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Non-Market Valuation and Regulation

Outline for Today: Non-Market Valuation as the Fundamental Problem of

Environmental Economics

What are the benefits of improving environmental quality?

• Ask people (stated preferences)

• Watch people (revealed preferences)

• Hedonics and Recreation Demand

• Bottom up accounting

• Add up observable physical impacts and apply a dollar value (crop yields, mortality)

How should we aggregate benefits across different (groups of) people?

• Distributional considerations and environmental justice
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The Fundamental Problem of Environmental Economics

Last time - Efficient Pigovian taxes require knowledge of the magnitude of marginal

external costs (e.g. Social Cost of Carbon)
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How do we know the slope of the damage function? Unlike private goods, no prices we

can use.
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Cost-Benefit Analysis

This is all basically a way of saying we are doing cost-benefit analysis (your assignment

for this class!)

Many regulations can be modelled as some sort of tax

• We want to make sure the marginal benefits (reduced social damages) outweigh

the marginal costs (abatement)

But a key question in environmental economics is how to value non-monetary benefits

• Better health from cleaner air or water

• Recreation opportunities

• Existence values
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Story Time: The Tellico Dam and the Snail Darter
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Story Time: The Tellico Dam and the Snail Darter
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Stated Preferences



Stated Preferences

Simple idea: How much would you be willing to pay to save the snail darter?

• Economists tend to be skeptical of hypothetical questions.

• Under fairly weak assumptions looking at how people make choices in the world

reveals their true preferences.

Carson and Groves (2007): under the right circumstances, responses to stated

preference surveys can be treated as revealed preferences:

• Need to believe that answers will be used to inform real policy.

• Need to believe there is some mechanism (taxes) that they will actually enforce

payment.

• In other words, it needs to seem as if the stakes are real.
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Exxon Valdez Oil Spill 1989
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Exxon Valdez Oil Spill 1989
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Passive Use vs Direct Use Values

• Hausman, Leonard, McFadden (1995) found $4 million lost recreation value

• Exxon settled with fishermen for $67 million

• Carson et al (1992) found passive use values of $3 billion
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Contingent Valuation Survey
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Contingent Valuation Survey
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Contingent Valuation Survey
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Contingent Valuation Survey
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Other Examples

Endangered Species: Loomis and White (1996)
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Other Examples

WTP for 2 degrees climate change: Kotchen and Ashenfarb (2023)
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Criticisms and Caveats

• Hypothetical biases

• Might not know, might want to please the researcher, might be cheap talk

• Framing effects

• 1/3 will live vs 2/3 will die (Kahneman and Tversky 1981).

• Scope Insensitivity (Desvousges et al 1992)

• Endowment effects

• Divergence between WTP and WTA
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Takeaways

Even if CV isn’t perfect, it is clearly better than the alternative of assigning zero to

existence values

• Clearly there are also issues with revealed preference assumptions

• CV compares favorably with similarly worded ballot initiatives

A properly designed survey is of the highest importance
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Revealed Preferences



Revealed Preferences and Close Complements

Sometimes we can infer something about the value of a non-market good by studying

markets for closely related private goods

• Hard to put a price on whales (no market)

• Easy to put a price on whale watching tours

• Price of the latter can tell us something about the value of the former

• Recreation demand or travel cost models estimate the expenditures induced by a

marginal change in the environmental good as a lower-bound on the value of the

good.
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Hedonic Methods: Housing

When people buy a house they are purchasing a bundle of goods:

• Roof and walls

• School district

• Environmental quality
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Hedonic Methods: Housing

When people buy a house they are purchasing a bundle of goods:

• Roof and walls

• School district

• Environmental quality

Real Estate markets have several other useful features:

• Competitive and thick

• Consequential - buyers and sellers likely to be well-informed

• Clearly reflect the value of local public goods
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The Hedonic Model

House prices are a function of characteristics: P(x ,E ):

• x : rooms, bathrooms, school district, distance to boulangerie

• E : local air quality, water quality, park, etc...

• Prices arise in equilibrium of buyer-seller interactions

Consumers choose a house to solve:

max
x ,E ,z

u(x ,E , z) (1)

y = z + P(x ,E )

Assumes consumers can choose E (by sorting across space?)

• z is purchases on all other goods, y is income

15



The Hedonic Model

max
x ,E ,z

U(x ,E , z) + λ(y − z − P(x ,E )) (2)

First order conditions give:

dU

dx
= λ

dP

dx
dU

dE
= λ

dP

dE
dU

dz
= λ

Rearranging the last two gives:
dU
dE
dU
dz

=
dP

dE
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The Hedonic Model

The left hand side is the MRS between environmental goods and other goods:

willingness to trade of other purchases for E:

dU
dE
dU
dz

=
dP

dE

The right hand side is how a marginal change in E changes the price of the house. In

principle, we can estimate this in a regression:

logPi = β1xi + β2Ei + ei (3)

d

dE
logP = β2 =

dP
dE

P
(4)
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The Hedonic Method: Identification

logPi = β1xi + β2Ei + ei (5)

Why doesn’t this work in practice?

