
Topic 8

• Nonmarket goods

• Hedonics

⊲ Regression

⋄ Source: Kelly D. Bradley University of Kentucky

⊲ Examples

• Contingent valuation

• Value of a statistical life



Nonmarket Environmental Goods and Bads

• Bads

⊲ Air pollution, water pollution, noise pollution

⊲ Toxic waste, nuclear waste, solid waste

⊲ Global warming, ozone depletion, tropical deforestation

• Goods

⊲ National parks, open space, hiking trails, visibility

⊲ Biodiversity, fish, wildlife

• Presence of nonmarket goods and bads affects willingness to

pay for certain market goods



Hedonic Price Methods

• These methods decompose a market good into its attributes

and estimate the implicit prices of each attribute, including

nonmarket goods

⊲ Hedonic – having to do with pleasure

⊲ Can use hedonic methods to estimate demand for a non-

market good



Some Simple Examples of Hedonic Prices

• Most goods that we purchase are bundles of attributes

⊲ Suppose z1, z2, ..., zN are quantities of each attribute

⊲ Hedonic regression

P = p0 + p1z1 + p2z2 + ...+ pNzN

• Pizza: size, type of crust, number of toppings, extra cheese

• Automobile: make and model, fuel economy, sound system,

AC, transmission, engine size



Basic Hedonic Technique

• Decompose a product into its attributes

• Estimate the implicit price of each attribute

• Usual estimation method is multiple linear regression



What Is Multiple Linear Regression

• Predicting an outcome (dependent variable) based upon sev-

eral independent variables simultaneously.

• Why is this important?

⊲ Behavior is rarely a function of just one variable, but is

instead influenced by many variables. So the idea is that

we should be able to obtain a more accurate predictions

by using multiple variables to predict our outcome.



The Multiple Linear Regression Model

• Prediction applications in which there are several independent

variables, x1, x2, x3, . . .. A multiple linear regression model

with p independent variables has the equation

y = β0 + β1x1 + β2x2 + . . .+ βpxp + e

⊲ β0 is the intercept; i.e. the prediction when all xi are zero

⊲ βi is the marginal effect of variable xi

⊲ e is random error with mean zero that represents predic-

tion error



The Prediction Equation

• The equation for this model fitted to data is

ŷ = b0 + b1x1 + b2x2 + . . .+ bpxp

⊲ Where ŷ denotes the predicted value computed from the

equation, and bi denotes an estimate of βi.

• The bi are computed by least squares.

⊲ For each observed y and corresponding prediction ŷ, find

those bi that make the sum of the squared errors
∑
(y− ŷ)2

the smallest.



Doing the Calculations

• Computation of the estimates by hand is tedious.

• They are ordinarily obtained using a regression computer pro-

gram.

• Standard errors also are usually part of output from a regres-

sion program.

⊲ A confidence interval for a coefficient is the estimate plus

and minus twice the standard error.



Assessing the Utility of the Model:

Hypothesis tests

• Test if all of the slope parameters are zero: F-test.

⊲ Rule of thumb: Should be bigger than 2 if have at least

30 observations.

• Test if a particular slope parameter is zero given that all other

x’s remain in the model: t-test.

⊲ Rule of thumb: Should be bigger than 2 if have at least

30 observations.



Interpreting Coefficients

• Constant, b0, is the prediction when all the independent vari-

ables xi, are set to zero.

• Other coefficients, bi are the regression coefficients, are in-

terpreted as the change in the dependent variable y for each

unit change in the corresponding independent variable, xi all

other variables held constant.

⊲ I.e., bi is the marginal effect of xi.



What if the Effect a Variable is Curvilinear?

• Quadratic model

ŷ = b0 + b1x1 + c1x
2
1 + b2x2 + . . .+ bpxp

• Marginal effect of x1 is now b1 +2c1x1



What if I have a Qualitative

Independent Variable?

• Create a dummy variable (indicator variable.)

⊲ E.g. xi = 1 if subject is a female and xi = 0 if subject is

a male.



What if the Relationship of an IV

Depends on the Value of Another IV?

• Interaction model

ŷ = b0 + b1x1 + b2x2 + c1,2x1x2 + . . .+ bpxp

• Marginal effect of x1 is now b1 + c1,2x2



Example: Organic Fresh Tomatoes

• What is the demand for organic tomatoes?

