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SOCIOECONOMIC ASSESSMENT GUIDANCE REPORT:
DETERMINING THE EFFECTS OF AMENITY CHARACTERISTICS

ON BUSINESS LOCATION DECISIONS

by

T. Allison

ABSTRACT

Evaluating perception-based impacts of hazardous waste facilities
has become an increasingly important part of socioeconomic impact
assessments in recent years. One area of discussion has been the potential
effect of risk perceptions on business location decision making. This report
evaluates the importance of environmental amenities (broadly denned to
include natural, cultural, and recreational features; environmental quality;
and other indexes of quality of life) with respect to decisions on locating
both manufacturing and business service activities. It discusses the major
theoretical and empirical issues that arise in attempting to determine the
effects of environmental amenities on the location choices for businesses and
business activities. This discussion is followed by a survey of major findings
from the academic literature and a review of research by the state of
Nevada. A number of recommendations for further research are also
provided to help the U.S. Department of Energy's Office of Civilian
Radioactive Waste Management better understand the importance of
perception-based impacts in business location decision making and estimate
the scale of socioeconomic impacts that would result from siting a high-level
waste repository in Nevada.

SUMMARY

The evaluation of the perception-based impacts of hazardous waste facilities has
become an increasingly important part of the socioeconomic impact assessment process in
recent years. Changes in perceptions of risk and stigma can have economic impacts in many
areas. One area that has been a subject of discussion is business location decision making.
This report evaluates how important environmental amenities (broadly defined to include
natural, cultural, and recreational features; environmental quality; and other indexes of
quality of life) are to decision makers who are choosing a location for their manufacturing or
business service activities. It does not analyze location decisions for consumer services, retail
activities, or other forms of nonindustrial development.

Specifically, this report discusses the major theoretical and empirical issues that
arise when one attempts to determine how environmental amenities affect the location



decisions being made for various businesses and business activities. It reviews the research
done for the state of Nevada and presents a survey of major findings from the academic
literature. It also provides a number of recommendations for further work to assist federal
decision makers in evaluating whether perception-based impacts would result from the siting
of a high-level waste (HLW) repository at Yucca Mountain.

Section 1 provides background on and an outline of the major issues involved in
assessing how important environmental amenities are to decision makers in choosing a
location for a business. It describes the amenities and disamenities found in both the natural
and cultural environment that are considered when various locations for a business are being
evaluated. Results of this study indicate that, although environmental amenities are often
considered to be a significant factor in choosing a location for an industry, the way in which
businesses value the amenities of a location has changed significantly. Although certain
industries still need to be close to an environment that is the source of cheap production
inputs, the majority of businesses now place more value on an environment that is either in
its natural or undeveloped state or that has the cultural amenities to support a high quality
of life.

Section 2 outlines the framework used in conventional economic analysis to assess
the importance of environmental amenities in location decisions. It also includes an
evaluation of the two main effects that an environmental amenity can have on the decision
to locate a business: direct cost effects and indirect cost effects. Direct cost effects include
effects that influence a firm's cost function (e.g., if water or air resources are unavailable or
of poor quality, the firm will have to pay to obtain needed resources). Indirect cost effects are
impacts on the nonenvironmental aspects of a firm's cost function (e.g., if production leads
to degradation of environmental resources, the more mobile portion of the firm's labor force
may have to out-migrate). The effect of amenities on personal preferences might not directly
influence profit or revenue maximization. Nevertheless, it might influence the location
decisions made by some firms. The importance of amenities is also shown to vary, depending
on the size of the firm.

Section 3 provides an overview of the methodologies that have been used in the
academic literature to assess the importance of environmental amenities. Although
econometric analyses made on the basis of county-level data have been used to consider the
importance of amenities, surveys of individual firms have generally provided more data and
more reliable results with respect to assessing amenities as a location factor.

Section 4 presents major findings from the body of academic literature on industrial
location decision making that has considered amenities. Results from econometric research
show that a tentative relationship does exist between levels of business activity and
amenities related to the natural and cultural environment. These results are relatively
inconclusive, because they do not specify in any detail the nature of the impacts of amenities
on different types of firms. However, results from industrial location surveys indicate the
nature of the impact of amenities in more detail. They show that some firms (particularly



small ones and those that rely on a highly qualified, highly mobile work force) tend to prefer
areas where the level of amenity is high.

Section 5 reviews and evaluates the research that was conducted for the state of
Nevada on the effects that the perceived risk and stigma likely to be associated with the
HLW repository could have on business location decisions. The state-sponsored analysis of
the competitiveness of the Las Vegas area indicates that amenities are a more important
location factor here than in other regions of the country. Survey findings reveal that negative
imagery and risk perceptions would be likely to result from the siting of the repository. The
research does not, however, differentiate among different types of businesses when it studies
the effects of amenities. The size of a firm, its occupational and organizational structure, and
the nature of its products have been found to influence the level of importance that a firm
attaches to amenities while making a location decision. Large firms whose branches employ
a significant number of highly mobile, highly educated employees may show significantly
different amenity preferences than small firms, whose choices have often been made on the
basis of personal preferences for certain locations.

Section 6 summarizes the findings in the literature and discusses the implications
of the material presented in the first five sections on HLW disposal programs. It then lists
a number of recommendations for further work. These recommendations emphasize that
links must be established between amenities and different types of business organizations,
particularly small manufacturing and business service firms that are located in smaller
provincial centers and remote rural communities and firms that employ large numbers of
scientific and technical personnel.





