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Valuing Environmental Damage:   
The role of economists 

• Oscar Wilde:  An economist is someone who 
knows the price of everything and the value of 
nothing. 

– Mr. Wilde is too kind, we don’t know the price of 
everything. 
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Possible Parties in Environmental Litigation 

Plaintiffs Claims 

The Public/Government on behalf of 
the environment (Land, Water, 

Plants, Animals)* 

Environmental injury 
requiring remediation 

or replacement 

Individuals or Classes of Businesses Lost profits 

Individuals or Classes of Consumers Lost benefits 

Defendants Counter-Claims 

Named and Unnamed Entities 
(firms, governmental units) 

No harm or not legally 
responsible 
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* Government claims can duplicate or displace some 
private party claims. 



The Nature of Tort and Environmental Claims 

Examples: Auto accident Groundwater Pollution  

Government/ 
Environmental 

Repair crash barriers Restore aquifer 

Direct injury Broken Leg Contaminated wells 

Risk/Dread Before-the-fact 
stress that limits 
driving 

Anxiety that contamination 
may reach well 

Stigma After-the-fact 
anxiety that auto 
repair is incomplete 

Anxiety that remediation is 
incomplete 

Non-use Separation anxiety 
from friends and 
relatives 

Stress about effect of 
contamination on micro 
organisms in soil 
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Legal and Economic Status of Environmental Claims 

Claims Legal Status  
(outside view) 

Economic Status 

Environmental 
and Direct Injury 
(e.g., lost profits) 

Compensable under 
environmental statue or 
common law 

Can usually be reliably 
quantified using 
standard, accepted 
economic methods 

Risk/Dread and 
Stigma 

Unresolved, 
controversial (e.g., 
mitigation, offset, 
indirect damage issues) 

Difficult to quantify, 
very difficult to align 
with legal categories 

Non-use/ 
Existence 

Unresolved, 
controversial and 
strongly contested 

Impossible to quantify 
using standard, 
accepted economic 
methods  
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Clarification:  Environmental Risk/Dread and Stigma Claims 

• You are a homeowner in an area where a plume of contaminated 
groundwater has been announced. 
– Risk/Dread Claim:  I am harmed by worry that my well will become 

contaminated. 
– Stigma Claim:  I am harmed by reduced value of my property due to worries of 

potential buyers that remediation has not removed all risk.   

• Both claims are the result of personal probability judgments which may be 
realistic (e.g., consistent with scientific opinion) or unrealistic. 

• These claimed harms are associated with observable economic 
consequences such as personal lost value from panic sale of house, reduced 
opportunity to refinance or sell due to lower market values.  

• Legal Question:  What parts of Risk/Dread and Stigma harm are 
compensable under environmental law, and how can these parts be 
identified and quantified? 
– Treatment of risk/dread claims in cases where harm is never realized or never 

could have been realized? 
– Treatment of claims that arise from unrealistic probability judgments? 
– Treatment of claims that could have been mitigated (e.g., panic sales)? 
– Definition of plaintiff classes and treatment of offsetting effects (e.g., when 

property values fall, sellers lose, but buyers gain)? 
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Clarification:  Non-Use/Existence Claims 

• A claimed non-use harm is one that induces no 
observable change in the economic behavior of 
consumers, and is therefore not quantifiable 
through conventional economic analysis that infers 
consumer welfare from changes in market behavior. 
– Example:  A claim that U.S. consumers are harmed by 

damage to a coral reef in an area of the South Pacific that 
is permanently closed to tourism. 

• Economists have produced and critiqued valuations 
of claimed non-use harm.  Question:  Do economists 
qualify as experts on damages that cannot be 
deduced from observable economic behavior?  And, 
if not them, then who? 
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What makes Environmental Damages Special? 

• Risk/Dread, Stigma, and Non-Use claims are analogous to “Pain and 
Suffering” in conventional personal injury cases, which can encompass 
physical pain and also emotional and mental injuries such as fear, 
insomnia, grief, worry, inconvenience, and loss of the enjoyment of life. 
– There are no strict rules for putting a dollar value on pain and suffering in a 

personal injury case. 
– In contrast, environmental legislation may allow Risk/Dread, Stigma, and 

Non-use claims, but to this point the case law (as viewed by this economist) 
seems to exclude claims that cannot be reliably quantified. 

• Unlike conventional torts, environmental law does not necessarily restrict 
recovery to individuals directly harmed, or require that directly harmed 
individuals be made whole.  
– For example, if a claim is upheld that the class of anglers resident in a state 

have been harmed by closure or reduced catches in contaminated streams, 
damages may be awarded to trustees for that state and used for projects to 
remediate riparian damage or improve angler access for all anglers in the 
future, not just those the claim identifies as having been harmed in the past.  