• What price premium are buyers willing to pay for organic

versus conventional tomatoes?

• Which types of buyers are willing to pay the most for organic

tomatoes?



Example: Organic Fresh Tomatoes

Huang and Lin (Review of Ag Econ, 2007)

• Data: 2004 Nielsen homescan panel data (UPC-level data)

• Markets: Northeast, Central, South, West

• Product attributes: organic, brand (A, B, C, D)

• Purchaser attributes: income, age, race



Technique: Run a Regression



Regression Output

Northeast Market



Marginal Willingness to Pay



MWP Using Logs



MWP by Market



Brand Preference by Market



MWP by Demographics



Organic Tomatoes Summary

• Estimated price premia for organic fresh tomatoes of 7% to

17% are consistent with existing studies

• Analysis is limited to the “at-home market” – tomatoes differ

from other fruits and vegetables with about 30% of the fresh

market being handled away from home

• “However, there is little to no information about consumer

demand for organic foods when they eat out.” (H&L, p.

797)

⊲ Topic for future research



Example: Organic Babyfood

Maquire, Owens, and Simon (J Ag and Resource Econ, 2004)

• What is the price premium associated with organic babyfood?

• “To the extent this premium reflects consumer willingness to

pay to reduce pesticide exposures, it could be used to infer

values for reduced dietary exposures to pesticide residues for

babies.”

⊲ (MOS, p. 132)



Organic Babyfood Regression



Why Raleigh and San Jose?

• Cities of similar size (in 2003)

• Percentage of population under one year of age similar –

1.4% and 1.5% resp.

• Composition of population differs – hispanic 10% and 30%

resp.



Regression Output



Babyfood Summary



Value of Clean Air in Boston

• Determine the willingness to pay for clean air

• Based on the seminal paper:

⊲ Harrison, David, Jr., and Daniel L. Rubinfeld (1978), “He-

donic Housing Prices and the Demand for Clean Air,” J

Environ. Econ. Mgmt. 5, 81–102.

⊲ Comprehensive discussion of hedonic market analysis

• Their data are publicly available.

⊲ Available at the course web site (BostonHousing.csv)

⊲ Or type “Boston housing data” into Google



Boston Housing Data

Variable Definition

MV Median value of owner occupied house
RM Number of rooms
AGE Age of the house

B (proportion black− 0.63)2

LSTAT Proportion of population that is low status
CRIM Crime rate
ZN Proportion of large lots nearby
INDUS Proportion of nonretail business acres nearby
TAX Property tax rate
PTRATIO Pupil-teacher ratio in nearby schools
CHAS Dummy for adjacent to Charles River
DIS Distance to major employment areas
RAD Index of accessibility to radial highways
NOX Nitrogen oxide concentration in pphm

From census tracts in the Boston SMSA



Boston Housing Hedonic Regression

logMV = a1 + a2RM2 + a3AGE

+ a4 logDIS + a5 logRAD

+ a6TAX + a7PTRATIO

+ a8B + a9 logLSTAT + a10CRIM

+ a11ZN + a12INDUS

+ a13CHAS + a14NOX2

logMV = 9.756+ (0.006328)RM2 + (0.00009074)AGE

+ (−0.1913) logDIS + (0.09571) logRAD

+ (−0.0004203)TAX + (−0.03112)PTRATIO

+ (0.3637)B + (−0.3712) logLSTAT + (−0.01186)CRIM

+ (0.00008016)ZN + (−0.0002395)INDUS

+ (0.09140)CHAS + (−0.006380)NOX2

Note: log is the natural logarithm



Using the Regression Equation

Effect of a 20% decrease in NOX



Using the Regression Equation

Effect of a 20% decrease in NOX

1. Calculate the average value for each variable

2. Calculate the predicted ln(MV) using the averages

=SUMPRODUCT(averages,regression coefficients)

3. Calculate the predicted MV using =EXP(·)

4. Calculate the predicted ln(MV) if NOX were 20% lower

=SUMPRODUCT(averages except NOX, regression co-

efficients)+(−0.006380)(.8
√
32.10877)2

5. Calculate the predicted MV using =EXP(·)

6. Subtract to get the change in predicted MV



Using the Regression Equation

More sophisticated approach

1. For each row, calculate the predicted MV using the regression

=EXP(SUMPRODUCT(data row,regression coefficients))

2. For each row, calculate the predicted MV if NOX were 20% lower

=EXP(SUMPRODUCT(data row except NOX, regression coeffi-

cients)+(−0.006380)(.8 ·NOX)2

3. For each row, calculate the change in predicted MV

4. Calculate the average change in predicted MV



Marginal Willingness to Accept Pollution

• What subsidy is required. I.e., by how much does the me-

dian value of a home decrease when the NOX concentration

increases by 1 pphm. We change sign to convert a buyer

discount to a seller subsidy.