1 ENVIRONMENTAL AMENITIES AND
BUSINESS LOCATION DECISIONS

1.1 INTRODUCTION AND BACKGROUND

Consideration of the perception-based impacts of hazardous waste facilities has
become an increasingly important part of socioeconomic impact assessments in recent years.
The decision to locate a high-level waste (HLW) facility in a particular area may lead not only
to the standard economic impacts associated with any new investment but also to the
development of negative images and stigmatization of the places likely to host the facilities.
Together with the risk perceptions associated with the environmental degradation that could
result from accidents or mismanagement, these beliefs could lead to additional economic
impacts. One of the areas in which there has been discussion of the potential economic
impacts of changes in risk perception and stigmatization has been business location decision
making. Environmental quality, the level of environmental amenities, and other quality-of-
life issues are being increasingly cited as significant factors in the decision to locate a
business.

Changes in the product composition of demand, together with increases in overseas
competition from countries with lower labor costs (particularly less developed countries), have
been occurring. They have resulted in a sharp decline in the number of industries that have
to locate their production facilities on the basis of the location of natural resources or "break-
of-bulk" transportation centers. The share of total U.S. employment in industries such as
pulp and paper processing, chemical production, iron and steel manufacturing, and petroleum
refining has declined rapidly throughout the postwar period. The resulting structural shifts
within the U.S. economy — away from heavy manufacturing and toward light manufacturing
and services — have placed a different emphasis on which factors are important in the
location of these industries. As a result, many firms have become more flexible in their
requirements with regard to the location of material inputs.

Specifically, five factors have contributed to increased locational flexibility:
(1) changes in transportation, particularly the development of the interstate highway system;
(2) railroad and trucking deregulation; (3) changes in production technology that have
resulted in the introduction of lighter materials; (4) the larger number of steps in production
processes, which has favored the separation of specific production activities; and
(5) developments in telecommunications that have reduced the cost of marketing many
manufactured goods. For many firms, labor costs have emerged as the most important factor
in locating new manufacturing and service activities. Also, a larger proportion of the
manufacturing labor force is now involved in white-collar activities rather than production
occupations — a situation that has given many firms more flexibility in choosing a location.

Many manufacturing firms, particularly large corporations, have been able to
successfully distribute various parts of their operations to different, lower-cost locations.
Corporate headquarters and research and development (R&D) facilities are more often being
located in a small number of large regional centers, such as New York, Los Angeles, Chicago,



and San Francisco. The economics of agglomeration dominate the location of headquarters
and their associated service functions; of particular importance is the need to minimize the
costs of face-to-face contact between high-level executives and between a firm's headquarters
staff and its customers and suppliers. For many firms, choosing the location for their
headquarters has essentially become an issue of where to locate within the largest urban
centers in the United States. R&D activities tend to be located on the peripheries of larger
urban centers, where availability of scientific and technical labor and proximity to
headquarters have been the primary location factors. Products in intermediate stages of
development may still require some coordination by higher-order corporate and research
functions, so related facilities may be located at the periphery of the metropolitan areas
where these functions are located.

Routine production activities, on the other hand, have been distributed according to
geographic variations in labor costs, as the importance of urban agglomeration economies for
manufacturing activities has declined (Carlino and Mills 1985; Carlino 1986). For these
activities, the extent of local material and information links is relatively unimportant,
because a substantial proportion of material supplies and the majority of services are being
imported from other locations of the firm. The increasingly high value added for many
manufactured products also reduces the importance of the cost of transportation.
Subcontracting many business activities has become an increasingly important way for many
manufacturing firms to maintain competitiveness. Combined with the development of
telecommunications links between corporate functions, subcontracting also allows a firm to
concentrate on lowering its labor costs by choosing peripheral locations for routine production
functions.

Many firms in the manufacturing sector locate both production and service activities
according to this scheme, and many firms in the service sector follow the same patterns for
locating their routine activities. Many service and manufacturing firms separate routine data
processing activities from activities that require face-to-face contact and use "back offices" to
perform these routine activities. The characteristics of routine functions in the service sector
are often similar to those of the routine production activities of manufacturing firms (i.e., low
local labor costs and turnover rates are more important considerations than local material
and service links). Many of these activities are tied to other corporate locations by
telecommunications links, through which the relevant inputs and outputs are sent.

When combined, these factors — the functional separation of activities, developments
in telecommunications, and subcontracting of services — can create an array of locational
requirements within even one firm. Given the specialized functions of individual activities
within most firms, only a small number of factors may be important in choosing a new
location for an activity. Thus many firms are free to consider additional factors in their
choice of location, one of which may be the level of environmental amenities. Unfortunately,
this situation has led to two important misconceptions. First, it is sometimes assumed that
decision makers for all business activities are likely to subject prospective locations to an
evaluation of their amenity provisions. Second, it is assumed that an amenity-based
evaluation of a new location is a process that is essentially separate from issues of cost



minimization or revenue maximization. As this report illustrates, however, the role of
amenities needs to be carefully considered for each type of activity, as does the nature of the
decision-making procedure used to evaluate the importance of different types of amenity
characteristics.