– Consideration of non-use/existence claims appears to be unique to 
environmental law. 
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Economic Methods for NRDA 

1. Economic analysis of environmental damages 

2. Implementation:  Hedonic Price Method 
– Example:  Cook v Rockwell 

3. Implementation:  Travel Cost Method 
–   Example:  State of Montana v ARCO (1984, 1997, 2007). 

4. Stated Preference Methods 
a. History and experience 

b. Current practice 

c. Experiment:  Saving offshore seabirds in California 

d. Critique 

5. Summary 
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1. Conventional Economic Analysis of 
Environmental Damage Claims 

• Economists mostly agree on fundamentals, dispute 
the details of implementation. 
– Environmental injury claims advanced by government that 

can be rectified by remediation or replacement, and 
business lost profit claims, involve scientific and 
accounting issues, and occasionally economics when there 
are issues of substitution and mitigation. 

– Direct economic and health injury claims by consumers, 
plus risk/dread and stigma claims where the law allows, 
are the focus of most economic expert testimony.   

– Flash points for dispute are the qualifications of experts, 
identification of but-for conditions, data collection 
methods, and data analysis methods. 11 



Consumer Surplus (WTP)  

Fundamental concepts: 

• Consumers have a level of satisfaction or utility 
that depends on their income, and on prices 
adjusted for environmental quality. 

• Environmental injury if proven increases quality-
adjusted price and lowers utility in the as-is state 
relative to the but-for state. 

• Consumer surplus (WTP) is the increase in 
income following an increase in quality-adjusted 
price that restores as-is utility to its but-for level. 

12 
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Measuring WTP 

• Some (non-controversial) technical adjustments 
are needed to make the definition of WTP precise. 

• The primary challenges in valuation of claims are 
in determining quality-adjusted “As-Is” and “But-
For” prices, and quantities demanded at various 
prices. 

• Expert disputes arise primarily on identification of 
the “But-For” state:  
– Best practice is usually to contrast the alleged target 

population with unaffected controls that are displaced 
in time, space, or both, with statistical methods to 
remove confounding spatial/temporal effects.   
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2. Hedonic Price Method (HPM) 

• Example – Groundwater contamination:  If two properties, 
one in a “target” area where damage is claimed, the other 
in an unaffected “control” area, are identical in all other 
respects, then the difference in post-announcement selling 
prices is the pecuniary loss to pre-announcement owners.  

• Natural experiment:  Control for confounding effects using 
difference-in-difference (DID) design (control vs. target 
areas, before/after vs. during the claimed injury). 

• Hedonic regression across target and control areas and 
periods of market price on observed house attributes and 
area and time indicators will minimize confounding of the 
effects of the claimed injury with other housing market 
effects, and allow recovery of quality-adjusted prices. 15 



Neighborhood 0 Neighborhood 1 

Price = $100,000 Price = $100,000 

Two identical neighborhoods before the announcement 
of groundwater contamination in neighborhood 0. 
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Neighborhood 0 Neighborhood 1 

Groundwater 

Contamination 

Price = $90,000 Price = $100,000 

Mean loss in neighborhood 0 is 
estimated by HPM to be $10K.  
Exact if aversion to hazard is 
homogeneous among 
consumers, and other income 
and price effects are negligible. 
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Example:  Cook v. Rockwell (Rocky Flats)  

• Claim:  Residents in the Rocky Flats Arsenal watershed 
were injured by release of plutonium and other 
contaminants over the period of operation as a nuclear 
weapons facility.  In addition to health claims, lost 
property values were claimed for a class of property 
owners in the area. 

• Both plaintiffs and defendants used economic experts 
who conducted HPM analysis of housing prices in the 
area and in control areas before, during, and after the 
period of contamination and remediation. 

• A major dispute between experts was the selection of 
control areas and properties, which influenced 
calculation of “But-For” prices  and estimates of the 
magnitude and duration of claimed stigma effects.  
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Issues in the HPM Analyses 
• Property prices in the injured area dropped after announcement of 

contamination, returned to trend and ended stigma effects a few 
years after complete remediation.  Direct health injury not proved.  

• Who was injured?  Owners at announcement had risk/dread and 
stigma claims, and those who sold before return to baseline also had 
direct injury claims.  Purchasers after announcement bought low at 
prices reflecting injury and were unharmed.  

