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Agenda

Last time
• Externalities, Pigou vs. Coase
• Strategic interactions
Today
• Measuring externalities
• Cost–benefit analysis
Note! We will save a part of the discussion for later, if we succeed
in getting a guest appearance from Peter Matthews
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Recap: Optimal bids
Profits of a firm are given by revenues - costs:
N

π (x ) = pf (x ) −

∑ wn xn ,

n =1

In general, optimal to have marginal revenue equal marginal cost:
p

∂f
− wn = 0
∂xn

∀n,

Take a coal plant with f (xc ) = ηc xc and assume that production
capacity is constrained by xc < k. Then optimal choice will
depend on the price as follows
(
k,
if p > wc /ηc ,
xc =
0,
if p < wc /ηc .
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Recap: Climate negotiations

As simple model as we can:
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• Economic gains from production occur now
• Damages revealed only in the future → uncertainty
• True in many cases that we discuss in this course
• Also: Incomplete information on the costs of others
3

Measuring externalities

• Privately beneficial actions of individuals in a market can
cause externalities.
• Care needed to quantify the magnitude of effects
- By definition externalities lack the clarity of prices and
quantities in a marketplace.
- Often separate reporting required.

• And the externality can be hard to measure in monetary terms
- E.g. effects to human health or the environment.

• Need to resort to empirical methods
- Modern statistical tools developed to show causal relations.
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Examples today: Local pollutants

“

Particulate matter emissions have been linked to serious health issues including lung cancer, premature
deaths, increased respiratory symptoms as well as
lethal heart conditions. The PM2.5 has shown to be
the most dangerous, as particles this small are able
to penetrate into the lungs as well as bloodstream.

”

Source: Raaschou-Nielsen et al., 2017.
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Example: Trend in Finland

Figure 1: PM2.5 concentration over time.

Source: EEA.
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Example: Trend in Finland and Sweden

Figure 2: PM2.5 concentration over time.

Source: EEA.
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Example: Trend in Finland and Sweden

Empirical questions on the trends
• Why are the trends downwards? (And are they really?)
• What causes the trend?
• What are the benefits of reduced emissions? And the costs of
environmental policies?
• How are the costs and benefits distributed?

Source: EEA.
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Example: Of measurement

Figure 3: PM2.5 concentration in Helsinki just now.
Source: HSY.
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Example: Why do we need causal inference?

• Observe life expectancy Y and PM10 by location j, which has
some observable characteristics Xj .
• Why not simply run the following linear regression?
Yj = β 0 + β 1 PMj + Xj ϕ + ej
• Sure, we could do so to find correlation, but what if there is
something else affecting Yj , not captured by Xj ?
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Of models in general

• We are interested in understanding what causes something
- Like why some people live longer than others

• Have some hypothesis of an effect
- Local air pollutants bad for the health

• Ideal setting: Run an experiment that randomly assigns
subjects to treatment and control groups
- Can’t really expose people to more pollution

• Try to find other sources of variation to identify the causal
relationship
For more, see e.g. Josh Angrist’s Nobel Prize Lecture 2021
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Example: Evidence from China

• We go through a quasi-experimental setting
- Government used “random” policy that led to differential air
pollution levels on the two sides of the Huai river
- Helps in identifying the effect of air pollution on mortality.

• Why important?
- If we know the relationship between air pollution and health
effects, helps to measure the gains from policies that reduce
air pollutants
- Translating to money is another issue. This relates to “the
value of statistical life”, to be discussed
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Example: Huai River and the Policy

Figure 4: China’s Huai River/Qinling Mountain Range winter heating
policy line and PM10 concentrations
Source: Ebenstein et. al, PNAS, 2017.
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Example: Findings

• In the North, PM10 concentrations higher (42 µg/m3)
• life expectancies are 3.1 y (95% CI: 1.3, 4.9) lower,
• long-term exposure to an additional 10 µg/m3 of PM10 is
associated with a reduction in life expectancy at birth of
about .64 y (95% CI: 0.21, 1.07).

Source: Ebenstein et. al, PNAS, 2017.
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Example: How to estimate concentrations?

