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Executive Summary 

Natural resource valuation has always had a fundamental role in the 
practice of cost-benefit analysis of health, safety, and environmental 
issues. Today, this role is becoming all the more apparent in the con- 
duct of natural resource damage assessments (NRDA) and cost-benefit 
analyses of environmental restoration (ER) and waste management 
(WM) activities. As such, environmental professionals are more inter- 
ested in how natural resource values are affected by ER and WM activi- 
ties. This professional interest extends to the use of NRDA values as 
measures of liability and legal causes of action under such environ- 
mental statues as the Clean Water Act (CWA); the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA, as amended); and the Oil Pollution Act (OPA) of 1990. 
Also, environmental professionals are paying closer attention to NRDA 
values in cost-benefit analyses of risk and pollution-abatement 
standards, and in meeting environmental and safety standards - for 
instance, the attainment of dose limits as low as is reasonably 
achievable (ALARA). This handbook reviews natural resource 
valuation techniques that may be applied to resources at DOE sites 
within the foregoing contexts. 

At the onset, the authors wish to emphasize what this handbook is and 
what it is not. It is not an effort to provide a comprehensive review of 
environmental benefit valuation studies. Rather, the selection of case 
material is an attempt to exemplify where field studies of natural 
resource values can play an important role in ER and Wh4 activities at 
federal facilities. For this reason, the discussion is aimed at 
noneconomists and pays specific attention to the more basic economic 
principles and techniques that are currently used by leading practi- 
tioners in the estimation of natural resource values. Box illustrations of 
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case studies are used to highlight the application of these methods by a 
number of leading practitioners. The discussion does not recommend 
the use of any one method over another, nor does it analyze the 
correctness of any one application. Instead, the aim is to provide an 
overview of the applicability of the various methods to particular 
situations that may be relevant to ER and WM activities at federal 
facilities. 

Federal agencies and environmental contractors are in the process of 
responding to changing trends and protocols in assessing natural 
resource damages. Specifically, these include assessing “nonuse val- 
ues” in the evaluation of restoration alternatives, estimating com- 
pensable values for damages sustained by natural and environmental 
resources, and complying with risk and performance-based environ- 
mental standards. The new emphasis given to nonuse values as com- 
ponents of the natural resource damage assessment process will no 
doubt motivate many state-of-the-art applications of resource valuation 
techniques. Environmental professionals recognize the stakes of incor- 
porating these unconventional values in resource damage assessments 
and the role of state and federal governments in seeking damages from 
potentially responsible parties. Accordingly, the interest of the U.S. 
Department of Energy (DOE) in the applicability of resource valuation 
techniques is well-founded. 

In response to this interest, the authors provide an objective overview of 
resource valuation techniques and describe their potential role in 
environmental restoration/waste management ( E W )  activities at 
federal facilities. With environmental professionals in mind, the 
objectives of this work are to increase awareness of the viability of 
resource valuation techniques; to explain the potential application of 
NRDA values; and to describe, where appropriate, the potential 
difficulties and uncertainties associated with NRDA valuation 
techniques. This handbook considers five general classes of valuation 
techniques: 1) market-based techniques, which rely on historical 
information on market prices and transactions to determine resource 
values; 2) nonmarket techniques that rely on indirect estimates of 
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Introduction 

The Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) authorizes the President of the United States 
to designate federal officials who would act as trustees of publicly 
owned natural resources. In the case of the US. Department of Energy 
(DOE), Executive Order 12580 recognizes the Secretary of Energy as 
the primary Federal Trustee for natural resources located on, over, or 
under land administered by DOE. Consequently, as DOE proceeds 
with the cleanup of its sites across the nation under CERCLA and other 
environmental protection statutes, field offices must be sensitive to the 
impacts of environmental restoration (ER) and waste management 
(WM) activities on natural resources. Environmental professionals 
realize many of their decisions will affect the use of natural resources 
now and in the future and are aware of the increase in public concern 
over potential injuries sustained by natural resources. They are paying 
closer attention to natural resource values in cost-benefit analyses of 
risk and pollution-abatement standards, and in meeting environmental 
safety standards, for instance, the attainment of dose limits as low as 
reasonably achievable (ALARA). The purpose of this handbook is to 
describe the key concepts and techniques that are used in the valuation 
of natural resources and their application to resources at DOE facilities. 

Background 

Interest in natural resource valuation has been heightened by recent 
regulatory developments in resource damage assessments under 
CERCLA. Damage assessments are conducted to determine the extent 
of injury to natural resources and to calculate compensatory monetary 
damages. The new protocols in the damage assessment process are 
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helping delineate appropriate measures of compensation for injury to 
natural resources. In addition, they have also broken new ground by 
focusing on injuries that may remain after site restoration activities are 
completed. These developments have increased the role of natural 
resource valuation techniques in determining the magnitude of 
monetary damage claims under CERCLA (as amended). 

The original regulations for conducting resource damage assessments 
prescribed that public trustees of natural resources use the lesser of 
restoration costs or foregone use values as the basis of measuring nat- 
ural resource and environmental damages. Nonuse values were con- 
sidered only as a last resort, when no use values could be measured. 
These conventions were rearranged by judicial decision in State of Ohio 
v. the U.S. Department of Interior (1989), which broadened the scope 
of nonuse values to situations in which these values can be reliably 
measured. The new protocols include the recognition of nonuse values 
in the evaluation of restoration alternatives, compensable values, and 
preliminary estimates of damage sustained by natural and environ- 
mental resources. 

Analysts recognize the increased concern for nonuse values as a 
component of the natural resource damage assessments (NRDA) 
process and the stakes of incorporating nonuse values in damage 
assessments. Meanwhile, the greater public interest in preserving 
natural and environmental resources (environmental ethics) has led to 
new applications of resource valuation methods that are increasingly 
sensitive to nonuse values. Examples include the growing interest in 
preserving natural resources for present and future generations through 
the American Indian Religious Freedom Act, the National Historic 
Preservation Act, and the Archaeological Resources Protection Act. 

These social and cultural movements suggest increased opportunities 
for stakeholders to reflect their value for natural resources in public 
decision-making and the resolution of environmental conflicts. 
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In complying with environmental statutes, DOE’S stewardship role in 
protecting natural resources has become a public focal point. As the 
DOE recognizes the public interest in its environmental clean-up 
activities, environmental contractors must remain responsive to the 
extensive set of rules that implement major federal environmental 
statutes, such as the National Environmental Policy Act, the Clean Air 
Act, and the Clean Water Act. In addition, DOE staff and contractors 
involved in environmental restoration activities must remain responsive 
to other administrative rules and actions, such as Executive Order 
11988 (Floodplain Management), Executive Order 11990 (Protection 
of Wetlands), and the Endangered Species Act. In complying with 
these and other policy initiatives, DOE and its environmental contrac- 
tors will have a significant impact on the monetary value of natural and 
environmental resources. Ultimately, the monetary value of such 
resources may reflect on how well DOE meets its trustee responsibili- 
ties as a steward of natural resources as it remediates and restores sites 
and decontaminates facilities. 

Approach 

This handbook provides an overview of current natural resource valua- 
tion methods, focusing on their applicability in the field operations of 
federal agencies. Unfortunately, much of what is written on resource 
valuation methodology stems from a technical literature which field 
professionals may find difficult to apply. The authors attempt to bridge 
this gap by targeting environmental managers and policy makers, the 
stewards of natural resources. No assumptions are made about the 
readers’ familiarity with the conceptual underpinnings of economic 
valuation methods or how applicable these valuation tools are in the 
preparation of regulatory compliance documents. 

By interpreting valuation methods in an applied context, the authors 
intend to provide noneconomists with greater awareness of the tech- 
niques that are used and the current issues, trends, and decisions that 
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affect their use. Examples of issues and concerns that DOE field 
offices could face in the near future include the following: 

valuation of cost-benefits in health, safety, and 
environmental risk standards 

valuation of ecological resources, such as wetlands 
or arid lands 

new approaches in resource valuation or the NRDA 
process 

growing awareness of stakeholders over health, 
safety, and environmental risks. 

By explaining these valuation questions, the authors seek to give the 
reader a better feel for the use of economic valuation tools in qualitative 
and quantitative assessments of natural resource values. Here, an effort 
is made to review natural resource valuation techniques from a federal 
agency perspective. Through its field offices, DOE is the steward of a 
wide m y  of natural resources, encompassing large tracts of undevel- 
oped lands, extensive watersheds and forests, and diverse wildlife. 

Although the focus of this handbook is on conventional economic 
valuation methods, it is readily acknowledged that conventional econ- 
omics offers only one approach to natural resource valuation. Altema- 
tive disciplinary perspectives cannot be ignored. Therefore, the authors 
include ecological economics as an emerging discipline. Overall, the 
methods and case studies considered here were chosen by the authors at 
the Pacific Northwest National Laboratory‘” and at the Battelle, Seattle 
Research Center. 

(a) Pacific Northwest National Laboratory is operated for the U.S. Department of 
Energy by Battelle under Contract DE-AC06-76RLO 1830. 



Natural Resource Valuation 
Techniques 

This section describes methods used in the valuation of natural and 
environmental resources and resource services. Examples are used to 
illustrate their potential applicability in a variety of situations, such as 
land valuation upon completion of restoration activities or water valua- 
tion following the prevention of toxic discharges. The key is to esti- 
mate the demand for the beneficial uses or services that natural 
resources provide individuals and communities. Where markets for the 
resource or its services exist, assessment is relatively straightforward. 
An example would be a local real estate market. Observations on the 
number and value of transactions provide information about the 
people’s willingness to pay for land and the quantity of land changing 
hands. These market data provide a means through which to deduce the 
market demand curve and the actual payments made during a given 
period of time. 

When a market such as this exists, it is relatively easy to apply market- 
based techniques to measure value. These techniques include the 
market price approach, the appraisal method, and the replacement cost 
method. Otherwise, when market data is not available, valuation 
requires the use of nonmarket techniques to derive information on indi- 
vidual willingness to pay. The most widely recognized nonmarket tech- 
niques include the travel cost method, the hedonic price method, and 
the contingent valuation method. Also, cross-cutting methods have 
been used as a way to combine market-based and nonmarket methods 
of valuation, such as the benefit-transfer method or the unit-day value 
method. Finally, other recent approaches have focused on the valuation 
of ecological functions. Table 1 provides an overview of these 
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Table 1 Valuation Techniques, Benefit Types, 
and Selected Case Studies 

Economic Valuation 
Techniaues Twes of Benefits Selected Case Studies 

Market price approach 

Appraisal methods 

Resource replacement cost 

Travel cost method 

Random utility models 

Hedonic price method 

Factor income approach 

Contingent valuation method 

Benefit-transfer method 

Unitday value method 

Ecological valuation approach 

RecreationaVexistence value 

"Fair market values" of land 

Groundwater resource values 

RecreationaUexistence values 

RecreationaUexistence values 

Groundwaterhand value 
Human healthkalue of life 

Fresh water supply 

Usdnon-use values 

Air quality/visibility 

Recreational value 

Gross primary energy value and 

Loornis and Anderson (1992) 

Scott et al. (1 997) 

Shechter (1985) 

Scott et al. (1997) 

Morey et al. (1991) 

K ~ M ,  and Smith (1992) 
Viscusi (1 990) 

None considered 

Kopp and Smith (1992) 

Ulibam and Ghosh (1995) 

Loornis and Anderson (1992) 

Constanza et al. (I 989) and 
intrinsic value scott et at. (1997) . 

techniques and the types of benefits that are examined below. Specific 
consideration is given to each of these valuation techniques with the aid 
of box illustrations of selected case studies. 