• HMP measures pecuniary loss.  For these losses, one person’s loss is 
another person’s (i.e., the buyer) gain.  Net damage will depend on 
the legal treatment of consumer classes and whether post-
announcement buyers are in the class. 
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3. Travel Cost Method (TCM) 

• User value of a resource not directly priced can 
sometimes be inferred from market demand for 
complementary market goods. 
– Example:  The price of recreational fishing is the money and 

time cost of travel to a fishing site, quality-adjusted for the 
attractiveness of fishing at the site.  Angler reluctance to travel 
to a site with an alleged environmentally injury reflects the 
value the angler places on this apparent injury. 

• If site choice maximizes utility, then a discrete choice 
model can be estimated and used to determine demand 
at allegedly injured sites versus more costly substitutes 
as a function of quality-adjusted prices. 
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Example:  State of Montana vs. ARCO (1984, 1997, 2007) 

• Started in 1895, Anaconda Copper mines near Butte, Montana were the 
world’s largest, with the Rothschilds and the Rockefellers as major 
investors during the Gilded Age.  The company continued to be a major 
producer into the 1950s.  It was purchased by ARCO in 1977 and merged 
into ARCO in 1981 with environmental liabilities for the mines. 

• The mines operating under the environmental laws of their day left the 
Upper Clark Fork river basin and other areas contaminated with heavy 
metals.  In 1983, the State of Montana (joined later by the EPA) sued 
ARCO under state and national superfund statues for environmental 
damage and restoration costs in the Upper Clark Fork river basin. 

• Economic experts on both sides of the case made quantitative estimates 
of the harm to anglers from contamination of the river basin, and the 
benefits of restoration. 
– Disputes between experts centered on data and modelling assumptions, 

differences in WTP estimates were modest and explainable. 
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Upper Clark Fork Basin 
Superfund Site 
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Choice among Trout Fishing Destinations Allows 

Estimation of WTP for Restoration 

• Kenneth Train (1998) Recreation Demand Models with Taste 
Differences over People, LAND ECONOMICS, 74, 230-239, 
has estimated consumer values for fishing in the Clark Fork 
river basin in Montana. 

• Train uses a mixed multinomial logit model, with 238 
anglers, 59 sites, 962 trips. 

• References: 
– D. McFadden (1974) Conditional Logit Analysis of Qualitative Choice 

Behavior, in P. Zarembka (ed.), FRONTIERS IN ECONOMETRICS, 105-
142, Academic Press: New York. 

– D. McFadden (1987) Regression-Based Specification Tests for the 
Multinomial Logit Model, JOURNAL OF ECONOMETRICS, 34, 63-82. 

– D. McFadden and K. Train (2000) Mixed MNL Models for Discrete 
Response, JOURNAL OF APPLIED ECONOMETRICS, 15, 447-470.   
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WTP distribution from Train study 

WTP for 330 
more fish per 
km of stream 

Flat 
MNL 

Mixing 
MNL 
10% 

Mixing 
MNL 

 Mean 

Mixing 
MNL 
90% 

Estimate $1.40 $0.12 $1.44 $3.62 

Std Error n.a. 0.08 0.28 0.53 
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The model results give a basis for determining WTP for 
restoration (e.g., capping and containing mine tailings to 
prevent further stream contamination). 



Issues in TCM Analyses 

• Conventional TC models require extensions to handle 
family and sub-family decisions and WTP, multiple 
trip decisions, mode, duration, and activity choices 

• Careful and behaviorally relevant measures of times 
and costs are needed.  Legitimate income effects at 
the level of the individual need to be carefully 
isolated from indirect and ecological effects. 

• Preference heterogeneity needs to be modeled.  Use 
of money-metric transformations of utility to get 
stable distributions of taste parameters. 
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Recent Advances in TCM 
• Mixed MNL choice models account for preference 

heterogeneity 
• Recent computational advances in Hierarchical 

Bayes estimation methods  (i.e., Allenby-Train and 
NUTS samplers) allow fast estimation of very large 
problems, give results close to classical maximum 
likelihood estimation 

• Damage analysis from TC models requires careful 
attention to prospective anticipated versus 
retrospective experienced well-being, and to 
aggregation of compensating variations across 
observationally equivalent consumer classes 
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In simple cases, get elegant formulas for damages 

• Damages are a weighted average over consumer 
types and tastes of the log of the ratio of the 
before and after probabilities of going to 
unaffected sites 

• MacNair approximation:  When the probabilities 
of visiting affected sites are small, damages are a 
type and taste weighted average of the after 
minus before difference in probabilities of going 
to the affected sites 

• In the presence of legitimate income effects, a 
few iterations give estimates of damages 
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Limitations of HPM and TCM 

• In applications, HPM and TCM are usually market-
specific, and do not account for general 
equilibrium effects (e.g., impact of changes in 
Montana angling conditions on recreation activity 
in other states) 