• ei could be correlated with E and Pi

• xi s are endogenous, could have been chosen as a result of E .

• We need exogenous variation in E
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logPi = β1xi + β2Ei + ei (5)

Why doesn’t this work in practice?

• ei could be correlated with E and Pi

• xi s are endogenous, could have been chosen as a result of E .

• We need exogenous variation in E

Chay and Greenstone (JPE) 2003: Look at changes in home prices resulting from ‘exogenous’

changes in air pollution

• In 1975, the Clean Air Act designated certain counties as non-attainment if they were

above a pollution threshold

• In principle counties just below and just above that threshold should be very similar,

except that areas just above the threshold experienced bigger improvements in air quality 18



The Hedonic Method: Results

People are willing to pay for better AQ (about 2% per 1µg).
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Takeaways

Hedonics are often the first tool in the kit for environmental economists

• Muehlenbachs, Spiller and Timmins (2015) - Fracking

• Schlenker et al (2005) - Agriculture and Global Warming

• Kaiser and Shapiro (2018) - Clean Water Act - municipal wastewater treatment

Several important considerations:

• Only captures use values related to the property

• Mobility between houses

• See Christensen and Timmins (2022). Sorting or Steering: The Effects of Housing

Discrimination on Neighborhood Choice

• Perfect information

• Well functioning capital markets
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Non-Market Valuation

Design a stated-preference and a revealed preference approach to study the value of:

• The Mona Lisa

• Scientific research on a vaccine for cancer

• Honeybees

• Better weather forecasts

• Bringing high speed internet to a rural village

What are some limitations of your studies?
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Estimating Pollution Damages: Bottom Up

Given the assumptions involved in both revealed and stated preference approaches,

empirical researchers often attempt to measure the effect of pollution on more clearly

defined physical variables:

• Crop Yields

• Morbidity and Mortality

• Property damages of natural disasters

Improvement in understanding of causal inference contributing to more credible

identification. What is the problem with:

Yi = βPM2.5i + ei (6)
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Wind Direction as an IV
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Wind Direction as an IV
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Regression Specification:

Ycdmy = βPM2.5cdmy + Xcdmyγ + αc + αsm + αmy + ecdmy (7)

• Ycdmy is outcome in county c on day d in month m and year y: three-day total

death rate (d, d+1, d+2) per million, hospital admissions

• daily PM2.5 levels + 2 leads + 2 lags

• High dimensional controls: daily max temp into 17 bins, same for min temp,

indicators for deciles of daily precipitation and wind speed, indicators for all

possible interactions of these temp, precipitation, and wind speed variables

(28,899)

• County c, state-by-month, and month-by-year FE

• Cluster se at the county level and weight
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First stage:

PM2.5cdmy =
∑
g

2∑
b=0

WindDir90bcdmy + Xcdmyσ + αc + αsm + αmy + ecdmy (8)

• WindDir90bcdmy = 1 if daily average wind direction in county c falls in [90b, 90B +

90] and 0 otherwise

• 100 spatial group g for pollution monitors
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Wind Direction as an IV: Results
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How big are these effects?

How can we compare these effects to the costs of reducing air pollution? We need a

common denominator

Value of Statistical Life (VSL) approach:

• Several ways of estimating WTP for reducing the probability of death:

• wage-premia on risky jobs (hedonic wage regressions)

• WTP for safety features on e.g. cars, medicines that extend lifespan

• contingent valuation surveys...

• Back to relying on revealed preference or CV!

• Equity issues can get very difficult: less money = less WTP

• Bressler and Heal (2022): should we value 1 life in France = 82 lives in DRC?

• We don’t use different VSL for poor vs rich within France

• Either equity weighting or global average VSL?
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How big are these effects? Cost-Effectiveness Approach
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Effects of Temperature Shocks on Mortality

But there is another problem as well...

• Estimates are static, historical, don’t account for adaptation

Barreca et al (2016):

log(Ysym) =
∑
j

θjTsymj + Xsymβ + αsm + ρym + eysm (9)

• Semi-parametric approach to temperature - number of days in a month in a

certain degree range

• Time varying controls for precipitation and population age structure

• State seasonal fixed effects and national month fixed effects
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Barecca et al Results

High and Low Temps Increase Mortality
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Barecca et al Results

On the left - effects before 1960, on the right - after 1960
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Barecca et al Results

The effect of a hot day on mortality over time
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Adaptation and Innovation
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Adaptation and Innovation
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AC saves lives
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Takeaways

• Bottom up approaches have increased in popularity due to advances in
measurement and causal inference

• Biden administration moved to a bottom-up approach to measure the Social Cost of

Carbon

• Still need to rely on assumptions to get something useful for policy

• Lucas Critique: Can be tricky to project econometric results into the future
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Comparing Policies



Marginal Value of Public Funds

Return to our Social Welfare Function

W =
∑
i

αiUi (E ) (10)

such that B ≥ B(E ). (11)