The natural resource valuation techniques identified in Table 1 provide 
a relatively broad picture of the economic thinking that goes into the 
monetary valuation of natural resources. However, a further point 
should be made. Despite considerable progress over the last twenty 
some years, the monetary valuation of natural resources (or environ- 
mental commodities) remains in a state of flux. The natural resource 
valuation techniques considered in this handbook are no exception. 
Thus, although monetary estimates of natural resource values are given, 
they should be regarded as approximations - at best, an order-of- 
magnitude indication of the actual numbers. Unfortunately, there is 
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hardly any research to refer to which has attempted to validate or 
compare the monetary value estimates identified in this handbook. As 
such, it is difficult to measure the range of uncertainties that underlie 
these estimates. For this reason, the authors have not adjusted any of 
the monetary values for inflation; for to do so would, in the words of 
Allen Kneese, “confer on them an unfounded degree of accuracy.” 

Market-Based Techniques 

The pioneers of natural and environmental resource valuation relied on 
the “law of demand” as a way to measure the market values for natural 
resources and environmental amenities. While the same is true today, 
the degree of sophistication in the measurement of these values has 
increased considerably. Three market-based techniques that have 
recorded a significant history of natural and environmental resource 
valuations are described here: the market price approach, the appraisal 
method, and resource replacement costing. 

Market Price Approach 

Demand for natural resources is measured on the assumption that many 
factors that might influence demand, such as personal income, the 
prices of related goods and services, and individual tastes and prefer- 
ences, remain unchanged during the study period. Under these assump- 
tions, the estimated demand curve is a systematic measure of how 
people value the resource. To illustrate, Figure 1 shows that 
20,000 acres of land were sold at a market price of $1500 per acre. In 
the course of these land transactions, $30.0 million exchanged hands in 
the land market, Le., 20,000 x $1500. Had land become increasingly 
scarce, this scarcity would ultimately be reflected in higher land prices. 
Either fewer people would purchase the land, or the same people would 
purchase less land. 



Figure 1 Demand, Supply, and Marl 
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Now, consider the total area beneath the demand curve up to 
20,000 acres, as defined by A+B. This area measures the value of 
the resource in terms of the maximum willingness to pay for the 
20,000 acres of land. The total willingness to pay for 20,000 acres is 
calculated by adding up what was actually spent in buying the land, A = 
$30 million, plus the additional triangular area B, which defines 
consumer surplus. Consumer surplus is the difference between 
people’s maximum willingness to pay for 20,000 acres of land (A+B) 
and what they actually paid (A). In essence, the area gives a dollar 
measure of satisfaction that people received from the land, less what 
they actually pay for it. 

As a dollar measure of individual welfare, consumer surplus and 
expected consumer surplus are satisfactory for most studies, and many 
analysts have found them to be good empirical approximations of more 
theoretically desirable measures. Evaluating consumer surplus requires 
data of market transactions for varying prices and quantities, as well as 
information on personal income and the prices of related goods and 
services. People’s expenditures on resources would be an inappropriate 
measure of willingness to pay because it omits the consumer’s surplus 
from the overall valuation. 

Producer surplus and economic rent are two other measures of the 
benefits (or damages) associated with natural resources and resource 
services. Producer surplus measures monetary gains from the produc- 
tion of natural resources, which is the difference between revenues 
(C+D) and the economic costs of producing these resources (D). Sim- 
ilarly, economic rent measures monetary gains from using natural 
resources as factors of production, which is the difference between the 
actual payments made in using resources and the lowest payment that 
their owners would have been willing to accept in supplying these 
resources or resource services. Thus, producer surplus refers to the 
sellers’ gains from trade in the product market, while economic rent 
measures the sellers’ gains from trade in the input market. Accord- 
ingly, the use of producer surplus or economic rent in resource 
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valuation problems depends on whether the natural resource is consid- 
ered as a final product or as an input in the production of a final 
product. 

Example 1 : Market Price Approach to Measuring 
Producer Surplus 

In 1987, a truck carrying a hazardous substance called Vitavax 200 (a fungicide) 
overturned, spilling over 200 gallons of Vitavax 200 into the Little Salmon River in 
Idaho. The Little Salmon River contains a variety of fish, including steelhead trout. At 
the time of the spill, most of the steelhead were either wild fish or what was referred to 
in this case as natural fish (a naturally spawned fish with at least one ancestor being a 
hatchery fish). 

The State of Idaho filed suit in the U.S. District Court of Idaho against the truck owner 
and the transportation company (Southern Refrigerated Transport) under Section 107 
of the Comprehensive Environmental Response, Compensation, and Liability Act; the 
Idaho Hazardous MaterialsMazardous Waste Transportation Act; and the Idaho 
Environmental Protection and Health Act. Idaho, which claimed that the fungicide 
killed over 90 percent of the fish in the Little Salmon River, sought damages for injury 
to its natural resources (fish), reimbursement for the costs incurred to clean up the 
spill site and assess the damages, and relevant civil penalties. These injury claims 
were based on the notion that reduced incomes or rents to resource producers (or 
trustees) provide a basis for estimating compensable values in natural resource 
damage assessments. 

Loomis and Anderson (1992) on behalf of the plaintiff determined that losses were 
incurred by the State of Idaho as a producer of recreationally caught steelhead, by 
anglers for lost recreational use, and by the general public through their existence 
values. In order to determine the lost value to the State of Idaho of reduced salmon 
stocks, they used market techniques to determine producer values. Total revenue for 
the steelhead was identified as the price times quantity of steelhead produced. 
Loomis and Anderson relied on the American Fisheries Society estimates (1982) of 
values per steelhead in each size class to arrive at an initial total revenue. This value 
was adjusted upward to reflect the doubled survival rate of wild and native steelhead 
that were represented by the fish killed as compared to survival rates of pure hatchery 
steelhead. However, because the wild steelhead reproduce naturally in the Little 
Salmon River, there is little direct cost (beyond the opportunity costs of river flows, 
etc.) to the State of Idaho. Therefore, the entire total revenue was taken as net 
economic loss or producer surplus foregone to the State of Idaho. 

Source; American Fisheries Society. 1982. Monetary Values of Freshwater fish and 
Fish-Kill Counting Guidelines, Bethesda, Maryland; and Loomis, J., and Anderson, P. 
1992. ldaho v. Southern Refrigerated in Natural Resource Damages: Law and 
Economics, Ward and Duffield (ed.), John Wiley and Sons, Inc., New York. 
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Referring again to Figure 1, producer surplus is shown by the area C, 
which is bordered by the resource supply curve and the market price of 
the resource, P = $1500. This measure reflects changes in the availabil- 
ity of the natural resource. For example, if the natural resource were 
damaged, its supply curve would shift leftward and producer surplus 
would diminish. A similar description could be given to natural 
resource damages that result in a reduction in economic rent. Here, the 
damages would be incurred by the owners of the resources. As in the 
case of measuring the consumer surplus, both producer surplus and 
economic rent require historical information on the market prices and 
quantities of natural resources. In addition, the measures of producer 
surplus and economic rent require information relating to the konomic 
costs of producing and/or supplying the resource to the market. 

Appraisal Method 

Appraisal methods are particularly well suited to cases involving natu- 
ral resources that have been damaged. In the case of land, for example, 
the appraiser identifies the fair market value for comparable properties 
in both the uninjured and injured conditions. The fair market value of 
the resource (land) is roughly defined as the amount a knowledgeable 
buyer would pay a knowledgeable seller for the resources. This value 
should reflect, as closely as possible, the price at which the resource 
would actually sell in the market place at the time of the injury. 

The application of appraisal methods would seem to hold particular 
promise in DOE natural and environmental resource planning and 
guidance. Appraisal methods for resource valuation work have been 
found to be reliable under the Department of Interior’s and the National 
Oceanic and Atmospheric Administration’s natural resource damage 
assessment regulations. However, the point to keep in mind is that the 
method is, in fact, quite dependent on the appraiser’s judgment. It may 
be very difficult to identify comparable sales, particularly for properties 
that are “comparably” injured. In addition, the types of natural 
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resources to which this method can be applied are limited since many 
natural and environmental resources are not traded in markets. Never- 
theless, appraisal methods are applicable to soil and water treatment at 
federal facilities. Therefore, it is instructive to consider a notable 
protocol in applying appraisal methods. 

At present, the U.S. Department of Interior suggests that land appraisal 
methods be conducted in accordance with the “Uniform Appraisal 
Standard for Federal Land Acquisition” (CFR 1991). The Interagency 
Land Acquisition Conference has developed a hierarchy of data to be 
used by appraisers. This hierarchy, ranked from most preferred to least 
preferred, includes prior sales of the same resource, prior sales of an 
. identical resource, and prior sales of “comparable” resources. The 
Conference notes that an appraiser is likely to use a combination of the 
three types of data. 

Example 2: Appraisal Method 

Scott et al. (1997) estimated the ”fair market value” associated with shrub-steppe 
conversions based on sample data from Benton-Franklin Counties of eastern 
Washington State. The data were obtained from the Benton County Assessor‘s 
Office and represent sales transactions in Benton County involving 7700 acres 
during the 1993-1994 calendar year. The sample was selected to ensure the 
identification of recent patterns in the regional development of shrub-steppe land. 
Consequently, the sample contained 17 transactions of property for residential 
andlor commercial development (urban use) and 31 transactions involving property 
destined for agricultural development (agricultural use). The authors categorized 
the sales of predisposed agricultural land according to whether it was irrigated, or 
whether it would be used as dry pasture land or dry farm land. The sampling of real 
estate transactions found that shrub steppe for urban development had the highest 
average value, $9208 per acre. Dry pasture land had the lowest average value, 
$67 per acre. Meanwhile, irrigated farm land sold for $1484 per acre. 