MWTA = −
∂M̂V

∂NOX

• If M̂V = a1 + ...+ a14NOX, then − ∂M̂V
∂NOX

= −a14

• Because the regression uses logMV and NOX2, we have∗

MWTA = −
∂M̂V

∂NOX
= −(M̂V )(2)(−0.006380)(NOX)

= (0.012760) · M̂V ·NOX

∗M̂V = elog M̂V , so ∂M̂V
∂NOX

= elog M̂V ∂ log M̂V
∂NOX

= M̂V ∂ log M̂V
∂NOX

= M̂V (2) (−0.006380)NOX.



Willingness to Accept from Hedonic Regression
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Boston Housing Hedonic Market Analysis

• We have found that MWTA depends on MV and NOX

• We can summarize that relationship by running another re-

gression, the “demand regression”:∗

logMWTA = −1.25628+ (0.72136) logNOX

+ (0.73512) logMV

∗Harrison and Rubenfeld used annual income, not MV, in their demand. How-
ever, income is not in the publicly available data, MV is highly correlated
with annual income, and MV can be regarded as proportional to permanent
income.



Willingness to Accept: Demand Regression
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Annual Willingness to Accept Pollution

• MV represents the discounted present value of all future

rental services

• MWTA is in discounted present value dollars, not in annual

rental value dollars

• Annual MWTA = (0.09)MWTA (assuming r = 10%)∗

∗With an interest rate of 10%, the discount factor is δ = 1
1+r

= 0.91. Thus,

MWTA = 1
1−δ

(Annual MWTA) = 1
1−.91

(Annual MWTA), which implies that

Annual MWTA = (0.09)MWTA.



Annual Willingness to Pay for Abatement

Convert to annual willingness to pay for abatement relative to baseline of
5 pphm (AMWTP for abatement a is AMWTA for NOX = 5− a)



Pollution Abatement

• Your Portland Cement facility has 3 kilns and emits 2700 tons

of NOx per year. You are under pressure to reduce emissions

by 80% to 540 tons.

• Emissions affect nitrous oxide concentrations in census tracts

containing a total of 10,000 homes and with median home

values of 23,000. Concentrations in these tracts are 5 pphm.

• Estimate: 1000 tons/year of NOx from your facility con-

tributes 1.81 pphm nitrous oxide

• Marginal abatement cost for NOX for cement production is

$1,129/ton∗

⊲ MAC $
pphm

= 1,129 $
ton

1000
1.81

ton
pphm

= 623,757 $
pphm

∗See http://ec.europa.eu/environment/air/pdf/task2 nox.pdf. For example,
Selective Catalytic Reduction units could be installed.



Efficient Pollution Abatement

• Efficient abatement = 3.2 pphm = 1768 tons (65% reduction)
• Annual abatement cost = 3.2 pphm · 623,757 $/pphm =

$1,996,022
• Annual consumer benefit ≈ $1,996,022 + 1

2
· 3.2 · (1,315,980 −

623,757) = $1,996,022+ $1,107,557
• Annual surplus = $1,107,557
• Discounted surplus = 1

1−.91
$1,107,557 ≈ $12 million



Abatement of 80%

• Abatement of 80% implies A = 3.9 pphm
• Annual abatement cost = 3.9 pphm · 623,757 $/pphm =

$2,432,652
• Annual consumer benefit ≈ 3.9 · 441,468 + 1

2
· 3.9 · (1,315,980 −

441,468) = $1,721,725+ $1,705,298
• Annual surplus = $994,371
• Discounted surplus = 1

1−.91
$994,371 ≈ $11 million



Summary: Hedonic Market Method

1. Fit a hedonic regression, which is often in log linear form

logP = b0 + b1 log z1 + ...+ bN log zN + bX logX

• X is the pollutant. May be entered as X or
√
Xor X2 instead of logX,

whatever gives the best R2

2. Extract MWTA from the hedonic regression for each observation

MWTA = −
∂P

∂X

• Computed MWTA will vary by attributes and level of pollutant

3. Remove the variability in MWTA with a demand regression

logMWTA = a0 + a1 logX + a2 log(income)

• Use MWTA = exp (a0 + a1 logX + a2 log(income)) as the final esti-
mate of MWTA.