1.2 DEFINITION OF AMENITIES

Environmental amenities are those characteristics of the natural and cultural
environment that allow firms to differentiate among locations as being an appropriate place
to do business. The natural and cultural environment can include point sources of amenities
(such as specific recreational facilities) or simply consist of a general level of amenity
provision in a region, state, or metropolitan area (such as the level of access to recreational
opportunities). For some firms, the choice of location for a plant or facility on the basis of
environmental amenities may be a result of comparing the amenities and disamenities
present at a location. Some firms may be attracted to certain amenity-rich locations,
particularly locations with a high level of amenities in the natural environment. Others,
however, may evaluate a potential new location in terms of a need to first minimize
disamenities and then maximize access to amenities if other location factors can be satisfied
in only a limited number of locations. The determination of where to locate headquarters
within certain cities may be an example of the second type of decision.

Designating characteristics of either the natural or cultural environment as
amenities or disamenities is a highly subjective process. In this respect, researchers are
faced with a series of empirical questions related to which features to include. The cultural
and socioeconomic backgrounds of a firm's decision makers and entrepreneurs, as well as
those of researchers themselves, play a significant part in the inclusion and valuation of
different parts of the amenity environment.

1.2.1 Natural Environment

A complete definition of the natural environment includes the natural resources that
could be used as raw material inputs for some production processes; the definition could be
expanded to include their delivery systems. However, at present, the geographic distribution
of unprocessed raw materials is relatively unimportant to most firms and plants making
location decisions. In the case of most firms that consider aspects of the natural environment
as part of their location decision, amenities are consumed in the form of environmental
services rather than environmental goods. As such, amenities have many of the
characteristics of other services; consumption of the amenity by the firm generally takes place
at the point of origin, and the amenity can only be partially transferred to another location.
In addition, amenities found in the natural environment are primarily found outside urban
areas and reflect a valuation of the environment in its natural or relatively undeveloped
state.
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Aspects of the natural environment that might be considered amenities include lakes,
mountains, ocean shoreline, state parks, other recreational areas, and fishable waters.
General features of an area might also be important, including its weather and climate,
scenic value, amount of open space, and level of recreational development and use.

Disamenities can include a deterioration in the environmental quality of state and
national parks and wilderness areas as a result of high visitor volumes or changes in land
use. The latter might include the forestation of an area by commercial rather than natural
species or the use of a wilderness area for hunting and fishing. Activities associated with the
economic development of an area, which could lead to environmental degradation, might also
be seen as a disamenity. These activities could involve resource-extraction industries (e.g.;
coal mining or timber cutting) or the siting of noxious and hazardous facilities (e.g., electric
power plants, waste disposal facilities, and certain types of manufacturing plants such as
pulp and paper mills or smelters and foundries).

1.2.2 Cultural Environment

Although the majority of amenities that can be classified as cultural are urban
amenities, certain aspects of rural areas can also be considered. Some conditions, sites, and
activities associated with small towns are not found in larger cities (e.g., historical battle
sites, museums, county fairs, and other rural festivals). In addition, the general ambience
and lifestyle of smaller towns and villages can be considered a cultural amenity.

Aspects of the cultural environment that can be considered amenities include
recreational facilities such as concert halls, sports facilities, libraries, art galleries, theaters,
movie theaters, museums, parks, and beaches. Other considerations, such as the general
level of cultural activity, can contribute to the quality of life in a location but may not be
measurable other than through the use of access measures as proxy variables or public
expenditure or other funding variables.

Disamenities in the cultural environment can be point-source specific (e.g., a decline
in expenditures or funding for recreational and other cultural facilities or some deterioration
in their quality as a result of environmental pollution). Non-point-source disamenities might
be increases in crime, congestion, and pollution. Changes — such as economic development
that could lead to environmental degradation or that is perceived to increase the risk of
accidents or other environmental changes — can be considered cultural disamenities if they
lead to population migration and the loss of the critical population mass needed to support
cultural amenities. Examples are new landfill developments, noxious facilities, electric power
plants, transmission lines, various new manufacturing facilities, and public housing projects.



1.3 ENVIRONMENTAL AMENITIES AND THEORIES OF
BUSINESS LOCATION

The term business includes all forms of business activity (i.e, agriculture, resource
extraction, manufacturing, utilities, wholesaling, retailing, distribution, and business and
consumer services). Substantial differences exist in the location factors important to each
sector; consequently, it is difficult to generalize the location behavior of firms across all
sectors. Theories of agricultural land use have existed since the mid-nineteenth century, and
theories of settlement development include the notion of the provision of consumer services
being related to threshold settlement size (Christaller 1966). The main focus of location
theorists, however, and therefore the focus of this report, has been the manufacturing sector.
This focus has been extended in recent years to include the location behavior of producer
services (i.e., businesses providing services to other businesses).

Theories of manufacturing location are usually classified into three groups: (1) least-
cost theories, (2) revenue maximization theories, and (3) behavioral theories. The first two
are neoclassical theories. The least-cost approach concentrates on how firms locate their
plants to maximize profits through cost minimization. Location theorists such as Weber
(1909) assume that firms face a given market price and that transportation costs dominate
the location decision. Firms using inputs with relatively high transportation costs per unit
(e.g., iron and steel producers) are assumed to locate close to their sources of supply, and
firms facing relatively high distribution costs (e.g., breweries) are assumed to choose locations
that are close to markets. Weber also recognized that agglomeration economies, in which
firms or activities might group together to take advantage of shared services (e.g., R&D), can
be an important location factor to many firms. More recently, land costs and taxes have
become more important and transportation costs have become less important considerations
in the location of manufacturing facilities. In contrast to theories of location choices based
on least cost, theories of revenue maximization consider how firms locate their facilities to
control market areas and maximize sales. More recent theoretical developments have focused
en how firms are complex organizations with their own specific goals, objectives, and
behavior. Smith (1981) and Chapman and Walker (1991) provide a detailed review of the
theoretical aspects of industrial location.