Source:: Scott, M.J., et al. 1997. The Valuation of Ecological Resources and 
Functions.” Environmental Management (forthcoming). 
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Resource Replacement Cost Method 

The costs of replacing natural and environmental resources are some- 
times a useful way of approximating resource values under specific 
conditions. The resource replacement cost method determines damages 
for natural resources based on the cost to restore, rehabilitate, or replace 
the resource or resource services without injury to the level of the 
resource stock or service flow. In instances where the underlying 
resource is not unique and substitutes are readily available, the applica- 
tion of the replacement cost method is relatively straightforward. The 
investigator proceeds by gathering a sample of values for the substitutes 
from primary or secondary source information. Based on this sample of 
cost information, the analyst then prepares an estimate of the most 
likely range of expected replacement costs for the underlying resource 

Example 3: Resource Replacement Cost Method 

Shechter (1985) applied the replacement cost method at the Price Landfill in New 
Jersey to obtain cost estimates of alternatives to deal with groundwater contamina- 
tion. Estimates were based on infomation obtained from the U.S. Environmental 
Protection Agency (1978) and Environmental Science and Technology (1980). 
Excluding excavation and reburials, the estimated costs ranged from $5 million to 
$8 million (in 1980 dollars) and included containment and management of the plume, 
along with the performance of water treatment until the aquifer had been purged of 
noxious substances. If excavation and reburial were undertaken as part of the 
restoration process, the researchers suggest that the period of plume management 
and groundwater flow control could be shortened, but that total cost would rise by 
about $15 million to $18 million. Other site restoration activities included in their 
estimation focused on securing alternative sources of water to meet Atlantic City's 
water demand for the foreseeable future. These included cost estimates for the 
development of a well field to replace four threatened wells, varying between 
$6.5 million and $9.3 million. The researchers omitted other administrative costs from 
consideration in applying the method, such as the costs of undertaking various 
federal, state, and local studies on the landfill problem, and the attendant litigation 
costs that might be involved. It was believed that these administrative costs had the 
potential to raise the total cost by another $1.5 million. 

Sources: Shechter, M. 1985. "Economic Aspects in the Investigation of 
Groundwater Contamination Episodes," in Gfound Water, Volume 23, Number 2, 
US. Environmental Protection Agency. Guidance Manual for Minimizing Pollution 
from Waste Disposal Sites, EPA 6OO/2-78-142, Washington, D.C. Environmental 
Science and Technology. 1980. Groundwater Strategies, Vol. 14, pp. 1030-35. 
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or service. This process may be far more difficult to implement in 
instances where resources possess unique characteristics. In these 
cases, little information exists to assemble a sample upon which to esti- 
mate the expected value of the underlying resource. 

While the replacement cost approach has been used in court settlements 
for damaged resources, there are problems concerning the interpretation 
of its meaning. For example, resource replacement cost can be viewed 
as merely a convenient measure for compensation without implying 
actual restoration of the natural resource to its previous state. Altema- 
tively, it can be viewed as including the costs of actually restoring the 
natural resource habitat to its previous state and then replacing damaged 
organisms. Another disadvantage of the replacement cost method is 
that it is argued to be an arbitrary valuation of natural resources that 
may bear little relationship to true social value. The resource replace- 
ment cost method requires data on the costs to restore, rehabilitate, or 
replace injured or lost resources and resource services. 

Non mar ket Valuation: Indirect Tee h n iques 

Using market-based techniques to measure the monetary value of 
natural resources is feasible provided there is sufficient market data. In 
many cases, however, market information relating to prices and quanti- 
ties is not available to estimate the value of the resource or resource ser- 
vice. In these cases, researchers must employ what are referred to as 
nonmarket valuation methods. These methods include indirect tech- 
niques that rely on observable behavior in order to deduce how much 
something is worth to individuals. Value estimates obtained using 
indirect nonmarket valuation techniques are conceptually identical to 
the otherwise unobservable market value. The indirect nonmarket 
valuation techniques considered in this section include the travel cost 
method, the random utility method, the hedonic pricing method, and the 
factor income method. 
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Travel Cost Method 

The travel cost method is popular for describing the demand for the 
natural resource service(s) and environmental attributes of specific 
recreational sites. Designated wilderness areas, ecological parks, 
fishing and hunting sites, and scenic sites are examples. People visit 
such sites from diverse distances or points of origin. This observed 
“travel behavior” is then used to evaluate the willingness to pay to visit 
the site; essentially, the different travel costs from these diverse points 
of origin serve as proxies for willingness to pay to visit the site. 
Intuitively, one would expect that the environmental attributes of sites 
influence the use of these sites. As such, changes in visitation rates 
may reflect changes in the quality of natural resources particular to the 
site, thereby providing an estimate of the value of changes in natural 
resource and environmental quality. 

By gathering information on the number of visits to a particular site, the 
analyst can estimate a demand function for the site that relates the num- 
ber of site visitations to the amount of travel costs incurred per visit, 
taking into consideration a set of independent household variables. If 
first-hand information on individual visitation rates is not available to 
the analyst, users of the site can often be grouped into travel zones 
around a site. Variations in visitation rates across zones can then be 
used to estimate the site demand function. In this way, travel cost 
models provide benefit measures for changes in environmental quality 
found at sites, based on the observed behavior of recreational site users. 
Among the key advantages of applying the method at DOE sites is its 
adaptability to many environmental quality issues where changes in 
quality affect the desirability of potential recreation sites. 

In addition, the travel cost method can be easily implemented using 
phone, onsite or mail surveys, or site registration data. In some cases, 
survey data may be available from local, state, and federal resource 
management agencies to obtain travel cost estimates of site values. The 
technique is generally not perceived as being particularly controversial, 
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partly because of its long history in forestry economics, but mostly 
because it mimics common empirical techniques used elsewhere in 
economics. Analysts have tended to look favorably on the travel cost 
approach to natural resource valuation because it is based on actual 
behavior rather than verbal responses to hypothetical scenarios. 
Individuals are actually observed spending money and time, and their 
economic values are deduced from their behavior. In appropriate 
circumstances, travel cost models can often be applied without enor- 
mous expense. 

The greatest disadvantage of travel cost and other indirect techniques is 
that they cannot be used unless there is some easily observable behavior 
that can be used to reveal values. In addition, travel cost models can be 
technically and statistically complicated. Data must be employed to 
statistically estimate increasingly sophisticated econometric models that 
take into account sample selection problems and nonlinear consumer 
surplus estimates. In addition, the resulting estimates sometimes have 
been found to be rather sensitive to arbitrary choices of the functional 
form of the estimating equation, the treatment of the value of an indi- 
vidual’s time, the existence of multiple stops during the travel period, 
and the recognition of substitute sites. Finally, the travel cost approach 
requires that the analyst be in a position to correlate environmental 
changes with the behavior of visitors. Example 4 provides an illustra- 
tion of the method, taking these caveats into account. 

Random Utility Models 

Random utility models are conceptually linked with the travel cost 
models in that they seek the same sorts of values and use the same sort 
of logic. However, random utility models provide a different structure 
in which to model recreational demand, one which focuses attention on 
choices among substitute sites for any given recreational trip instead of 
the number of trips taken to a given site. These models are especially 
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Example 4: Travel Cost Model 

Scott et al. (1997) used the travel cost method to estimate willingness to pay for 
upland bird hunting in Benton-Franklin Counties in eastern Washington state. 
Valuation data were obtained from the Washington State Department of Fish and 
Wildlife (Upland Game Division) and the "1991 Washington Survey of Fishing, 
Hunting, and Wildlife Associated Recreation." The authors apportioned travel by 
upland bird hunters to Benton-Franklin Counties into five zones based on state 
averages: those that travelled less than 25 miles to their hunting site, between 
25 and 50 miles, between 50 and 100 miles, between 100 and 250 miles, and 
over 250 miles. 

The authors estimated that the average cost per small game hunter in 1991 was 
$1 93, and assumed that this cost varied in proportion to distance travelled to 
Benton-Franklin Counties. Given the latter assumption, they estimated an 
average cost per zone by multiplying the average cost of $1 93 by the ratio of the 
median distance in each zone to the average distance travelled. Using this esti- 
mation of travel costs, willingness to pay for hunting shrub-steppe dependent 
game birds was estimated for the individual hunting zones and then aggregated 
across zones to obtain a willingness-to-pay estimate of $3.2 million in annual 
recreational benefits. 

Source: Scott, M. J., et al. 1997. The Valuation of Ecological Resources and 
Functions." Environmental Management (forthcoming). 

suitable when substitution among quality-differentiated sites is a pre- 
dominant characteristic of the problem. That is, this type of model is 
particularly appropriate when there are many substitutes available to the 
individual and when the change being valued is a change in the quality 
characteristics of one or more site alternatives. 

Random utility models originated in the transportation literature 
(McFadden 1981; Ben-Akiva and Lerman 1985) and only recently have 
been applied to recreation issues. Applications include studies of ski 
areas in Colorado and coastal fishing sites in Oregon (Morey 1981; 
Morey et al. 1991) and an extensive model of sport fishing in south- 
central Alaska (Carson et al. 1987). The random utility model has been 
used chiefly to value changes in the specific characteristics of a site 
such as catch rates or water quality. These site characteristics, included 
in the estimation, are instrumental in explaining how individuals 
allocate their trips across sites. The random utility model can also be 
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used to value the losses from eliminating a site as well as the value of 
introducing a new site, something beyond the scope of travel cost 
models. 

Example 5: Random Utility Modeling 

Morey et al. (1 991) considered the demand for, and benefits from, marine recrea- 
tional fishing along the Oregon coast. The study estimated consumer surplus of 
different individuals relative to changes in species availability (particularly salmon) 
due to changes in ecological conditions in the Columbia River. The data for this 
analysis were obtained from a 1981 National Marine Fisheries Service intercept 
survey along the Pacific coast. Anglers were interviewed at numerous fishing sites 
along the Oregon coast. Information was collected about their trip and their catch, 
but not their distribution of trips across sites. Other angler-specific information 
collected included county of residence, expense of the trip, and total number of 
trips during the last 12 months. The average per-trip costs (travel cost plus the 
value of time) in the sample of anglers varied from $4.83 to $329.24, depending 
on the county of origin and their final destination. The authors reported consider- 
able variation in catch rates across sites, modes of fishing, and fish species. Many 
of the catch rates were assumed to equal zero because not all species are 
available at the various fishing sites. The largest catch rate was reported to be 
6.85 for rockfish from charter boats in Coos Bay. 

Morey et at. used a discrete-choice random utility model to estimate the number of 
times an individual will participate in a given type of site-specific activity and which 
site will be selected on each trip, given different supply conditions for the natural 
resource. The individual consumer's surplus was measured by the "ex-ante 
seasonal Compensating variation," which reflected changes in such characteristics 
as personal household income. For example, the consumer's surplus from visits 
to Clatsop County was associated with the elimination of either on-shore, off- 
shore, or all fishing opportunities in the county. Each individual's measure of 
consumer's surplus for the fishing season was then obtained by multiplying their 
seasonal consumer's surplus by the estimated number of seasons. 