Figure 5: Fitted values from local regression of PM10 exposure on
distance from the Huai River, separately on each side of the river.
Source: Ebenstein et. al, PNAS, 2017.
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Example: Estimation results

Source: Ebenstein et. al, PNAS, 2017.
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Example: Empirical approach

PMj = α0 + α1 Nj + f (Lj ) + Nj f (Lj ) + Xj γ + uj
d j + f (Lj ) + Nj f (Lj ) + Xj ϕ + ej
Yj = β 0 + β 1 PM

• First stage: estimate how PM10 at location j depends on the
covariates: location Nj , distance Lj , and observable
characteristics Xj
• Second stage: explain life expectancy (Yj ) by the fitted first
stage PM10 and the covariates, assumes the Huai River Policy
only influences life expectancy through its impact on PM10
Source: Ebenstein et. al, PNAS, 2017.
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Example: The impact of PM10 to life expectancy

Source: Ebenstein et. al, PNAS, 2017.
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Costs and benefits

The cost-benefit question

How much pollution should be limited to maximize net benefits?
• How to measure the benefits of environmental protection?
• How to measure cost?
• What is the optimal protection level?
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The cost-benefit question
To fix ideas:
• i ∈ I = {1, .., N }, set of agents
• ai , abatement by each source
• Bi (a1 , a2 , ..., aN ), benefits for i
• Ci (ai ), cost of abatement
The policy problem is to choose abatements such that the total
gains are maximized:
N

max

∑ Bi (a1 , ..., aN ) − Ci (ai )

{a1 ,...,aN } i =1
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The cost-benefit question
Marginal cost,

∂Ci (ai )
∂ai ,

should equal the marginal gain,

N
∂B (a1 , ..., aN )
∂Ci (ai )
=∑ i
∂ai
∂ai
i =1

Often the gains depend on the sum of actions so that
Bi (a1 , ..., aN ) = B (a1 + ... + aN ) and
∂C (a )
∂C1 (a1 )
= ... = N N = NB 0 (a1 + ... + aN )
∂a1
∂aN
|
{z
}
Cost efficiency

Cost efficiency: marginal abatement cost (MAC) should be
equalized across agents.
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Costs and damages

Figure 6: Pollution damages.
Source: Muller, Mendelsohn and Nordhaus, AER, 2011.
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What are the types of damages that have been quantified?

In the case of air pollutants:
• Health effects in terms of increased mortality may be as much
as 95 % of all damages.
• Other effects that have been quantified include:
- Impaired visibility, depreciation of man-made materials,
increased rates of illnesses, reduced recreation services, lost
timber yields, and decreased agriculture harvests.

Much has been done in other contexts and relating to other
damages (we will return to climate change later); but also much
work still to be done for questions like biodiversity.
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The Value of Statistical Life, VSL

How to express in money? This is important since the bulk of the
gains from pollution-reductions typically come from change in
mortality.
• How much would individuals be willing to pay (WTP) achieve
a small reduction in the probability of death?
VSL =

WTP
∆Risk

• One can then convert the probability of premature death, such
as caused by pollution, to an euro value.

24

Further complications: Damages differ across localities

Figure 7: Marginal pollution damage of PM2.5 in USD/ton/year.
Source: Muller and Mendelsohn, AER, 2009.
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Putting it all together
Table 1—Gross External Damages and GED/VA Ratio by Sector
Sector
Agriculture and forestry
Utilities
Transportation
Administrative, waste management, and remediation services
Construction
Arts, entertainment, and recreation
Accommodation and food services
Mining
Manufacturing
Other services
Wholesale trade
Retail trade
Information
Finance and insurance
Real estate services
Professional, scientific, and technical services
Management
Educational services
Health care services
Total all sectors

GED
32.0
62.6
23.2
10.7
14.7
2.2
4.2
3.3
26.4
1.0
1.2
1.7
0.0
0.0
0.0
0.0
0.0
0.0
0.7
184.0

GED/VA
0.38
0.34
0.10
0.08
0.03
0.03
0.02
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Note: GED in $ billion per year, 2000 prices.

Figure 8: GED=gross external damages, VA=value added

Source: Muller, Mendelsohn and Nordhaus, AER, 2011.
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Weighing externalities

• Measuring externalities tricky in the best of circumstances.
• Many of the channels by which damages occur are not well
understood.
• Policy interventions needed to correct market activities.
• Quantifying the damages in monetary terms one way to
balance decisions across the society
- Typical questions: environment vs. jobs?
- Scarce resources will impact decision potential in any case.
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Agenda

This week
• Externalities
Next week
• Policies
• EU ETS
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