There is no theoretical framework that predicts the importance of amenities in
business location decisions. Evidence in the literature to suggest that environmental features
influence business location decisions is often anecdotal and inconclusive and lacks strong
theoretical support. Often it is implicitly assumed that because there has been a decline in
the importance of traditional location factors, and because many production and service
activities are becoming specialized and therefore have more flexibility in their locational
behavior, environmental factors are the most significant influence on business location.

Within the framework of neoclassical production theory, amenities are treated as an
additional production input to firms that have specific cost-minimizing objectives. Part of this
objective includes choosing a location to minimize transportation costs. The work by Davis
et al. (1980) uses neoclassical production theory to incorporate the influence of environmental
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amenities on the location of businesses. Amenities influence a firm's location decision
through their effects on two types of costs: direct costs and indirect costs.

The direct effects of environmental factors on business location decisions are those
that influence a firm's production cost structure. Some industries require certain basic
materials that are unevenly distributed among regions (e.g., coal) or expensive to transport
over relatively large distances (e.g., iron ore). A location that is close to an area with these
environmental amenities is important to firms to which the delivered cost of these inputs is
significant. Environmental regulation has also had a significant impact on the location of
firms that include production processes that could lead to environmental deterioration. For
example, clean air legislation places an upper bound on the amount of airborne toxic
emissions in a given region or metropolitan area. Firms attempting to site production
processes that emit significant amounts of pollutants are restricted to locations where
existing activity is limited or, under the 1990 Clean Air Act, to areas in which they can trade
with other firms for the right to pollute.

The indirect effects of environmental factors on location decisions are those that
affect the nonenvironmental elements of a firm's cost function or those of other firms. For
example, the use of water resources to transport effluents might lead to a deterioration in the
value of an area as a residential location to the more geographically mobile portion of a linn's
employees. If deterioration in the local environment is sufficient to result in employee
relocation, this represents an indirect effect of the firm's use of the environmental amenity.
Positive indirect effects may occur as a result of industrial emission policies designed to
retain certain occupational groups that might otherwise decide to relocate in the absence of
the policy.

The indirect cost effects emanating from the level of amenities or disamenities in a
location have become an important consideration in the decision to locate all or parts of an
ever-widening range of manufacturing and service industries. Some firms show tendencies
to locate all or some parts of their operations in or close to areas that in some way convey a
high level of psychological satisfaction. These areas may contain relatively undeveloped
natural environments, have a large number of recreational opportunities, or have the rich
endowment of cultural resources associated with larger urban centers. The preference for an
amenity-rich environment may reflect not only the personal preferences of the entrepreneurs
but also of the top corporate decision makers and certain occupational groups, particularly
in scientific and technical fields. Because the psychic effects associated with certain
environments are highly subjective in nature, their impacts on & firm's location decision may
be more difficult to predict than those associated with direct costs.
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1.4 OBJECTIVES AND ORGANIZATION OF THIS REPORT

This report provides a framework for future research on the importance of environ-
mental amenities in business location decisions. It gives information and guidance on two
specific areas:

• Effects of environmental amenities on the location of different types of
business activity, and

• Effects of stigmatization and negative imagery of an area (which are
perceptions associated with potential environmental degradation) on the
location behavior of firms.

The information provided here is the result of an evaluation of the research done for
the state of Nevada and an assessment of the academic research that deals with the role of
environmental amenities in business location decisions. Section 2 provides an overview of
how the influence of environmental amenities on a firm's costs and the personal preferences
of decision makers are typically incorporated into conventional economic analysis. It also
indicates how the importance of amenities, disamenities, and perceived risk varies, depending
on the size of a firm. Section 3 describes the methodologies and specifies the amenity
variables that have been used in studies of industrial location behavior, and Section 4
considers the findings of this research. Section 5 considers research conducted for the state
of Nevada; data, methodologies, and findings are described and evaluated. Section 6
summarizes the first five chapters, discusses the implications of this material for HLW
disposal programs, and offers some recommendations for future research. The recommenda-
tions emphasize the need to (1) identify the effects of amenities on firms of different sizes and
with different products and occupational structures and (2) evaluate the differences between
the intentions and the actual behavior of business decision makers in response to the siting
of HLW disposal facilities.
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2 THEORETICAL AND CONCEPTUAL CONSIDERATIONS

2.1 INTRODUCTION

As already indicated, environmental amenities may be important factors when
locations for business activities are being chosen. A systematic determination of the
importance of environmental factors in business location decisions, however, requires that
a theoretical basis be developed to examine this relationship. This section describes the
general framework that is used to incorporate environmental factors into the decision-making
process used by firms to evaluate new and existing locations. The first subsection discusses
the pricing of amenities and disamenities in conventional economic analysis in general terms.
It is followed by a discussion of the effects of amenities on location decisions, both direct
effects (those that directly influence a firm's costs and profitability) and indirect effects (those
that influence the price a firm has to pay for land and labor).