The study found that an angler from Clatsop County will pay $1 11.62 before the 
season starts to be able to fish from an on-shore mode in Clatsop throughout the 
season. An angler from Tillamook will pay $67.52 for the same option, but an 
angler from Cuny County will pay only $5.88. These differences in value illustrate 
that an angler will pay for the opportunity of fishing at a site/mode that heJshe 
might actually never visit, but the amount is small unless there is a significant prob- 
ability that the angler will visit that site/mode. Multiplying each individual com- 
pensating variation by the number of anglers in a county and summing across 
counties gives an estimated aggregate yearly compensating variation of $4.2 rnil- 
lion for the elimination of all the modes in Clatsop County. This is an estimate of 
how much all of the anglers in Oregon would have paid for the option of going fish- 
ing in Clatsop County in 1981. 

Source: Morey, E. R., et al. 1991. "A Discrete Choice Model of Recreational 
Participation, Site Choice, and Activity Valuation When Complete Trip Data Is Not 
Available." Journal of Environmental Economics and Management 20:181-201. 

. 
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Unlike travel cost models, however, random utility models cannot 
explain the total number of trips an individual takes to a given site in a 
season. Nonetheless, random utility models would seem to provide a 
useful technique for comparing benefits of site restoration or decontam- 
ination activities across waste sites at federal facilities. To the best of 
our knowledge, no such applications have been undertaken. 

Hedonic Price Method - Amenity Value 

Hedonic pricing is a useful tool in the assessment of amenity value. 
Early analysis related residential property values to neighborhood 
amenities. These models provided an inferential measure of people’s 
willingness to pay for the amenity under study. The method is used 
mostly to estimate the willingness to pay for variations in property 
values due to the presence or absence of specific environmental attri- 
butes, such as air quality, noise, and panoramic vistas. By comparing 
the market value of two properties having different degrees of a specific 
attribute, analysts extract the implicit value of the attribute to property 
buyers and sellers. A variation on the approach is to compare the price 
of a single piece of property over successive sales. By correcting for 
other factors that might have influenced the value of the property, the 
analyst can isolate the implicit price of an amenity or bundle of ameni- 
ties that have changed over time. 

Consider the impacts of the completion of a DOE environmental 
restoration activity on the price of neighboring land. At one time, the 
proximity of the parcel of private property to an abandoned DOE waste 
site may have reflected the disamenities of living in a hazardous envi- 
ronment. Years later, upon restoration of the site, the hedonic model 
would suggest an implicit value for DOE investments in environmental 
improvements. Similar analogies can be drawn in relation to the esti- 
mation of monetary damages to natural resources from environmental 
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disamenities, or the monetary benefits of investing in their improve- 
ment. Accordingly, hedonic pricing methods appear to be well suited 
to DOE planning work involving Environmental Impact Statements 
(EISs) and Natural Resource Damage Assessments. 

However, the reader should be made aware of caveats pertaining to the 
values obtained from hedonic price functions. In particular, the 
resource values that are obtained directly from the estimated hedonic 
price function are subject to fairly restrictive assumptions. It may be 

necessary to employ additional information from multiple commodity 
markets relating to the resource under consideration. Overall, the 

resulting hedonic price will depend on the availability of market infor- 
mation pertaining to the resource, and the revelation of buyer and seller 
preferences through market behavior. Market data on property sales 
and characteristics are available through real estate services and munici- 
pal sources and can be readily linked with other secondary data sources. 
Despite these positives, a guarded interpretation of the estimated wel- 
fare changes is recommended. Estimation and interpretation of these 
measures can be complex and the data requirements demanding, and 
there is a need to control for many important socio-demographic 
characteristics. 

Hedonic Price Method - Value of Life 

Hedonic pricing methods have also been applied in the estimation of 
economic damages associated with occupational health and safety risks 
and are becoming more widely accepted in the determination of per- 
sonal injury awards in liability cases. Application in this branch of the 
hedonic valuation literature often refers to the “value of life” or the 
“hedonic value of life.” Clearly, there is no such thing as a unique 
value of life. Consequently, meaningful estimates of the hedonic value 
of life vary according to the specific context under consideration. For 
one, it must be made clear whose value is under consideration: Is it a 
worker who understands and accepts a healtWsafety risk, or is it a 
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Example 6: Hedonic Price Method - Amenity Value 

The hedonic method was used in the Eagle Mine case (Kopp and Smith 1992). 
The plaintiffhmstee, the state of Colorado, contended that operation of the Eagle 
Mine facility near Gilman, Colorado, resulted in release of a variety of hazardous 
substances into the groundwater and the Eagle River and may have affected 
some portions of public land adjoining the river. These effects arose primarily from 
the disposal of mine tailings. As a direct result of the release, the trustee 
contended, several services provided by the Eagle River diminished both in quality 
and quantity. These services included recreational activities on the river, such as 
fishing and boating, and recreational activities near the river, such as hiking and 
camping. Moreover, because of these releases in the river, the plaintiff argued, its 
aesthetic quality had been impaired, leading to a decline in the value of adjacent 
properties. Finally, some private wells used for drinking water were thought to 
have been contaminated. 

To evaluate the natural resource damages associated with these effects, the 
trustee used methods based on US. Forest Service estimates of the values per 
day of alternative recreational experiences ($1 4 per day for water-based recreation 
and $9 per day for nonwater-based recreation), two contingent valuation surveys, 
and a hedonic property value model. The hedonic price model was based on 
responses to the survey of Eagle County residents who answered a question 
about the purchase price for their homes, which were situated within 25 miles of 
the Eagle Mine. A variable indicating whether the home was within six miles of the 
mine was used to represent the effects of the mine. The objective of this model 
was to obtain estimates of damage due to possible contamination of local drinking 
water supplies and to blowing dust from the Eagle Mine tailing piles. 

Unfortunately, the hedonic technique fails to capture all aspects of this proximity to 
the Eagle Mine. Moreover, because the differences in property values due to 
proximity to the Eagle Mine represent capitalized differences in the flow of services 
from the injured natural resources, the results of the hedonic model represent the 
present value of all perceived future damages. Nonetheless, the results of the 
study suggest a property devaluation amounting to $24,400 for properly located 
within six miles of the Eagle Mine. Because 500 residences were located within 
the six miles, the plaintiff claimed an aggregate damage estimate of $12.2 million. 

Source Kopp, R. J., and V. K. Smith. 1992. “Eagle Mine and ldarado.” In Natural 
Resource Damage: Lawand Economics, K. M. Ward and J. W. Duffield (ed.), 
John Wiley and Sons, lnc., New York, pp. 365-388. 

passer-by who is unaware of the risk but nevertheless is predisposed to 
some adverse health impacts? Moreover, does the hedonic value under 
consideration concern the prevention of adverse health consequences 
from a potential accident, or does it concern an after-the-fact compensa- 
tion to be given to survivors of an accident? To better understand the 
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significance of these questions, it is instructive to clarify the concepts 
that are involved by distinguishing between two basic hedonic damage 
values: the insurance value and the deterrence value. 

Insurance value is the amount that an individual is willing to pay to 
ensure a preferred level of welfare, assuming a) that they fully under- 
stand the risk to which they are predisposed and b) that the costs of 
buying insurance are in perfect correspondence to the specific risk 
under consideration. Meanwhile, deterrence values are used by leading 
practitioners as the appropriate measure of compensation value that 
should be charged from the standpoint of the accident victim. The 
amounts generally exceed the insurance value, as these tend to reflect 
individual attitudes towards all consequences of the risk. This would 
include the value that the individual has attached to the risk of experi- 
encing the injury, losing income as a result of the injury, and losing the 
ability to enjoy life. 

Conceptually, these two hedonic value-of-life measures can be used to 
determine the amount of compensation required to make the accident 
victim(s) whole by either restoring or maintaining a benchmark pre- 
accident level of welfare. One of the most important results identified 
in the literature is that workers who are predisposed to a typical occupa- 
tional injury would select an amount of insurance compensation below 
that which would be required to completely restore their pre-accident 
level of welfare. 

To illustrate the potential applicability of hedonic value methods, con- 
sider the accompanying example, which involves estimating the mone- 
tary benefits of meeting regulatory safety or compliance standards, such 
as the attainment of ALARA dose limits. In considering this example, 
the reader should keep in mind that there are added ambiguities in 
determining hedonic value-of-life estimates in the context of human 
health risks accompanying environmental restoration and waste man- 
agement activities. More specifically, there is apt to be a varying 
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income approach. While the method of factor income is’not as well- 
defined or widely referenced as the hedonic price or travel cost method- 
ologies, it is recognized by the U.S. Department of Interior’s natural 
resource damage assessment regulations. 

There are several types of resources for which the factor income 
approach is potentially well-suited, including surface water and ground- 
water resources, forests, and commercial fisheries. Surface and 
groundwater resources may be inputs to irrigated agriculture, to 
manufacturing, or to privately owned municipal water systems. The 
products in these cases (agricultural crops, sawlogs, manufactured 
goods, and municipal water) may all have market prices. Similarly, 
commercial fishery resources (fish populations or stocks) are inputs to 
the production of a catch of saleable fish. A variation on this theme 
may be useful for valuing damages to water resources. 

In cases involving damages to water resources that are used in produc- 
tion processes, for example, one might identi@ the incremental cost of 
treating water sufficiently to return it to the pre-release water quality 
level. For example, a manufacturer who already engages in some form 
of water treatment as part of its production process might experience 
increased treatment costs because of hazardous substance releases 
upstream. If all other things are unchanged (product price, the mix of 
inputs in the production process, output levels), then the increased cost 
per unit of “clean water” provides a measure of lost factor income. 
This approach is convenient in that the costs of treating water are sep- 
arated from other production costs incurred in the manufacturing 
process. Similarly, the example suggests that treatment costs might be 
applicable to a wide variety of situations of interest to DOE field 
operations. 

There are, however, potential problems in applying the factor income 
approach. First, a particular treatment option might not be the least-cost 
or optimal response on the part of the water-using entity. For example, 
it might be cheaper to change the production process, buy municipal 
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water or otherwise obtain a different source of water, or make other 
changes to the equipment or materials used. In this case, changes in 
water treatment costs may overstate damages. Second, it is possible 
that other things may change, particularly price and output levels. 
These potential problems can complicate the analysis and require the 
researcher to obtain additional technical information concerning the 
supply and demand of the underlying resource or resource service. 

Nonmarket Valuation: Contingent Valuation 

Given the potential shortcomings in applying indirect nonmarket valua- 
tion techniques, researchers have advanced the use of a more direct 
approach, namely contingent market valuation. Contingent market 
analysis has estimated a wide variety of use and nonuse values. 