4. Choose a benchmark and convert to MWTP for abatement.



Criticisms of Residential Hedonic Regressions

• As with any regression, the regressors should be independent

of the error term

⊲ E.g. both income and pollution are higher in urban areas.

A national hedonic regression might reach the conclusion

that wealthy people prefer pollution.

• The two-step regression procedure – hedonic, demand – is

problematic statistically

⊲ Known as the generated regressor problem in statistics

⊲ Attempts to correct for the problem using simultaneous

equations methods may reveal that hedonic models are

poorly identified



Other Measurement Approaches

• Revealed preference

• Stated preference (contingent valuation)

• Value of a statistical life



Revealed vs. Stated Preference

• Revealed Preference (Indirect)

⊲ Economic choices about substitutes for or complements

of the nonmarket good tell us something about its value

⊲ Based on real economic behavior

• Stated Preference (Direct)

⊲ Individuals responses to survey questions directly state

their monetary values of nonmarket goods

⊲ Based on hypothetical economic behavior or laboratory

behavior



Contingent Valuation (Direct Methods)

• Individuals are asked to make willingness-to-pay responses

when placed in contingent situations

• Framing of environmental quality characteristic or health out-

come to be evaluated

• Design of survey (in person, phone, mail, ...)

• Sample selection

• Analysis of results

• Many obvious problems, but may be the best approach in

some cases



Contingent Valuation History

• First proposed in theory by S.V. Ciriacy-Wantrup (1947)

• First application by Robert K. Davis (1963) to estimate the

value hunters and tourists placed Maine Woods

⊲ Harvard Ph.D. dissertaion

⊲ Results correlated well with travel cost method.

• The Exxon Valdez oil spill in Prince William Sound was the

first case where contingent valuation surveys were used in a

quantitative assessment of damages.

• Usage has increased from that point on.



Contingent Valuation Concerns

• Strategic behavior

• Protest answers

• Response bias

• Respondents ignoring income constraints



Contingent Valuation Example

• Present results from in-class homework.



NOAA 1993 Recommendations
National Oceanic and Atmospheric Administration

• Personal interviews be used to conduct the survey, as opposed to tele-
phone or mall-stop methods.

• Surveys be designed in a yes or no referendum format put to the respon-
dent as a vote on a specific tax to protect a specified resource.

• Respondents be given detailed information on the resource in question
and on the protection measure they were voting on. This information
should include threats to the resource (best and worst-case scenarios),
scientific evaluation of its ecological importance and possible outcomes
of protection measures.

• Income effects be carefully explained to ensure respondents understood
that they were to express their willingness to pay to protect the particular
resource in question, not the environment generally.

• Subsidiary questions be asked to ensure respondents understood the ques-
tion posed.

Source: Wikipedia



A Freshwater Quality Questionnaire

1.How many people in this household are under 18 years of age?

2. During the last 12 months, did you or any member of your household boat,
fish, swim, wade, or water-ski in a freshwater river, lake, pond, or stream?

Here are the national water pollution goals:

Goal C — 99 percent of freshwater is at least boatable,

Goal B — 99 percent of freshwater is at least fishable,

Goal A — 99 percent of freshwater is at least swimmable.

3. What is the highest amount you would be willing to pay each year:

a. To achieve Goal C?

b. To achieve Goal B?

c. To achieve Goal A?

4. Considering the income classes listed in the accompanying card, what
category best describes the total income that you and all the members of the
household earned in 20 ?

