in emissions.

◦ MAC = −C ′ also
decreasing in emissions

◦ E∗ is optimal total
emissions

– Where−C ′
j = D′

– Firm 1 emits e∗1
– Firm 2 emits e∗2
– MAC1(e

∗
1 ) = MAC2(e

∗
2 )

◦ Area underMAC curve is
total cost of achieving
abatement level E∗

12 / 35



The Coase Theorem

◦ In the case of an externality. . .
◦ If. . .

– Property rights are clearly defined,
– There are minimal transactions costs,
– There aren’t too many parties involved,

◦ Then. . .
– The efficient solution can be achieved through bargaining regardless of who is

given property rights.
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Coasean bargaining: Fundamental insight

Decentralized bargaining can achieve socially optimal level of
emissions irrespective of who has property rights. Each agent

doesn’t want to compensate other party for more than it’s worth at
the margin.
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The Coase Theorem

Discussion

◦ Should polluters pay for their damages?

◦ What is the role of government in Coasean bargaining?

◦ What types of environmental problems are likely to be solved through
Coasean bargaining?

◦ Coase vs. Pigou
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Coase vs. Pigou
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Coasean bargaining: A simple household-firm model

HH has right to clean environment
◦ Firm offers an emissions/payment

contract (E , θ) for right to pollute.
◦ Household will accept if θ ≥ D(E)

Firm minimizes total costs:

min
E

C(E) + θ + tr

min
E

C(E) + D(E) + tr

=⇒ −C ′ = D ′

◦ Firm will offer θ = D(E) to compensate
for damages.

◦ Requires transaction costs < gains from
negotiation.

Firm has right to pollute
◦ Household offers an emissions/payment

contract (E , θ) for firm to limit emissions.
◦ Firm will accept if θ ≥ C(E)

Household maximizes utility:

max
E

{y − [D(E) + θ + tr ]}

max
E

{y − [D(E) + C(E) + tr ]}

=⇒ −C ′ = D ′

◦ Household will offer θ = C(E) to
compensate for abatement costs.

◦ Requires transaction costs < gains from
negotiation.
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Environmental policy instruments

Outside of private (i.e., Coasean) negotiation, we have several tools to reduce
pollution:

◦ Command and control (i.e., emissions standards)
◦ Emissions taxes
◦ Pollution permits:

– Auctioned permits
– Freely distributed, transferable permits

◦ Subsidies
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Command and control
◦ Government (i) sets limits on quantity of pollution coming from each firm or (ii)

mandates that they use a specific technology.
◦ Ideally, government sets e∗j for each firm, where e∗j is optimal emissions.

– Requires knowledge of social damage function AND individual firms’ abatement curves.

◦ Instead, regulator sets a uniform emissions standard: ē = E∗/J , where E∗ is socially
optimal level of aggregate emissions.

– If firms are identical, then ē = e∗j ∀j

– If firms are heterogeneous, policy will be more
costly than efficient solution.

– −C ′
1(ē) ̸= −C ′

2(ē)

– Marginal costs are not equalized across firms.
– Cheaper for Firm 2 to abate more than Firm 1.
– Potential for trading: Firm 1 should be willing

to pay Firm 2 to abate.
e1

−C ′
1(e1)

0

−C ′
1(ē1)
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ê1
e2

−C ′
2(e2)

0

−C ′
2(e

∗
2)

−C ′
2(ē2)
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Emissions taxes

◦ Following Pigou, impose a tax on polluting firms’ emissions.
◦ Firms minimize total costs:

min
ej

TCj(ej) = Cj(ej) + τej =⇒ −C ′
j (ej) = τ

– Firms emit up to the point whereMAC equals the tax rate.
– MACj(ej) = τ = MACk(ek) for j ̸= k (marginal costs are equalized across firms)
– MACs are decreasing in τ

◦ How to choose τ?
– Need to know allMAC

curves to achieve e∗j (τ).
◦ Taxes also raise revenue.