• HPM and TCM can detect only welfare effects that 
leave a clear trace in market behavior 
– If utility decreases for example due to a perceived 

threat of climate change or species loss, but these 
environmental worries have no impact on market 
good demands, then claims for these effects cannot be 
quantified using HPM or TCM. 
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4. Stated Preference Methods (SPM) 

• Economists in a variety of contexts have designed and 
introduced “artificial” or “experimental” markets to 
allocate resources or infer preferences in circumstances 
where there are no real markets operating: 
– Markets for emission permits to control total SO2 emissions 

– Experiments in which consumers choose among products that 
are not necessarily available on the same terms in real markets 
(e.g., existing cell phone brands with new product features) 

• A fundamental question:  Under what circumstances and 
designs are choices in experimental markets predictive for 
real market behavior, and reliable for valuation of 
environmental claims? 
– For non-use claims, an even deeper question is what empirical 

evidence can be used to determine reliability? 
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Some History of SPM 

• Direct elicitation of preferences was proposed by psychologist 
Leon Thurstone in 1932, but criticized and dismissed by leading 
economists of that day (Hotelling, Frisch, Friedman). 

• SPM was reintroduced in a theory of conjoint measurement by 
psychologists Luce, Krantz, and Suppes in the 1960’s. 

• Conjoint measurement was adapted by market researchers in 
the 1970’s and named Conjoint Analysis.  The method had an 
uneven record for predicting new product demand. 

• Conjoint Analysis was refined and melded with choice theory by 
Moshe Ben Akiva and myself. (D. McFadden, 1986, " The Choice 
Theory Approach to Market Research," MARKETING SCIENCE, 5, 
275-297), and this approach is now standard in market research. 

• A valuation method developed by environmental economists 
along lines suggested by Ciriacy-Wantrup in 1947 and known as 
Contingent Valuation is a truncated version of conjoint analysis.   
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What Determines How Well SPM Works? 

• Verisimilitude:  Does the subject in an experimental 
market have an experience that is enough like a 
real market to induce comparable task definitions 
and choice behavior? 

• Information:  Does the subject have the same 
information, channels for acquiring information, 
and decision time, as in a real market?  Does 
experimental manipulation of the consumer mimic 
real market manipulation? 

• Incentive Alignment:  Does the subject face price 
incentives and budget choices like those in a real 
market? 
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Market Research Experience 

• SPM exhibits a reliability gradient, predicting well when 
subjects are dealing with familiar products, a familiar 
information environment, and aligned economic incentives, 
and poorly when aligned economic incentives are absent or 
when products are unfamiliar or ambiguous. 

• References: 
– Ding, M., R. Grewal, J. Liechty (2005) Incentive-Aligned Conjoint Analysis Journal of 

Marketing Research, XLII, 67–82 

– Miller, K.; R. Hofstetter, H. Krohmer, and Z. Zhang (2011) How Should Consumers’ 
Willingness to Pay Be Measured? An Empirical Comparison of State-of-the-Art 
Approaches, Journal of Marketing Research XLVIII, 172 –184 

– Mayor, K.; S. Scott; R. Tol (2007) Comparing the travel cost method and the 
contingent valuation method: An application of convergent validity theory to the 
recreational value of Irish forests, Working Paper, The Economic and Social 
Research Institute (ESRI), Dublin, No. 190. 

– McFadden, D. (2009) The Human Side of Mechanism Design: A Tribute to Leo 
Hurwicz and Jean-Jacques Laffont, Review of Economic Design13.1-2, 77-100. 
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Issues in SPM valuation of non-use claims 
• Non-use “products” such as species survival are at an extreme end of the 

reliability gradient for SPM, offering unfamiliar alternatives that have 
ambiguous attributes, social and moral dimensions that complicate the 
cognitive task subjects face, and a lack of plausible aligned incentives. 

• Experiments have tested necessary conditions for SPM to be consistent 
with preference-maximizing choices, and in many cases SPM for non-use 
“products” fail these tests.  
– Academic publication and citation of findings in the environmental literature 

on SPM valuation of non-use claims have been largely controlled by 
proponents of contingent valuation methods, and suggest levels of accuracy 
and reliability that in my opinion are not scientifically justified.  

• WTP estimates for non-use claims from SPM data are quite sensitive to 
the design of conjoint analysis experiments, and there are no broadly 
accepted objective benchmarks for the design of SPM experiments, or 
criteria for determining whether WTP estimates from a given SPM 
experiment are accurate.  
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Psychological Problems in SPM 

• Experimental evidence is that decision-makers are 
more sensitive to context and less unremittingly 
optimizing than rationality requires.  Cognitive 
anomalies are common and visible particularly in 
choices among unfamiliar goods with ambiguous 
private and social benefits, misaligned incentives.  