2.2 PRICING OF AMENITIES AND DISAMENITIES

Conventional economic analysis usually places the evaluation of environmental
amenities within the context of a cost-benefit framework, in which environmental amenities
are treated as an additional production requirement that may affect production costs and
profitability either directly or indirectly. Firms make calculations of the costs and benefits
of alternative courses of action. They prefer options with greater net benefits. To determine
which options these are, a firm must evaluate all the conditions that affect its revenues,
costs, and profits, one of which may be amenities. The prevailing geographic distribution of
amenities can therefore be seen as having definite costs or benefits to an individual firm,
providing an incentive for the firm to change the type, level, or location of its operations if
the geographic variation in delivered cost is a significant location factor. The value of an
environmental amenity to a firm depends on its contribution to utility, and the price of
obtaining the amenity (or avoiding the disamenity) determines whether it will be sought or
whether access to it will be maintained. The extent to which environmental amenities are
priced and the determination of who pays for them may depend on three things: the type of
environmental amenity, the importance of the amenity to the firm, and location of the
amenity (Davis et al. 1980).

Although many environmental amenities and disamenities are unevenly distributed
geographically, they may be available to all firms in an area, and no special premium may
be needed to obtain or avoid the environmental amenity. For example, the value of the
amenities may be reflected in the price of housing or land. The price of these amenities will
therefore be determined in the marketplace (i.e., firms requiring access to the environmental
amenity will pay the highest price), eventually producing a market-clearing equilibrium. The
extent to which amenities are priced and the extent to which firms are willing to pay for
them (or to avoid them in the case of disamenities) are determined by the degree to which
environmental amenities pass through markets. Studies of property values and wage rates
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suggest that environmental services are partially or fully priced in the markets for
nonenvironmental goods and services (e.g., land, housing, and labor markets).

In assessing the value of environmental amenities to a firm, a distinction is usually
made between the value of the amenity provided and the price the firm has to pay to receive
it. An environmental amenity will have a positive value if its contribution to a firm's net
benefits is positive or its contribution to costs is negative. The firm may or may not have to
pay for the utility it receives from an amenity; if it does pay, the firm may not have to pay
a price equal to the value of the amenity. If the two elements were equal, for either
amenities or disamenities, there would be no possibility of net environmental benefits and
no net environmental incentives for the firm to change production or location decisions.
Differences between the value and price of environmental services do exist, however, and they
are critical to changes in a firm's behavior. In the case of both a single firm and all firms,
it unlikely that net environmental benefits will be zero.

For the single firm, in the short run, it is assumed that the value of an environ-
mental amenity is given and that the net benefits from the environmental amenity will
depend on the price of the amenity. This price is assumed to vary across locations as a result
of variations in (1) climate and water quality, (2) usage rates, and (3) price sharing. For
example, if a firm requires water of a certain quality, various options exist. The firm may
be able to find an easily accessible source of water of that quality. If all locations with
accessibility are occupied, however, the firm may be able to find a site at which it will pay
higher access costs or pay for quality improvement. A range of nonzero net benefits exists
for firms across sites and could provide the necessary net benefits for a firm to change its
production or locational behavior.

For all firms, it is also unlikely that environmental net benefits will be zero. Two
locations with different amenity values may be available to a firm, one providing amenities
and the other disamenities. If the firm were to pay an amount equal to the amenity in the
first location and receive compensation equal to the disamenity in the second location, the
choice of a site would not matter. However, it is unlikely that a firm locating in the
disamenity location would obtain any real compensation for remaining in such a location;
therefore, an incentive would exist for some change in the firm's behavior.

2.2.1 Direct Effects of Amenities on Business Location Decisions

Environmental amenities may directly affect location decisions through their effect
on the production technology that a plant or firm must use in any given location. For
example, extremes in climate or water or air quality could create a need for special building
expenses or capital equipment, or high crime levels could create a need for security services.
It is assumed, therefore, that firms will be able to assign values to amenities that enter
directly into their production function, regardless of how they are priced.

Climate can influence capital and operating costs in cases where specific conditions
of-temperature and humidity are needed for the production process (these can demand
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significant heating and cooling costs). Because changes in energy costs may make these
plants more sensitive to extremes of climate, these costs may become a more relevant location
factor. Fuchs (1962) suggests that the favorable climate in the West, particularly southern
California, has been crucial to the development of the aircraft assembly industry there, with
consistent, clear, mild weather providing advantages for businesses associated with the
production, testing, storage, and delivery of aircraft.

Some locations may provide lower costs to firms through the external economies
affecting certain environmental amenities that may be inputs to firms (Davis et al. 1980).
For example, the availability of a range of educational options may reduce the cost of training
or retraining employees. Conversely, external diseconomies such as traffic congestion may
increase a firm's transportation costs.

The need for a particular natural resource may draw certain business activities to
certain locations and away from others. For example, this situation might occur for iron and
steel manufacturing, chemical, and oil refining plants, which may need to be located close to
supplies of water as a production input or as a source of energy.

The degree of pollution in an area may affect the production costs of firms differently,
depending on their location. In addition to utilities, many manufacturing firms may be
required to bear the cost of controlling a range of emissions, usually to meet a specified local
standard. The costs of compliance with these standards may be different, depending on
existing pollution levels; these costs influence the choice of location for any firm attempting
to locate a plant that would be required to meet these standards. In addition to marginal
changes in ambient air conditions, the prospect of substantial changes in pollution levels may
also affect the choice of location for a new firm or plant. Attempts to site a polluting plant
in an area in which no such facility has ever been located may be problematic, even if the
plant were to comply with existing standards. There may be considerable uncertainty
regarding the impact of the plant, which could lead to an extended and costly permitting
process. The firm may therefore prefer to site new plants at locations where other plants
already exist or may be able to site only smaller plants in new locations (Stafford 1986).