α are the weights we place on each individual’s utility and B(E ) is the spending on the

environmental program.
dW

dE
=

∑
i

αi
dUi

dE
+ λ

dB

dE
. (12)

λ is the Lagrangian multiplier on the govt’s budget constraint.
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Marginal Value of Public Funds

We never observe dUi
dE . But we do (sometimes) observe marginal willingness to pay:

WTPi =
dUi
dE
dUi
dxi

(13)

Rewrite and normalize by spending:

dW
dE
dB
dE

=
∑
i

αi

dUi
dE
dB
dE

+ λ =
∑
i

αi
dU

dxi

WTPi

dB/dE
+ λ. (14)

Now define:

η =

∑
i αi

dUi
dxi

WTPi∑
i WTPi

. (15)

This is constant for a given policy, and summarizes normative considerations.
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Marginal Value of Public Funds

Rewriting with η:
dW
dE
dB
dE

= η

∑
i WTPi

dB/dE
+ λ = ηMVPF + λ. (16)

Note dB/dE includes any ’fiscal externalities’

• Spend $1 on a policy to improve health

• Govt spending on healthcare declines

Can an MVPF be infinite?
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Marginal Value of Public Funds

Now consider a budget neutral policy change (so λ is constant):

Should we shift a dollar of spending from program A to program B?

We prefer A iff:
ηA

ηB
>

MVPFB

MVPFA
(17)

Roughly, if MVPFB
MVPFA

= 2, we should only prefer A if we prefer the beneficiaries of A

receiving $1 more than the beneficiaries of B receiving $2.
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A Welfare Analysis of Policies Impacting Climate Change

Working paper by Hahn, Hendren, Metcalfe, and Sprung-Keyser

• Quantify the MVPF of a variety of policies to address climate change

• Important: not just counting environmental benefits, but all benefits

• Requires estimates of effects of policies, but also monetary values of non-market

benefits, dynamic effects, and fiscal externalities

• Disaggregate by different groups to allow policy makers to assess distributional

concerns

40



Utility-Scale Wind Subsidies
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Residential Solar Subsidies
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A Welfare Analysis of Policies Impacting Climate Change
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MVPF: Taxes
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MVPF: Taxes
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MVPF: International Policies
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Takeaways

• MVPFs vary greatly depending on program design

• Doesn’t measure cost effectiveness at C02 reduction

• Counts inframarginal transfers

• What would the MVPF of a UBI program be?

• Budget neutral policy comparisons

• Non marginal considerations may also matter
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Equity



Social Choice and Interpersonal Comparisons

Typical CBA ignores the αi , implicitly gives equal weight to all individuals denominated

in dollars: a dollar to person A equals a dollar to person B:

W =
∑
i

αi (bi (E )− ci (E )) (18)

This is consistent with Kaldor Hicks: If we maximize the number of dollars created, we

can arrange some side payments such that everyone would be better off

• But these transfers rarely seem to occur in practice

• Discounting and risk aversion both rely on concave utility functions: diminishing
marginal returns to a dollar

• Implies a dollar to a poor person worth more than a dollar to a rich person

• New US govt guidance opens the door to ‘equity weighting’ in CBA: αi = U ′(xi )

• Implies individuals have the same utility functions
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US Environmental Justice Movement

• 1982 Warren County Hazardous Waste Protests

• 1987 United Church of Christ Report

• Continuing documented disparities in a range

of pollutants
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Potential Causes of Disparities

• Firm siting decisions: low land prices, low wages, not necessarily ‘taste-based’

discrimination
• ‘Coming to the Nuisance’: Sorting based explanations - access to jobs or
environmental gentrification

• Might be efficient given existing distribution of resources

• Coasian bargaining: If residents have property rights, may be able to hold up
permitting processes

• Low-income/minority communities have lower WTP for clean environment? Lower

bargaining power? Again could be efficient given existing distribution of resources

• Less secure property rights? Higher costs of enforcing property rights? (Language

barriers, meeting locations, time costs)

• Political Economy: Minority communities may have less influence over
institutional processes

• Regulatory, monitoring/enforcement, remediation

49



Can Race Blind Policies Close Gaps?

Colmer et al: The Changing Nature of Pollution, Income, and Environmental Inequality

in the United States - new data with individual level exposure

• The Clean Air Act in the US has improved air quality for black households more

than white households

• Black HHs still face worse AQ than white HHs throughout the distribution
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Takeaways

Existence of pollution exposure gaps is widely documented

• Environmental Impacts Frame: US Census data that tracks exposure at the

individual and household level

Equity impacts of market-based instruments is an active area of research:

• Hernandez-Cortes and Meng (2023): Do environmental markets cause

environmental injustice? Evidence from California’s carbon market

• Deschenes and Weber: Equity Impacts of a Market for Clean Air

On the international stage, debates about who will pay for costs of mitigating and

damages from climate change are central in current negotiations

• It all comes back to Coase: environmental issues are distributional issues
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