The most obvious way to measure nonmarket values is to ask people 
how much they would be willing to pay for the resource or avoid any 
damages that might be sustained by the resource. Alternatively, one 
could ask how much people would be willing to accept as compensa- 
tion for damages to the resource. Measures obtained using this techni- 
que rely on people’s hypothetical willingness to pay rather than actual 
market-information on their behavior: hence, the term contingent valua- 
tion (CV). The contingent valuation method is a survey-based 
approach to the valuation of nonmarket goods and services. It uses 
questionnaires to elicit information about the preference-related value 
of the natural resource in question. The value is said to be contingent 
upon the existence of a hypothetical market as described in the survey 
put to respondents. In principle, contingent valuation could be used to 
estimate the economic value of almost anything. By default, it is the 
only method that holds the promise of measuring nonuse values since 
all other methods depend on observing actual behavior associated with 
the natural resource. 
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Contingent valuation surveys may be conducted as face-to-face inter- 
views, telephone interviews, or mail surveys based on a randomly 
selected sample or stratified sample of individuals. Face-to-face 
interviews are the most expensive survey administration format, but 
they are generally considered the best, especially if visual material 
needs to be presented. The central goal of the survey is to generate data 
on respondents’ willingness to pay for (or willingness to accept) some 
program or plan that will impact their well-being. 

Each respondent is given information about a particular problem. Each 
is then presented with a hypothetical occurrence (e.g., specie endanger- 
ment) or a policy action that ensures against the disaster (e.g., specie 
protection). Each respondent is asked how much hdshe would be will- 
ing to pay either to avoid the negative occurrence or bring about the 
positive occurrence. The means of payment (i.e., the payment vehicle) 
can take on any number of different forms, including a direct tax, an 
income tax, or an access fee. The actual format may take the form of a 
direct question (“‘how much?”), a bidding procedure (a ranking of alter- 
natives), or referenda votes. Using a referendum to elicit values is 
preferred because it is the one that people are most familiar with. 
Resulting data are then analyzed statistically and extrapolated to the 
population that the sample represents. These responses are gathered 
dong with socio-demographic information and test statistics required to 
determine the consistency of responses and the sensitivity to scope. 

When conducted according to the exacting standards of the profession, 
these studies can be very expensive because of the extensive pre-testing 
and survey work. In addition, while this technique appears easy, its 
application involves numerous technical challenges. For example, 
applications of the method are prone to strategic biases on the part of 
respondents or to structural problems in the design of the questionnaire 
(Mitchell and Carson 1989). Question framing, mode of administra- 
tion, payment formats, and interviewer interactions can all affect the 
results of contingent market valuation (Cummings et al. 1986). 
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The quality of a contingent valuation survey questionnaire is sensitive 
to the amount of information that is known beforehand about the way 
people think about the underlying natural resource. Certainly, prior 
information on the ecological attributes or environmental qualities of a 
particular resource are critical factors in conducting a successful contin- 
gent valuation survey. The key point is that, while all the information 
necessary for assessing an individual’s value of the resource is collected 
in the survey, the analyst must also be able to identify a truly repre- 
sentative sample of well-informed respondents in order to allow 
extrapolation to the general subject population. Thus, infomation on 
who uses the resource and who knows about it is critical. 

Cross-Cutting Methods 

At the present time, there is considerable professional interest in natural 
resource valuations that are based on cross-cutting methods. These 
valuation techniques combine elements from market-based methods 
with pre-existing estimates of natural resource values based on either 
direct or indirect nonmarket valuation techniques. The interest in 
applying cross-cutting techniques is motivated by the relative simplicity 
of using a pre-existing study based on an accepted method, as well as 
the cost considerations in undertaking a fresh natural resource valuation 
study. Two cross-cutting resource valuation techniques that have 
gained increased professional attention due to their simplicity and econ- 
omy of application are discussed here: benefit transfer and unit day 
value. 

Benefit Transfer 

Benefit transfer is the use of the estimated values or demand relation- 
ship in existing studies to evaluate a site or event for which no site- 
specific study is available. Given the expense andtime associated with 
the estimation of values of nonmarket natural resources and services, 
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Example 9: Benefit Transfer Method 

Ulibarri and Ghosh (1995) provide a willingness-to-pay estimate to reduce high 
particulate matter (PM,,) levels using the benefit-transfer method. Their 
application focuses on willingness-to-pay estimates for improved visibility in 
Benton-Franklin Counties in eastern Washington state. The authors’ estimates 
are based on key parameter values derived by Rowe et al. (1980) using a CV 
survey instrument. In using the Rowe et al. parameter estimates, the authors note 
that their commodity specification (quality of visibilii) is similar to the one 
evaluated by Rowe et al. However, to capture the aesthetic realities of the study 
site, the authors obtained daily observations of PM,, levels over the period 1990- 
1994 from the Benton-FranWin County Clean Air Authority. In addition, the authors 
adjusted the various independent variables identified in Rowe et ai. using county- 
level census data on the urbanhral population, age distribution, ethnicity and 
gender, and the levels of household income. Upon making these adjustments, the 
authors found a measure of the collective willingness to pay across 54,000 
household in the Benton-Franklin area of approximately $364,395 per exceedance 
day, i.e., a day on which PM,, levels equal or exceed 150 micrograms per meter, 
the safe minimum standards under the Environmental Protection Agency‘s 
National Ambient Air Quality Standards. 

Source: Ulibarri, C. A. and S. Ghosh. 1995. ”Benefit-Transfer Valuation of 
Ecological Resources.” Pacific Northwest National Laboratory, Richland, 
Washington; and Rowe et al. 1980. “An Experiment on the Economic Value of 
Visibility.” Journal of Environmental Economics and Management, 1-1 9. 

benefit transfer may be a reasonable method by which to determine 
such values under well-defined conditions. The analyst should consider 
all available estimates at the onset of the study. Each estimate should 
be evaluated by comparing the methodology and results of the original 
studies that may have been undertaken in selecting one that best 
matches the policy study under consideration. The following criteria 
have proved to be potentially useful in making this determination: 

purpose of original value estimates 

user group(s) considered 

geographic area 

nature of substitutes in the initial study area 
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demographic and socio-economic characteristics 

baseline conditions 

specific or unique problem that may be influenced 
by the magnitude of the estimates 

general attitudes, perceptions, or levels of 
knowledge 

omitted variables described above. 

Once a final set of values has been chosen, consideration should be 
given to the general magnitudes of the values. If the existing value 
estimates differ SignificGtly, or if values generated using alternative 
models differ significantly from one another, consideration should be 
given to whether they differ in a predictable and consistent manner. In 
many cases, the defensibility of the transferred economic benefit esti- 
mate will depend on the quality of the underlying research. There are 
no globally accepted, standard criteria by which the quality of existing 
studies can be judged. Decision-makers should, therefore, seek the 
guidance of the professional and academic economics community 
concerning the current minimum conditions for accurate use of the 
benefit transfer method. 

Unit Day Value Method 

The unit day value method is similar to the benefit transfer method, 
except that an average value is derived based on multiple value esti- 
mates from existing studies. Consequently, the unit day value of the 
underlying resource reflects a resource having average preference- 
related attributes, amenities, or qualities. Any of the valuation 
approaches described above can potentially serve as underlying studies 
from which unit day values are drawn. The application of the unit day 
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Example 10: Unit Day Value Method 

As in many small natural resource damage cases, Loomis and Anderson (1992) relied 
on existing data and previously estimated equations and values to determine the 
value of recreational fishing lost as a result of the 1987 spill of Vitavax 200 (a 
fungicide) in Idaho’s Little Salmon River. In attempting to assess damages, Loomis 
and Anderson found there were no economic valuation studies directly related to the 
Little Salmon River. To keep assessment costs low, the decision was made not to 
perform a new study specific to the Little Salmon River but rather to rely on the 
existing economic survey data. They used a travel-cost demand analysis for several 
segments of the main Salmon River above and below its confluence with the Little 
Salmon River, previously undertaken by Donnelly et al. (1985). These data had been 
collected and analyzed as part of an interagency state-federal research effort 
spanning 1982 to 1985. The survey design and travel cost methodology used in the 
study followed the spirit of the US. Water Resources Council Principles and 
Standards. 

The sample was drawn from a list of individuals who had purchased an Idaho 
steelhead tag for the 1982 season. The combined mail and telephone survey of 427 
anglers had a response rate of 100 percent. The travel-cost equation and associated 
values per trip had been peer-reviewed prior to publication as a US. Forest Service 
Experiment Station Bulletin. The available data had been used to estimate a simple 
quality-augmented zonal travel-cost demand curve. Specifically, one multi-site pooled 
regional travel-cost demand was estimated for the 11 sections of the Salmon, 
Clearwater. and Snake Rivers where steelhead fishing was allowed in 1982. Using 
this demand curve, a value of $25.94 per trip had been calculated for the segment of 
the Salmon River just downstream from the Little Salmon River. The authors 
recalculated the per-trip value of $25.94 to a value per steelhead, using information 
that it took 1.36 trips per steelhead caught. This resulted in a value per steelhead of 
$35.28. Updating this value from 1982 dollars to 1987 dollars yields $41.52 per fish. 
With average catch rates, half of the 1688 returning adult steelhead would be 
recreationally caught. Therefore, the value of the 844 steelhead that were lost due to 
the spill that would have otheMlise been caught was $35,045. 

Sources: Loomis, J., and Anderson, P. 1992. “Idaho v. Southern Refrigerator.” In 
Natural Resource Damages: Law and Economics, Ward, K. M. and Duffield, W. J. 
(ed.) Wiley Law Publications, New York, pp. 389-414; and Donnelly, D. M., J. B. 
Loomis, C. F. Sorg, and L. J. Nelson. 1985, Net Economic Value of Recreational 
Steelhead Fishing in Idaho. US. Forest Service Bulletin RM-9, Rocky Mountain 
Forest and Range Experiment Station, Fort Collins, Colorado. 



32 I Valuation Techniques 

value method may also involve groups of experts attempting to interpret 
from the existing set of estimates (regardless of method used in the 
original study) a best estimate for each of a set of generic types of envi- 
ronmental resources or activities. The unit day value approach then 
combines and converts these estimates into a standardized unit of meas- 
ure that reflects the average value of one unit of the resource on a per- 
day basis. 

In some cases, unit day values head part-way toward a reasonable 
benefit transfer approach by developing general categories across 
activity types or geographical locations. However, unlike benefit 
transfer, there is no attempt to identify previous studies for comparable 
sites. For example, the U.S. Water Resources Council guidelines 
provide unit values across fairly broad activity types and settings. 
Similarly, the U.S. Forest Service has developed unit values that are 
specific for activity types and Forest Service regions. However, the 
analyst must exercise caution when applying such unit day values, 
insofar as they may reflect a biased selection of studies that reflect 
poorly on the existing economic value of the natural resource. 