It has been suggested that higher levels of environmental amenities contribute to
higher productivity and that amenities below a certain level lead to a decline in productivity.
Quante (1976) indicates that many firms locate their headquarters in suburbs to take
advantage of higher levels of amenities, because of the effect they have on the productivity
of executive personnel. Additional quality-of-life considerations may lead to geographic
variations in different firms' costs. For example, an area with a high crime rate may require
a firm to increase its expenditures (for security, repair of vandalism, replacement of stolen
equipment, and property insurance) (Davis et al. 1980).

2.2.2 Indirect Effects of Amenities on Business Location Decisions

The value of an environmental amenity, which affects its availability and price, is
not necessarily known directly by the firm. For most amenities, value is inferred indirectly
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from the value of the nonenvironmental inputs (land and labor) and from the price the firm
has to pay for these inputs. The price of an environmental amenity in this sense, therefore,
has two functions: it influences efforts to gain access to direct environmental inputs and it
influences the usage rate of nonenvironmental inputs through its effects on their availability
and price.

Environmental amenities may indirectly affect a firm's behavior if the consumption
of these amenities affects the nonenvironmental elements of the firm's cost function. For
example, consider a polluting firm that requires water as a production input and a means of
transporting residual materials and tiiat also requires workers for occupations that demand
highly mobile and skilled staffs. If the employees were to value the quality of the water more
highly (i.e., as a consumer good) than the income they were to receive from the polluting firm,
labor costs for these occupations could rise if there were some out-migration from the area.
Shortages in staff could result if employees could not be sufficiently compensated.

The more indirect the effect of an environmental amenity is, the less likely it is that
the firm will attach the full value to its consumption of this amenity. The indirect effects of
a firm's consumption of environmental amenities are likely to be undervalued, because correct
valuation would require information about the values attached to amenities and disamenities
by providers of nonenvironmental inputs and information about the prices that firms pay for
these amenities and disamenities. It is unlikely that most producers would have information
about the ways disamenities affect residential location decisions or about the size of the
amenity premium being received in amenity-rich regions.

The degree to which the value of a specific amenity is capitalized in the prices of
nonenvironmental goods and services depends on three things: the relative accessibility of
the amenity, the relative mobility of the firms that value the amenity, and the number of
alternative locations at which the amenity is available. The degree of accessibility to an
environmental amenity changes the potential number of firms that may want to remain in
a location or relocate. The more accessible an amenity is, the more firms there may be that
want to be located close to it. The degree of mobility of a firm is its ability to move to or
away from a given location. Open access to an amenity and high levels of mobility in firms
that value the amenity put upward pressure on the demand for land in places where the
amenity is available. If these locations are in short supply, the price of land for new business
locations will continue to rise until the price fully reflects the value of the amenity resource.
On the other hand, if access to an amenity is restricted or if there is limited firm mobility,
even if many locations offer the amenity, prices are less likely to reflect the value of the
resource. As a result, in these situations, nonenvironmental goods will be underpriced.

The transition from heavy manufacturing to light manufacturing and manufacturing
that relies on information technology and service industries has increased the demand for
pools of highly specialized labor at a rate much faster than its increase in supply. Therefore,
within this occupational group, many technicians, engineers, scientists, and managers are
being given greater opportunity to express their locational preferences. Many have become
increasingly mobile and exhibit a preference for amenity-rich areas. Certain functions of
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firms (corporate headquarters, R&D, high-tech manufacturing, and offices in particular) may
thus be drawn to areas with high amenity values bemuse of their labor force requirements.
On the other hand, firms that locate in less preferred areas may find it difficult to attract the
necessary skilled personnel, even if they provide higher salaries to compensate for their
location.

The phenomenon of locating facilities for high-level jobs in response to the geographic
availability of certain occupational groups has been observed, particularly with respect to the
location of corporate headquarters. Quante (1976) indicates that the location of these
facilities is an attempt to cater to employees who require not only security and good salaries
but also satisfaction of their nonprofessional and family needs. Corporate relocations in
response to these needs have been well documented, particularly those moves from traditional
manufacturing centers in the Northeast and Midwest to newer urban centers in the South
and Southwest that have taken place throughout the postwar period.

The amenity considerations of certain occupational groups have also affected
decisions on where to locate within a metropolitan area. Quante (1976) compares New York
City with its surrounding suburbs as a location for corporate headquarters. Executives and
other highly paid employees prefer a work environment that has amenities similar to those
of their residential environments and is located nearby, thus reducing the commuting
distance to be traveled. The "psychic income" effects of suburban locations have now become
apparent in the location decisions made by many other business functions to which access to
urban labor markets was traditionally the primary determinant of location (U.S. Congress
1982; Rees and Stafford 1984; Kutay 1986).

2.3 ROLE OF AMENITIES IN LOCATION DECISIONS MADE BY
DIFFERENT TYPES OF FIRMS

Some businesses are located not only to satisfy th& environmental preferences of
specific occupational groups but also to satisfy the preferences of the firm's owner or location
decision makers. Amenities probably play a major part in the development of these
preferences. This hypothesis leads one to question some of the assumptions on which location
theory has been based, particularly the assumption that owners or decision makers make
choices that fit within the notion of the "rational economic man" or the need to maximize
utility (which conventionally excludes consideration of personal preferences) in every aspect
of the operation of a business, including its location. The work of Greenhut (1956) and later
reviews of industrial location literature by Logan (1966) and Smith (1981) note that a
substantial amount of empirical evidence supports the importance of personal factors. The
main conclusion of the reviewers seems to be that cost factors establish a broad region within
which a location will be considered, and personal factors narrow the choice to a small number
of locations or perhaps even a single location (Stafford 1974,1980; Smith 1981).