– What the government does
with that revenue matters for
policy.
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Auctioned pollution permits

◦ Firms must purchase permits for the “right to pollute” (e.g., 1 permit = 1 ton of
pollution).
– Offer L pollution permits, which corresponds to the optimal level of emissions, E∗.
– An auction price σ emerges from competitive bidding by firms.

◦ Firms still minimize total costs:

min
ej

Cj(ej) + σej =⇒ −C ′
j (ej) = σ

◦ Firms will emit up to point where marginal abatement costs = equilibrium
permit price
– If σ > MACj(ej), firm will abate emissions.
– If σ < MACj(ej), firm will purchase emissions permits.

◦ Similar to taxes, government/regulator earns revenue from auctioning permits
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Equivalence of taxes and permits

Proposition 3.2 (P&R)

If the regulator knows the polluting industry’s aggregate demand curve for emis-
sions, or equivalently the aggregate marginal abatement cost curve, and if the
firms behave as price takers on the permit market, the regulator can achieve an
aggregate emissions target Ē by:

1. Issuing a total amount of permits for auction L = Ē ; or
2. Charging an emissions tax τ which leads to Ē . In this case, τ(Ē ) = σ(L) where
σ(L) is the market clearing price in the auction.

Furthermore, with knowledge of the damage function D(E ) the regulator can im-
plement the socially optimal emission level E ∗ using either instrument.
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Transferable (tradeable) permits

◦ Practically speaking, many cap-and-trade systems allocate permits based on
historical emissions.
– Regulator chooses total number of permits, L, and distributes them according to some rule.
– Firms then can engage in trade, effectively creating a market for permits.

◦ Firm j is endowed with ēj permits; σ is the market price of permits.

min
ej

Cj(ej) + σ(ej − ēj) =⇒ −C ′
j (ej) = σ

◦ Same solution as auctioned permit case (endowment is lump-sum transfer)
– IfMACj(ej) < σ, then firm will emit up untilMACj(ej) = σ or sell permits.
– IfMACj(ej) > σ, then firm will purchase permits untilMACj(ej) = σ
– Demand/supply for permits and demand/supply for emissions reaches an equilibrium

where MACs are equalized across firms (and equal to σ).
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Transferable (tradeable) permits
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Figure: Freely distributed transferable permits (P&R Fig 3.3)
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Subsidized abatement

◦ Rather than requiring firms to bear the cost of abatement, governments can subsidize
the provision of public goods (often for political economy reasons)

◦ Government provides a subsidy ζ for each unit of abatement below some reference
level (ēj).

◦ Firms minimize costs:

min
ej

Cj(ej) + ζ(ej − ēj) =⇒ −C ′
j (ej) = ζ

◦ Subsidies induce identical behavior at the margin
as emissions taxes.

◦ MACs are equalized across firms
◦ Can achieve optimal emissions (E∗) if damage

functions are known.
◦ Subsidies need to be financed from somewhere

(taxes/auctions generate revenue)
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Final thoughts

◦ Coasean bargaining can lead to efficient outcomes without government
intervention
– In practice, this is rare.

◦ Taxes, permits, subsidies can all achieve similar outcomes (in terms of
emissions).
– Often times, choice of policy instruments are driven by political considerations.
– Each requires different information on abatement costs.
– Standards are only efficient if firms’ abatement costs are identical.

◦ Revenue/cost considerations matter:
– Taxes and auctioned permits generate revenue, which can be used to make

policies more efficient
– Transferable permits result in intra-industry transfers
– Subsidies need to be financed from governmental revenues
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For next week. . .

caseyjwichman.com/econ7102/#week3

◦ Monday:
– No class (Labor Day)

◦ Wednesday:
– P&R, Ch. 4 (skim Sections 4.2 and 4.3)
– Weitzman (1974): “Prices vs. Quantities,” Review of Economic Studies, 1974.

• Reading response due for Weitzman. Due: Tuesday, 11:59 PM. Submit via Canvas.
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