Ecological Valuation 

The conventional natural resource valuation techniques described above 
have made little progress in providing a framework to assess the mone- 
tary value derived from ecological functions. One reason is that ecolog- 
ical functions are often overlooked in terms of providing preference- 
related value to humans. Thus, the state of the art in natural resource 
valuation is in search of a framework for addressing natural resource 
values derived from ecological functions. This section first briefly dis- 
cusses the emerging field of ecological economics. It then considers 
gross p r imly  energy valuation and non-glamorous resource valuation, 
which are two approaches to measure ecological values in the emerging 
field of ecological economics. 
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Ecological Economics 

Although controversial, some resource valuation professionals believe 
that changes in the service flows from ecological systems to human 
society can be valued in monetary terms, given existing knowledge, 
scientific data, and estimation techniques. They believe that this would 
bring such services into management discussions in terms symmetric 
with marketed goods and services. As a general matter, this could 
improve the efficiency with which society uses resources. One reason 
for this view is the belief that such pricing would encourage preserva- 
tion by making explicit the opportunity cost of development and other 
economic activities. These people support the continued refinement 
and extensions of economic valuation techniques based on people’s 
preferences over ecological resources. 

Other experts express serious reservations about the prospects of deriv- 
ing willingness-to-pay estimates for ecological resources. Their distrust 
arises in part because of the potential lack of knowledge associated with 
people’s understanding of ecological functions and how ecological sys- 
tems are damaged through human activities. Without a firm under- 
standing of the ecological impacts of human intervention, there is no 
reliable way to estimate meaningful ecological damage. Accordingly, 
there is skepticism as to whether monetary values can be assigned to 
damages that might arise within the intricate web of ecological inter- 
dependencies in both small- and large-scale ecosystems. Nevertheless, 
monetary values are beginning to surface in the ecological economics 
literature. One approach is based on the energy valuation of gross pri- 
mary production, which incorporates both economic and ecological 
values in one index. 
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Gross Primary Energy Valuation 

This procedure has been applied to the valuation of different wt 
types (Constanza et al. 1989). It is argued that estimates of gro! 
mary production have merit since the entire food chain depends 
this primary production. The methodology is not without its prc 
however. For instance, it is not well understood whether those 
supported by a particular food chain have equal social values. 1 
eral, the embodied energy approach measures only ecologically 
values. Unlike an economic valuation approach, values for sud 
tions and services as storm protection, aesthetics, and water tre2 
are completely ignored. 

Recently, an alternative cross-cutting approach to environmenta 
has come under the rubric of ecological-economic valuation. A 
ecologists and economists sponsored by the U.S. Environmenta 
Protection Agency (EPA) has undertaken the development of a 
cutting model of an ecological-economic system (i.e., the Mary1 
Patuxent Watershed), with emphasis on wetlands. Preliminary 
based on a coastal ecological landscape spatial simulation mode 
oped by Robert Costanza and colleagues from the University of 
Maryland. Ultimately, the cross-cutting model may incorporate 
omic behavior, thereby capturing interrelationships between hu 
activities, the ecosystem, and ecological valuation. A related at 
employing cross-cutting techniques in determining ecological v 
based on the recognition that humans may have preferences rel; 
the functions and services perfomed by ecological resources, rt 
to as ecological resource valuation. 

Ecological Resource Valuation 

The need for a framework addressing the value of ecological fu 
is particularly acute in assessing policy choices that affect the ir 
of ecological systems. Using the example of wind-blown dust, 
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and Ghosh (1995) suggest that these policy decisions require a weight- 
ing of ecological values based on two related subsets of information: 
what is valued by humans as an eco-good (i.e., cleaner air) and what 
has intrinsic value to the natural eco-system (i.e., vegetative cover). 
Using the term ecological resources, the authors focused attention on 
resource services that are functionally important to ecosystems but 
frequently overlooked in terms of providing value to humans. Such 
resources have received very little attention relative to their more 
glamorous cousins, such as endangered salmon runs or old-growth 
timber stands. 

The authors note that the key objectives of ecological resource valua- 
tion are a) to provide a framework that aggregates the values of goods 
and services rendered by se1.ected ecological functions and b) to deter- 
mine defensible upper and lower limits on these values. The possibility 
of interpolating between these limits would enable a more robust esti- 
mation of the value of eco-goods and services, allowing policy makers 
to form a more complete understanding of the benefits and costs of 
ecological preservation. 

The preliminary work undertaken by Scott et al. (1997) considered 
social values associated with undeveloped shrub-steppe sites; these are 
arid environs which are traditionally overlooked in land-use decisions. 
Relative to the perceived values, the authors attempted applications of 
the benefit transfer method, the travel cost method, and the method of 
hedonic damage-pricing. In order to estimate the intrinsic values of 
natural ecosystems, they applied a replacement cost methodology based 
on the idea of replacing the functions performed by the natural eco- 
system through a human engineered analog. Using these cross-cutting 
resource valuation techniques, the authors maintained that the economic 
value of shrub-steppe sites reflects both their ecological services and 
recreational uses. Given the uncertainty that exists as to the social ben- 
efits from preserving undeveloped shrub-steppe, they suggest the need 
for further analysis in order to establish credibility in ecological site 
valuations. 





Unresolved Issues 

The following discussion focuses on a series of distinct and challenging 
issues in the valuation of natural resources and the environment: a) the 
choice of a discount rate in assessing the present and future values of 
benefits and costs; b) the individual’s time-preference in deriving ben- 
efits over the near term as opposed to later on; c) the role of equity and 
fairness in resource valuations involving present and future generations; 
d) the conceptual understanding of risk a d  uncertainty in the valuation 
of natural resources and the environment; and e) qualification of the 
measurement errors in the application of the natural resource valuation 
techniques discussed in this handbook. Without identifying the poten- 
tial importance of these factors in the valuation process, the analysis of 
natural resource values will remain incomplete and contentious if used 
by DOE field operations as a basis for decision-making. 

Discounting and Time Preference 

Discount rates enable one to determine the present value of the benefits 
and costs associated with the future use and enjoyment of natural 
resources. If the analyst of future benefits and costs sets a high dis- 
count rate, say 10 percent, the present value of benefits in the distant 
future becomes insignificant when compared with the present value of 
benefits in the near-term future. For example, using continuous dis- 
counting at the rate of 10 percent, the present value of $1000 of benefits 
obtained 2 years in the future is $818.73, and in 10 years becomes 
$367.88, less than half as much. By choosing a lower discount rate, say 
2 percent, the analyst reduces this temporal bias: $1000 of benefits 
10 years hence becomes $818.73. Given the implications of this basic 
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arithmetic on natural resource valuations, it is no wond 
much controversy among economists, scientists, and pc 
the applications of appropriate discount rates. 

Despite the controversies that exist, discounting is part 
efit-cost analyses. Its main role is helping to evaluate s 
or benefits that are strung out over the future. Discoun 
adding up a series of future net benefits into an estimat 
value. However, as we have already seen, the outcome 
depends on which particular discount rate we use. Unc 
2 percent., we are essentially treating a dollar of benefit 
resource in one year as very similar in value to a dollar 
any other year. Using very high rates, say above 7 per( 
saying that a dollar of natural resource benefits in the n 
more valuable to us than it would be later on. Thus, th 
discount rate used in the calculation of present values, 
favoring the near term use andlor enjoyment of natural 
tive to more distant future uses. To the contrary, the IC 
rate used in present value calculations, the more equal1 
ing the benefits over time. 

It follows that the choice of a discount rate is inextrical 
present generation’s concern for resource values that u 
present and future generations. Consequently, resourcI 
requires consideration of subjective views on decision: 
environmental benefits for present and future generatic 
standing can be captured analytically by the rate of so( 
ence: the rate at which society is willing to exchange E 
enjoyment opportunities in the present for similar oppc: 
future. 

The rate of time preference is frequently cited as a kin( 
rate of interest. To an individual, time preference depc 
tastes and preferences, income levels, age, and even sc 
norms. For example, consider an individual who is wi 
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limited access to an open-space site over a one-year period (say, while 
an ecological restoration is undertaken), with the understanding that 
he/she will be compensated by gaining additional access to the site 
upon completion of the restoration in the coming year. We mean by the 
word “compensation” that the individual is left feeling just as well off 
as if hdshe had not given up access to the site - no more and no less. 
The degree of time preference is defined by the benefits he/she requires 
in the coming year in exchange for the benefits he/she will lose in the 
present year. 

Beyond the level of the individual, however, the concept of time prefer- 
ence becomes all the more controversial by requiring us to make some 
very strong assumptions about the collective preferences of individuals 
over present and future consumptioduse of natural and environmental 
resources. This difficulty has led economists to seek more practicable 
measures by relying on the following proposition: An individual will 
postpone further material consumption in order to lend on the capital 
market, provided the rate of interest exceeds hisher rate of time pref- 
erence. Under the ideal circumstances of equilibrium in capital 
markets, it has been shown that the rate of time preference will equal 
the rate of interest. However, the analysts must proceed with caution in 
using interest rates observed in capital markets in the calculation of 
present values of natural and environmental resources. After all, there 
are likely to be some highly significant differences of opinion when it 
comes to the valuation of these resources as opposed to, say, a 
AAA-rated municipal bond. 

The analyst must be aware that there are dozens of different interest 
rates in use at any one time - rates on normal savings accounts, certifi- 
cates of deposit, bank loans, government bonds, etc. Which rate should 
we use? There are essentially two schools of thought on this question. 
The first is that the discount rate should reflect the way people them- 
selves think about time. Any person normally will prefer a dollar today 
to a dollar in 10 years. In the language of economics, they have a posi- 
tive rate of time preference. We see people making savings decisions 
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by putting money in bank accounts that pay certain rates of interest. 
These savings account rates show what interest the banks have to offer 
in order to get people to forego current consumption. We might, there- 
fore, take the average bank savings account rate as reflecting the aver- 
age person’s rate of time preference. 

The second approach to determining the “correct” rate of discount is 
based on the notion of investment productivity. When investments are 
made in productive enterprises, people anticipate that the value of 
future returns will offset today’s investment costs. Otherwise, these 
investments would not be economically efficient. The thinking here is 
that when resources are used in the public sector for natural resource 
and environmental programs, they ought to yield, on average, rates of 
return to society equivalent to what they could have earned in the pri- 
vate sector. Private-sector productivity is reflected in the rates of inter- 
est banks charge their business borrowers. Thus, by this reasoning, we 
should use, as our discount rate, a rate reflecting the interest rates that 
private firms pay when they borrow money for investment purposes. 
These are typically higher than savings account interest rates. 