Personal factors are often more closely associated with a person's attachment to and
familiarity with an area than with environmental amenities (Davis et al. 1980). Executives
of small and medium-sized manufacturing firms have often been shown to prefer locations
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close to their hometowns. These preferences might represent their preference for a particular
region or environment, loyalty to a particular town or state, desire to be close to family, need
for security, or desire to maintain cultural and social bonds in the local community.
Entrepreneurs may rate certain locations over others in terms of their role as potential
consumers in those areas. Community and other quality-of-life factors such as housing size
and the quality of schools and recreation facilities are often part of the decision-making
process. Quante (1976) and Schmenner (1982) suggest that these considerations may also
influence the location of larger corporate facilities (such as corporate offices or headquarters),
where the primary locational determinant may be the need to reduce the commuting time of
senior executives living in amenity-rich residential locations. On this basis, it is likely that
many service activities, at least, will be located in areas that are rich in residential amenities
and have better educational standards and lower crime rates.

Incorporating the influence of the personal preferences of entrepreneurs or top
decision makers for a particular location into a conventional economic analysis is problematic.
The evaluation of a location as a site for a business may be a highly subjective process, and
it may not be possible to predict the outcome of a firm's location decision in cases where
environmental conditions play a significant part. This inability to predict presents a major
problem for policymakers, particularly those who are devising economic development policies
to attract new manufacturing and service activity into an area and those working in areas
where business location decision makers could perceive environmental conditions as being
subject to significant change in the future. The qualitative aspects of a firm's location
decision with respect to the environment have been dealt with in the literature within a
theoretical context, but only through their indirect effect on location decisions. The
assessment of new and existing locations with respect to the provision of amenities is
essentially an empirical task, because no theory, and therefore no predictive framework, is
available to guide the policymaker.
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REVIEW OF METHODOLOGIES AND SPECIFICATION OF
ENVIRONMENTAL AMENITY VARIABLES USED IN

INDUSTRY LOCATION ANALYSIS

This section discusses the methodologies and variables that have been used in the
academic literature to determine the effects of environmental amenities on business location
decisions. Econometric or survey-based factor-ranking approaches have been the usual
methodologies chosen.

3.1 ECONOMETRIC STUDIES

Econometric analysis of the importance of environmental factors in the location of
businesses involves the analysis of aggregate national, regional, or metropolitan (standard
metropolitan statistical area or SMSA) data. The relationship between the distribution of
environmental amenities and patterns in the location of business activity is usually estimated
through multivariate regression analysis.

3.1.1 Description

Econometric studies of business location decisions that involved a consideration of
environmental factors attempt to relate environmental variables, together with other factors
thought to influence location decisions, to changes in the level of industrial activity such as
employment, value added, or investment. Data are typically at the county, metropolitan,
state, or regional level rather than at the level of an individual business or plant.
Econometric techniques have a number of advantages and disadvantages for use in the
analysis of business location decisions (Calzonetti and Hemphill 1990). The most obvious
advantages are that (1) the data required are easily accessible, making research involving the
technique relatively inexpensive; (2) the researcher can distinguish the effects of each
independent variable by controlling for the remaining variables in the data set; and (3) the
researcher is evaluating observed rather than predicted behavior. The major disadvantages
of econometric analysis are related to (1) the extent to which the data used can accurately
and completely measure the phenomena under observation and (2) the need to infer behavior
from the results of the statistical analysis.

Because the purpose of this report is to provide an assessment of the techniques used
to evaluate the importance of environmental factors in business location decisions, coverage
here is limited to models that explicitly consider environmental amenities. A comprehensive
survey of the various econometric techniques that have been used in industrial location
research, along with their advantages, disadvantages, and data sources, can be found in
Bartik (1985) and Calzonetti and Hemphill (1990).
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3.1.2 Specification of Environmental Variables

Incorporating environmental amenities into econometric studies of industrial location
has been problematic because of the difficulty in "operationalizing amenity concepts and
collecting data for them" (Davis et al. 1980, p. 104). Analysis of the importance of amenities
has often been limited to climatic variables. For example, Fuchs (1962), in a nationwide
survey of value added growth in manufacturing, uses average monthly temperature for the
largest city in each state. Wheat (1973) uses the January mean temperature in the largest
city in each state and a measure of latitude. In a later survey, Wheat (1986) includes
additional variables. The location of retirees is used as a proxy for amenities on the basis
of the assumption that counties where retirees locate are often near lakes, an ocean, or
mountains. Wheat also uses rural attraction as a variable in his model, although he does not
distinguish between rural-area in-migration in response to employment opportunities and
that in response to the area's amenity values.

Other studies of locational determinants have used a mixture of variables to specify
amenities. Markusen et al. (1986), in a study of high-tech manufacturing, use climate,
housing prices, and educational options to reflect the environmental amenities of a location.
The availability of scientific and technical labor is being increasingly cited as a crucial
locational determinant for the manufacture of high-tech products and, as such, has been used
as a proxy for environmental amenities. Keeble (1980, 1989) thinks that the residential
preferences of these occupational groups reflect the geographic distribution of amenities.
Because these occupational groups often provide the impetus for the foundation of many
firms, the positive aspects of local and regional environmental features can therefore
indirectly affect the location of business activity.