• Unfamiliar, experimental non-market settings 
without incentive alignment invite responses that 
are influenced by factors other than the ostensible 
task of preference maximization, and are 
susceptible to cognitive anomalies.  The 
manipulability of stated preference experimental 
designs for non-use claims is likely to produce 
divergent results that are unhelpful for resolution 
of non-use claims.  
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Anchoring:  An Experiment on CVM 

• Donald Green, Karen Jakowitz, Danny Kahneman, Daniel McFadden 
(1998) Referendum contingent valuation, anchoring, and willingness to 
pay for public goods, Resource and Energy Economics 20, 85–116, gave 
subjects a question on WTP to save seagulls, and questions about height 
of tallest redwood tree, gasoline consumption per month, annual rainfall 
at the wettest spot, WTP for highway safety improvements. 

• The WTP questions were designed solely for the experiment, and do not 
correspond to any real environmental policy issue or legal proceeding. 

• Subjects visiting a science museum were divided into control and 
treatment groups.  Control groups, surveyed first, were asked open-
ended questions.  From their responses, rounded-off approximations to 
the 25, 50, 75, 90, and 95 quantile responses were calculated.  Five 
treatment groups were then asked referendum questions (Yes/No on 
whether value exceeds prompt), with prompts at one of these quantiles, 
randomly assigned.   

• Differences between control and treatment groups show the effect of 
elicitation format and of anchoring to the prompts. 
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The seagull question in the Anchoring Experiment 

• Question:  “What value would your household place on saving 
about 50,000 seabirds each year from offshore oil spills?” 
Several million seabirds live off the California coast 

- Few people see them 

- Small oil spills kill estimated 50,000+ seabirds per year 

- Solutions to prevent deaths are expensive, extra funds would be 
required 

- Usually not possible to force tanker companies to pay 

- Public money would have to be spent yearly to save the birds 

• “Are you willing to pay [$25] per year?”  [Y/N]  “What amount would 
you be willing to pay?” 
– Note:  The description of the cause and effect of the harm, and the 

efficacy of remediation, were given to subjects without further 
information on whether they are realistic, and no attempt was made to 
provide incentives for truthful response.  Then this experiment is 
informative on the effects of anchoring and on the comparability of 
cognitive response to WTP and estimation tasks, not necessarily 
informative on the magnitude of anchoring effects in other conjoint 
analysis designs to elicit non-use values. 
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Results of the Anchoring Experiment 

• Referendum responses show an anchoring effect, with 
higher pluralities for “yes” at higher prompts.  These 
produce a non-parametric estimate of $167 for mean 
WTP in the treatment group, compared with a mean of 
$64 in the control group, statistically significant.  The 
mean of $64 applied to all California residents implies 
they would pay $30,000 per offshore seabird saved. 

• Anchoring effects for WTP are qualitatively similar to 
anchoring effects for unfamiliar estimation tasks, 
suggesting that similar cognitive processes are involved. 

• The anchoring effects are large, and statistically 
significant.  Comparing open-ended and follow-up 
responses, the median WTP in the control group is $25, 
and median WTP in the treatment group varies from $10 
when the prompt was $5 to $50 when the prompt was 
$400.   
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Comments on the SPM Reliability Gradient 

• Subjects approach CV questions like school tests, 
cast about for “correct” answers by making 
inferences on what the experimenter is looking 
for.   
– They may “solve” problems other than recovering and 

stating their true preferences.   

– While some may use their responses to air opinions, 
most give honest answers, but not necessarily to the 
question posed by the experimenter.   

– Instead of indicating the alternative they most prefer, 
subjects may indicate the one that to them seems the 
most feasible, the least cost, the best bargain, or the 
most socially responsible. 
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Conclusions 

• HPM and TCM are conventional, proven tools for 
estimating consumers’ values for environmental claims 
that are reflected in market behavior and linked to 
market outcomes.  However, both methods need to be 
employed carefully and cautiously, with a critical eye to 
the question of whether they deliver reliable measures 
useful for conflict resolution in environmental litigation. 

• SPM has not been proven reliable for valuation of non-
use claims in environmental litigation, even though it can 
be usefully predictive for demands for familiar market 
goods.  My judgment based on the evidence so far is that 
it will not be possible to develop SPM that are reliable for 
valuation of non-use claims.  In my opinion, economists 
should not offer valuations of non-use claims based on 
SPM experiments unless they have a much stronger 
scientific foundation than they have currently. 
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