Real rates of between zero and 8 percent appear regularly in the econ- 
omics literature. Some have even argued for negative discount rates to 
reflect the implicit interest of future generations in resource manage- 
ment decisions. The policy of the Office of Management and Budget 
( O m ) ,  which provides guidance to most federal agencies on a dis- 
count rate for public investment and regulatory impact analyses, is 
based on the private opportunity-cost principle. This rate was recently 
changed from 10 percent to 7 percent. Some U.S. federal agencies 
responsible for managing natural resources employ significantly lower 
discount rates. For example, the Bureau of Reclamation reportedly uses 
an 8.875 percent nominal rate, which translates to a real rate of between 
3 percent and 5 percent, depending on the assumptions made about the 
effective rate of inflation. The U.S. Forest Service and Bureau of Land 
Management employ a 4 percent real rate of discount in natural 
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resource assessments. The National Oceanic and Atmospheric 
Administration has recently adopted a 3 percent to 4 percent discount 
rate (based on the Treasury rate) for natural resource damage 
assessments. 

Equity and Fairness 

The valuation of natural and environmental resources under ethical 
criteria diverges sharply from that of the conventional utilitarian 
approach. Land or water values provide some perspective on this. 
Assume, for example, that a tract of land is privately owned. Its market 
price reflects the private benefits that it can provide. Ewe assume there 
exists a well-specified system of property rights over the parcel of land, 
individual self-interest would lead to a negotiated settlement over the 
rights to buy or lease the land according to the marginal values of the 
land in its various alternative uses. It would be in the owner’s self- 
interest to ensure that the land would be allocated to those uses which 
command highest value before considering other uses which have lower 
marginal values. This typifies economically efficient resource alloca- 
tions, whereby relatively lower-valued uses are effectively excluded 
from consideration. It makes no difference if the land were under 
public stewardship, because a similar means of allocation could be 
achieved by administering an auction for land-use rights, thereby 
ensuring that the land was used where it commanded highest value. 

In contrast, applying the criteria of equity andfairness gives equal 
weighting to the various land uses. These criteria affect the application 
of existing property rights and give rise to shadow prices which reflect 
the administrative goals of providing equal use to all concerned parties. 
The political distribution of natural resources to achieve equity and 
fairness displaces the utilitarian value of land. Accordingly, the 
application of equity and fairness in the distribution of resources is 
complicated and controversial. Ultimately, distribution is a matter of 
who gets the benefits and who pays the costs. In public-sector 
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programs, distributional matters must be considered along with 
efficiency issues, which implies that benefit-cost analyses must 
incorporate information on how net benefits are distributed among 
different groups in society. The distribution of benefits and costs is 
primarily a matter of equity or fairness. There are two main types of 
equity: horizontal and vertical. Horizontal equity is a case of treating 
similarly situated people the same way. Vertical equity refers to how a 
policy impinges on people who are in different circumstances, in 
particular, on people who have different income levels. 

There are well-known difficulties in estimating the distributional 
impacts of environmental programs, individually or in total. Doing so 
requires very specific data showing impacts by income groups, race, or 
other factors. In general, environmental data have not been routinely 
collected by income and race. Thus, data on environmentally related 
issues do not typically allow the comparison of welfare impacts across 
socioeconomic and racial groups. Nor is it easy to estimate how pro- 
gram costs are distributed among these groups. This is because these 
welfare impacts depend on complex factors related to & collections, 
consumption patterns, the availability of alternatives, and so on. 
Despite the difficulties, however, benefit-cost analyses should try to 
look as closely as possible at the way in which the aggregates are 
distributed through the population. 

What happens when the distributional implications span generations? 
That is, how do we compare situations when one generation gains and 
another loses? Discounting at some market-based rate of interest is 
commonly used to express future costs and benefits in terms of present 
monetary value, assuming that a value received now is worth more than 
the same value provided at some future date. Obviously, standard dis- 
counting procedures will weight the effect on the current generation far 
more heavily. Thus, some critics believe that discounting results in 
greater resource exploitation or use of natural capital now, at the 
expense of future generations. Controversies in using positive discount 
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rates for environmental programs with long-run impacts are not easily 
resolved. Some suggest that for long-run environmental projects, the 
appropriate discount rate is zero. But we have to be very careful here. 

A great deal of harm has been done to natural and environmental 
resources by using very low discount rates to evaluate development 
projects. With low discount rates, it is often possible to justify very 
disruptive public infrastructure projects because enough distant and 
uncertain benefits can be accumulated to outweigh the tremendous 
near-term costs. 

Risk and Uncertainty 

Natural resource and environmental valuation is difficult, even when 
there is relative certainty over prevailing economic and environmental 
conditions. In the ‘‘real world,” analysts must confront risky outcomes 
in proposing environmental decisions or taking regulatory actions under 
conditions of uncertainty about the benefits and costs of these actions. 
Consequently, the notions of risk and uncertainty are related: risk 
relates to recurring events whose relative frequencies are known from 
past experience, while uncertainty relates to unique events whose prob- 
abilities can only be subjectively estimated. 

Uncertainty over the outcomes of environmental actions and policies 
can influence the vduation of natural and environmental resources. For 
instance, can we say with certainty that the decontamination of DOE 
land will increase property values? If not, the analyst may need to 
introduce probability beliefs into the valuation process. The presence 
of risk and uncertainty affects both willingness to pay or willingness to 
accept compensation, with the extent of each depending on the degree 
of economic and environmental uncertainty confronting individuals and 
on their attitudes towards risk and uncertainty. Together, risk and 
uncertainty affect the valuation of natural and environmental resources 
and are commonly examined by the analyst based on extensions of the 
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uncertainty affect the valuation of natural and environmental resources 
and are commonly examined by the analyst based on extensions of the 
utilitarian concept of value vis-a-vis the model of expected utility. 

The first element, the degree of risk or uncertainty confronting individ- 
uals, is often considered in terms of the variance associated with ran- 
dom economic and/or environmental variables. For example, the valua- 
tion of decontaminated lands would very likely reflect the probability 
beliefs of potential buyers as to whether the land posed future human 
health and/or ecological risks in its alternative uses. Intuitively, the 
model of expected utility would predict that decontaminated land values 
increase as individuals are more certain that the land poses no future 
ecological andor human health risks. Correspondingly, the model of 
expected utility predicts that a greater adversity to these risks on the 
part of potential buyers a d o r  users of the land depresses the valuation 
of the benefits derived from the land. Consequently, to better under- 
stand how risks and uncertainties impact natural and environmental 
resource valuation, it is necessary to scrutinize the methods used in the 
risk-assessment process and recognize how they affect the estimation of 
the prevailing attitudes towards risks and uncertainty. 

Bearing the two related concerns in mind, the role of risk-benefit 
modeling remains an unresolved matter in the valuation of natural and 
environmental resources. The many nontrivial sampling and measure- 
ment issues that ultimately affect the outcome of the valuation process 
compound the difficulties in using a conceptual framework. Already, 
we have seen how the choice of sampling and survey instruments can 
influence the willingness-to-pay information obtained by contingent 
valuation analysts. These same considerations accompany the collec- 
tion and analysis of risk-benefit data. Without this data, little if any- 
thing can be learned about the impacts of risk and uncertainty on the 
value of natural and environmental resources. By the same token, the 
risk and uncertainty faced by those who derive benefits from natural 
and environmental resources can only be reduced by the provision of 
additional information. 
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risks on the expected value of natural resources. This approach is an 
appropriate one, provided there are reliable estimates of the probabil- 
ities of future events. Unfortunately, such estimates may not be 
available, particularly in those instances where we have little experience 
to analyze the probabilities of different outcomes with any degree of 
confidence. For example, consider the siting of a hazardous waste 
dump. 

. 

Suppose the people of a nearby community rely on a freshwater aquifer 
for their water supply. The analyst is asked to conduct a risk assess- 
ment to characterize the risks that the proposed waste site poses to 
people in the community. One part of the study is to determine the 
probable risks of chemicals contaminating the aquifer. This requires 
the expertise of engineers, hydrologists, and others who can study the 
physical aspects of the landfill and surrounding area. A second part of 
the study is to estimate the likely impacts on community health if the 
aquifer is contaminated. This involves using the predicted chemical 
levels to which people in the community would be exposed if contami- 
nation occurred and estimating the resulting health effects, for example, 
the expected number of increased cases of cancer. This would call on 
dose-response relationships that scientists have developed in analyzing 
this particular substance. Often, this type of information will come 
from laboratory studies with animals, the results of which are then 
extrapolated to human beings. 

At this juncture of the study, economic valuation joins with the risk 
assessment to determine how much people value alternative situations 
involving differing risk levels. In our terminology, this is the estimation 
of people’s willingness to pay to avoid the risk of damages sustained by 
natural resources. Clearly, the prevailing attitudes of individuals 
toward risk become a key determinant in the value associated with 
maintaining the integrity of natural resources that are damaged by 
human activity. To complicate matters, many natural resource and 
environmental risks can have negative impacts that are irreversible; they 
can’t be undone by subsequent actions. The possibility of irreversible 
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effects makes current policy decisions particularly important, inasmuch 
as recovery from bad decisions may be technologically impossible or 
prohibitively costly. 

In certain circumstances, communities may have no option but to live 
with the consequences of current policy choices without the possibility 
of future rectification. Using the example of the contaminated aquifer, 
there would be a permanent displacement of all water uses; effectively, 
the water source would become economically worthless to all future 
generations. While there may not be a precise way to incorporate such 
intertemporal risks into the valuation of natural and environmental 
resources, the potential conflicts and/or damages that may arise from 
their neglect justify the analyst in taking a second look at the potential 
for irreversible outcomes. 

Margin of Error: An Order of Magnitude? 

The foregoing discussion points out that monetary valuations involving 
natural resources, human health, and the environment are fraught with 
many difficulties. These difficulties are not in the economic theory, but 
rather the application of relatively new valuation techniques. Many 
practitioners would agree that considerable progress has been made in 
the application of the techniques described in this handbook - an 
empirical claim that can only be validated through further applications 
and comparative analyses. However, in view of the uniqueness of 
circumstances surrounding each application and study site, it may be 
inappropriate to compare the estimated values from one study to 
another. For this reason, researchers have attempted to differentiate 
between the systematic biases in estimated values - ones which can be 
explained by site or sample characteristics - and their “purely random” 
counterparts. To illustrate, we consider the “margin of error” in value 
of life estimations investigated by Miller (1990). 
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Referring to Miller, some 67 analyses have estimated the value of a 
statistical life by various valuation techniques, including the market 
price approach, the hedonic pricing technique, and the method of 
contingent valuation. In 1988 dollars, these studies yield values of a 
statistical life ranging from $0 to $15 million. Miller attempted to 
narrow this wide range by correcting for selected systematic biases and 
introducing uniform values for travel time and the discount rate to con- 
vert the risk aversion estimates into values. The potential sources of 
systematic biases include variations in a) the age of the population 
under study, b) the level of population income, c) the accuracy which 
people perceive the underlying risk to life, and d) the level of risk. 
Interestingly, once these systematic sources of bias are accounted for, 
the studies arrive at results which are on the same order of magnitude 
despite the use of different valuation methods and the circumstances 
surrounding site and sample data. 