Source: R. C. Cameron and R. T. Carson, Using Surveys to Value Public Goods: The

Contingent Valuation Method



Exxon Valdez

• Richard T. Carson, Robert C. Mitchell, Michael Hanemann,

Raymond J. Kopp, Stanley Pressr, and Paul A. Ruud (2003)

“Contingent Valuation and Lost Passive Use: Damages from

the Exxon Valdez Oil Spill” Environmental and Resource

Economics 25: 257286

• Go through Exxon-Valdez slides by Padraic Tremblay at

http://www.docfoc.com in class



Contingent Valuation Results



Contingent Valuation Results



Revealed Preference (Indirect Methods)

• Averting behavior (defensive expenditures)

⊲ Based on substitutes for the nonmarket good

• Weak complementarity

⊲ Based on complements of the nonmarket good

• Hedonic market methods

⊲ Based on market responses in the presence of the non-

market good



Averting Behavior for Drinking Water

• Boil tap water, purchase bottled water, install filtering sys-

tems, draw spring or underground water

• Um, Kwak, and Kim (2002): water in Pusan, South Korea

⊲ WTP for water that is “drinkable without any treatment”

= $4.10 to $6.10 per month per household (1998$)



Analytical Intuition

• Damage depends on pollution x and defensive spending z:

D(x, z)

⊲ As an example, think of D(x, z) as cancer risk

⊲ z (e.g. drinking filtered water) has a price but abatement

a of x does not

• Willingness to spend money on z implicitly tells us about

MWTPa for abatement



Averting Behavior Analytics

• The consumer’s problem

min
x,z

D(x, z) subject to (MWTPa)(BM − x) + (Pz)z = budget

• From the consumer’s problem (think of it as a firm mini-

mizing cost), we know ratio of marginal damages equals the

ratio of the “prices”

Dx(x, z)

Dz(x, z)
=

−(MWTPa)

Pz

• Thus,

MWTPa = −Pz
Dx(x, z)

Dz(x, z)

⊲ Assuming MWTPa is constant.



Why This is Powerful Stuff

• Aversion equation (repeated from previous slide)

MWTPa = −Pz
Dx(x, z)

Dz(x, z)
= Pz

Dx(x, z)

−Dz(x, z)
= Pz

Dx(x, z)

Bz(x, z)

• Dx(x, z) is the marginal damage to health from pollution

⊲ Observable – requires information from other scientists

• Bz(x, z) = −Dz(x, z) is the marginal benefit to health from

averting behavior

⊲ Observable – requires information from other scientists



Averting Behavior Analytics

In words:

The value of reducing cancer risk in drinking water by

one more unit is the price of water purification times

the increase in cancer risk from having more pollution

divided by the decrease in cancer risk from having more

water purification.



Weak Complementarity

• Averting behavior exploits the substitutability of market goods

for nonmarket goods

• Weak complementarity exploits the complementarity of mar-

ket goods with nonmarket goods

⊲ Specifically, we look at how an improvement in environ-

mental quality increases the purchased good



Complementarity Examples

• Travel cost method – time and travel cost expenses incurred

to visit a site represent the “price” of access to the site

• 1970s study of recreational value of Hell Canyon (Ore-

gon/Idaho) – estimated $900,000

• 1984 study of average annual benefits to all Maryland beach

users of the improvements in water quality – estimated $35

million

• 1990 study of WTP for river-based recreation near Denver,

Colorado – $26 per day (times 2 million people)



Value of a Statistical Life

• Another application of hedonic regression

⊲ Wages compensate individuals for the bundle of services

they provide

⊲ Each service has a hedonic price

• Use the wage premia in risky professions to infer the dollar

value of a death

• Value of a statistical life is the change in wage divided by the

change in probability of death



Example: Value of a Statistical Life

• Consider two workers with equal skills. Construction workers

in high rise and low rise

⊲ low rise, 45K per year, Pr(death) = 0.0001 per year

⊲ high rise, 50K per year, Pr(death) = 0.001 per year

V SL =
50,000− 45,000

0.001− 0.0001
=

5000

0.0099
≈ $5,050,000

• If risk is lifetime and wage is annual, must make the appro-

priate conversion



VSL Estimates



Cost per Life Saved



Shortcomings of VSL

• Heterogeneous risk preferences

• Cultural values of the profession

⊲ Fishing

⊲ Firefighting

⊲ Police officer

⊲ Soldier



Second Measurement Example

• WTP for clean-up of a hazardous waste dump in Acton,

Mass.

• The book “A Civil Action” by Jonathan Harr is based on this

case.

• The movie “A Civil Action” starring John Travolta as Jan

Schlichtmann and Robert Duvall as Jerome Facher is also

based on this case.