A thorough review of Miller’s analysis is outside the scope of the 
present discussion. Still, it is useful to note the key results and conclu- 
sions about the various empirical estimates. First, upon adjusting for 
systematic biases, 47 out of the 67 values of a statistical life seemed 
reasonable. The reported mean and median values of this sample of 
studies are $2.2 million with a standard deviation of $0.65 million. All 
of the values except one survey were within 1.96 standard deviations of 
the mean. Table 2 shows the distribution of these values based on the 
underlying estimation technique in units of 0.5 standard deviations. 
Note that few of the results are within 0.5 standard deviations of the 
mean and that five of the six survey-based estimates lie above the 
sample mean value. 

Referring to the results of his study, Miller suggests that the method- 
ological concerns about individual studies may not be of central impor- 
tance: “Although they may produce errors, the errors are not large 
enough to skew the values obtained.” Moreover, he notes that the 
margin of error around the value of a statistical life is no greater than 
the uncertainty around many other numbers used in regulatory analysis 
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and, therefore, may be used in prospective benefit-cost analysis. In this 
regard, the remainder of the discussion provides some closing remarks 
and observations on the general need for responsible use of resource 
valuation techniques in conducting benefit-cost analyses of regulatory 
standards - such as A L M  - and providing information in the 
environmental restoration and waste management decision-making 
process. 

Table 2 Distribution of Values Around the Mean by Type of Study 

Value Range Wage-Risk Behavior Survey Total 

3 -_ -1.5 SD to -2 SD 1 2 

-1 to -1.5 SD 5 1 6 

-0.5 SD to -1 SD 6 1 7 

-0.5 SD to 0 

0 to 0.5 SD 

0.5 SD to 1 SD 

1 SD to 1.5 SD 

1.5SDto2SD 

3 4 7 

1 

2 

2 

6 

10 

6 

1 

_- 1 1 2 SD to 2.5 SD -- 
Source: Miller (1990), page 32, where mean value = $2.2 million and 
standard deviation (SD) = $0.65 million (in 1980 dollars). 





Conclusions 

The application of natural resource valuation techniques is a growing 
science; lessons are learned as new case studies are undertaken and the 
benefits of additional information and experience are synthesized. 
Practitioners of the valuation techniques described in this handbook 
share the concern that dissatisfaction with technical results may lead to 
political interference with the methods of technical analysis. Past 
examples of such intervention include intervention in the benefit-cost 
procedures used to estimate benefits of water transportation or the 
choice of discount rates in federally funded water projects. The DOE 
must guard against making such intrusions when considering the most 
appropriate scientific methods to employ in the valuation of the many 
natural resources that are involved in environmental restoration and 
waste management activities around the country. 

The level of technical analysis required to perform NRDA and EIS 
work on behalf of government agencies requires a thorough under- 
standing of the natural resource valuation techniques described above. 
Responsible environmental professionals must realize that environ- 
mental restoration and waste management activities may affect many 
natural resources, numerous aspects of the environment, and both 
worker and public health and safety. A number of technical issues 
related to valuation concepts and techniques have been identified in the 
foregoing text. A short synthesis of this discussion is useful to paint a 
general picture of the applications and fundamental concepts that are 
involved. 

First, the authors have suggested that monetary valuations have to cope 
with many problems. Foremost is that actual market prices are gener- 
ally not available, so that indirect assessment procedures should be 
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considered, e.g., the market price approach, the appraisal method, or 
identification of a suitable resource replacement cost. Second, where 
there is an absence of demand curves or market price information, 
nonmarket methods should be considered as the only viable alternative, 
e.g, the travel cost method, the participationhit day value methods, 
hedonic pricing, and the method of contingent market valuation. 
Furthermore, in the application of these techniques, the authors suggest 
that non-use values (bequest and existence) and option value should be 
counted as part of the total economic value of the underlying natural 
resources. For the moment, the authors conclude that ecological valua- 
tion techniques can be seen as a contribution to the more traditional 
valuation methods, but that their reliability is rather weak due to several 
shortcomings and restrictive assumptions. 
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demand -. in economics, the usual inverse relationship between quantity 
consumed (or otherwise used or even preserved) and a person’s maxi- 
mum willingness to pay for incremental increases in quantity. Market 
prices often (but not always) reveal the increments of willingness to 
pay. Other factors influencing willingness to pay include income, 
prices of substitutes, and, in recreational fishing, catch rate. Unlike 
planning, where demand refers to the size of the quantity variable, 
economic demand is a behavioral relationship. 

discount rate - a measure of the opportunity cost of not having 
immediate access to resources. Traditionally, discount rates may reflect 
the interest rate on savings accounts, financial portfolios, or bonds. 
Discount rates may also reflect other social, psychological, and inter- 
temporal concerns. 

discounting - a procedure to use when comparing value streams (bene- 
fits or costs) occurring in different magnitudes at different dates in the 
future. The procedure “discounts” future values in order to obtain the 
present value of the stream. 

environmental valuation ~ procedures for valuing changes in environ- 
mental goods and services, whether or not they are traded in markets, 
by measuring the changes in the producer and consumer surpluses 
associated with these environmental goods. 

erristence value - see nonuse value. 

gross domestic product - aggregate annual output of the economy 
before deducting the value of the assets of the economy that have been 
used up or depreciated in the production process during the year. Gross 
domestic product provides a summary measure of the nation’s overall 
economic performance. 
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producer surplus - total revenue minus the opportunity cost of produc- 
tion, including the opportunity costs of the entrepreneur’s skills, labor, 
capital, and ownership of natural resources. 

random utility model - an extension of the travel cost method that 
explicitly considers individual’s participation decisions and the 
selection among alternative recreation sites. 

supply - schedule of the quantities of goods and services that a business 
is willing to sell at various prices. Other factors that affect supply 
include input prices. 

travel cost method - a methodology that relies on travel-related costs 
as a surrogate for price in a nonmarket situation in order to estimate 
demand and money measures of willingness to pay. 

use value .. value derived from either the consumption of a good or the 
utilization of a service or that otherwise involves some sensory contact 
with the resource. For example, whale-watching is not consumptive, 
but involves visual contact with the whales. 

value - what one is willing to give up in order to obtain a good, service, 
experience, or state of nature. Economists try to measure this in dollars. 

welfare economics - a field of inquiry within the broad scope of 
economics that is concerned with money measures of individual and 
social well-being, particularly in changes in well-being due to imple- 
mentation of public policies. 

willingness to pay - the maximum sum of money an individual would 
be willing to pay rather than do without an increase in some good such 
as an environmental amenity. This sum is the amount of money that 
would make the individual indifferent to either a) paying for and having 
the improvement or b) forgoing the improvement while keeping the 
money to spend on other things. 
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willingness to accept - the minimum sum of money an individual 
would require to voluntarily forgo an improvement that otherwise 
would be experienced. It is the amount that would make a person 
indifferent to either having the improvement and forgoing the 
improvement while getting extra money. 
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This appendix summarizes important state and federal environmental 
protection statues under which U.S. Department of Energy (DOE) field 
operations are run and which can impact the value of the environment 
and natural resources. 

National Environmental Policy Act (NEPA) - designed to lessen or 
eliminate damages to the environment and to protect natural resources. 
It requires that the impacts to the environment of any major federal 
project be carefully reviewed and reported in environmental impact 
statements, environmental assessments, or other IWPA-generated 
documents (Arbuckle et al. 1989). 

Clean Air Act (CAA) - designed to protect public health by establish- 
ing national air quality standards. Although the primary regulatory con- 
trol for the CAA rests with state and local governments, the CAA gave 
the US. Environmental Protection Agency @PA) the authority to 
establish minimum air quality standards and outline air pollution con- 
trol measures for state and local governments to achieve. 
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Clean Water Act (CWA) - provides the basic framework for federal 
water polllution control regulation. As stated in Section 101 of the Act, 
the CWA is designed to “restore and maintain the chemical, physical, 
and biological integrity of the nation’s waters.” The five main elements 
of the act include a permit program, national effluent standards for 
specific industries, water quality standards, provisions for occurrences 
such as toxic and oil spills, and a grant program for construction of 
publicly owned treatment facilities (Arbuckle et al. 1989). 

Resource Conservation and Recovery Act (RCRA) - establishes 
regulatory standards that are imposed on the generators and transporters 
of hazardous materials. It also provides regulatory standards for the 
treatment, storage, and disposal of hazardous materials (Arbuckle et al. 
1989). 

Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) - establishes a program that provides funding 
and enforcement authority for the cleanup of sites contaminated by 
hazardous substances. The Superfund Amendments and Reauthoriza- 
tion Act (SARA) broadened the scope of CERCLA to include provi- 
sions for federal facilities. The CERCLA joins with RCRA to provide 
complete regulatory coverage of hazardous waste disposal. While 
RCRA focuses on a “cradle-to-grave” approach to present hazardous 
waste activities, CERCLA establishes a response program to past 
hazardous waste activities (Arbuckle et al. 1989). 

Toxic Substance Control Act (TSCA) - gives the EPA authority to 
require testing of substances that enter the environment, as well as the 
authority to regulate those substances. This regulation supplements the 
Clean Air Act and Clean Water Act regulatory control over toxic sub- 
stances (Arbuckle et al. 1989). 
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Endangered Species Act - provides for conservation, restoration, 
propagation, and protection of species that have been declared 
threatened or endangered. The Act requires all federal agencies to 
conserve endangered wildlife and provides for the listing of critical 
habitats essential to species survival. 

American Indian Religious Freedom Act - requires that no federal 
agency interfere with the right of any Native American to exercise their 
traditional religious beliefs. This Act also states that the Native 
American’s right to worship includes access to religious sites and 
possession and use of traditional religious objects. 

National Historic Preservation Act - designed to protect, restore, and 
reconstruct sites, buildings, and objects that are significant to American 
history or culture. It also requires the study of impacts to any historical 
or archaeological sites by any federal activity. 

Archaeological Resources Protection Act - designed to protect and 
regulate the use of archaeological resources on federal and Native 
American lands by prohibiting excavation or removal of resources 
without a permit. 

Executive Order 11988 on Floodplain Management - designed to 
lessen or eliminate impacts to floodplains by regulating floodplain use 
and modification. 

Executive Order 11990 on Protection of Wetlands - designed to 
lessen or eliminate damages to wetland areas by preventing new 
construction in wetland areas and by requiring any damages to be 
mitigated. 
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Executive Order 12866 on Regulatory Planning and Review - 
designed to reform and make more efficient the regulatory process. The 
objectives are to enhance planning and coordination with respect to 
both new and existing regulations, to reaffirm the primacy of federal 
agencies in the regulatory decision-making process, to restore the 
integrity and legitimacy of regulatory review and oversight, and to make 
the process more accessible and open to the public. 
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