3.2 INDUSTRIAL LOCATION SURVEYS

In contrast to econometric techniques, survey-based approaches attempt to evaluate
factors important in the location decision at the microeconomic level. Since many of the
problems inherent in measuring the value of environmental amenities in econometric analysis
do not occur in industrial location surveys, this form of analysis has a much greater potential
for exploring the role of environmental amenities in industrial location decision making.

3.2.1 Description

This section provides an overview of the specification of environmental amenities in
business location surveys. A comprehensive survey of the advantages and disadvantages of
the survey methodology and data sources that have been used in industrial location research
can be found in Calzonetti and Hemphill (1990).

Industrial location surveys ask entrepreneurs, plant managers, or other key
personnel to rank factors that were or would be important in choosing a new or different
location. These factors are then correlated with plant characteristics, and the factors
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important in the choice of location are correlated with certain types of plants or industries.
Decision makers from a sample of firms or plants are surveyed directly through mail or
telephone questionnaires or face-to-face interviews.

3.2.2 Specification of Environmental Variables

In their simplest form, surveys of environmental amenities as influences on the
location of businesses require respondents to rank locational determinants from a pre-
specified list of relevant factors. These surveys are often somewhat limited in their coverage
of amenity variables. For example, Matz (1979) concentrates on amenities more likely to be
important in the intraurban location of business: the importance of crime level, quality of
schooling, and cultural attractions in 10 large U.S. cities.

A significant problem with the specification of amenities lies in the subjectivity
inherent in the design of the survey. Most location surveys consist of closed rather than
open-ended questions; respondents are asked to rank determinants from a given list of
possible factors. There are clear advantages to the researcher using such a method.
Standardization of responses allows easy analysis of the results once the survey is complete.
Open-ended questionnaires, on the other hand, rely heavily on the skill and knowledge of the
interviewer and can be very time consuming.

To attempt to overcome the subjectivity problem related to closed questions, some
surveys do not ask respondents to rank factors but only to state whether they were or would
be important in a location decision. The researcher then ranks the responses on the basis
of the percentage of respondents who assigned some importance to each factor. For example,
McMillan (1965) asks whether pleasant living conditions and cultural and recreational
facilities would be important in the evaluation of a location.

The most effective way to reduce the level of subjectivity in location surveys,
however, is to reduce the sample size to a comparatively small number and conduct the data-
gathering exercise through face-to-face interviews of potential respondents. This procedure
is likely to reduce the preconceptions researchers may have about a firm's behavior, which
is often reflected in the design of surveys of larger samples. Stafford (1974), for example,
attempts to determine the importance of local amenities (stores, housing, schools, and
recreational facilities) in location decisions by using a sample of only eight firms. These local
amenities are compared with induced amenities (i.e., those used by local authorities to
encourage firms to relocate; in this case, special recreational facilities).

The McMillan (1965) survey of locational determinants is concerned with assessing
the factors likely to be important in choosing hypothetical new locations. This type of
discussion of potential actions rather than of existing behavior overcomes a significant
problem that often arises in location surveys, when respondents are either not able to recall
the criteria used in choosing their present location or not sure of the importance attached to
the original criteria (which may be different than the importance today, given current cost
and market considerations). This type of survey may be particularly useful in the
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assessments of amenities; a firm may feel it is more flexible in its locational requirements
now than it was when it made its original choice and that it could now respond to changes
in environmental features that would affect its present location more positively.

Some firms consider a wider range of possible locations before finally selecting a
place to do business. It has become apparent that the search for new locations often has two
distinct elements. A firm may first attempt to choose among regions of the country. Then,
once a region is chosen, it may select a specific site from all those available within the region.
Certain amenities may be more important at the regional level than they are at the local
level, and vice versa, and this difference often affects how they are specified in empirical
research. Spooner (1973) and Stafford (1974) used evidence from open-ended, face-to-face
interviews of plant managers to assess the importance of amenities at both spatial scales.
Schmenner (1978) performed the same exercise for the aesthetic quality of areas within a
region.
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4 FINDINGS IN THE LITERATURE

4.1 INTRODUCTION

The importance of environmental factors in business location decisions was first
noted by Ulmann (1954). He suggests that there is a direct relationship between the shift
of population to the South and Southwest and this area's superior climate and recreational
opportunities (when compared with those of the traditional population centers in the
Northeast and Midwest). The rise in per capita incomes, the growth of tourism, and the
location choices of retirees, as well as the decline in the importance of traditional influences
on business location decisions, have made possible the substantial shifts that began to occur
during the 1950s and 1960s.

The environmental characteristics of locations have often been cited as important in
industrial location decisions (Chisholm 1964; Eversley 1965; Hall 1970; Stanback and Knight
1970; Smith 1981; U.S. House of Representatives 1974; Quante 1976; Svart 1976; Keeble
1976,1978, x988,1983; Kale and Lonsdale 1979; Ballard and James 1983; Hoare 1983). The
promotion of environmental features by planners and local authorities as a means of
attracting new industry has also been considered (Burgess 1982; Raitz 1988). Comparatively
little empirical work on the importance of environmental factors in industrial location
decisions has been undertaken, however. This section reports the findings of econometric
analysis and industrial location surveys that have attempted to evaluate the importance of
environmental amenities in business location decisions. As much as possible, discussions of
the findings on the importance of environmental factors to service industries are separate
from discussions of their importance to manufacturing industries.

4.2 ENVIRONMENTAL AMENITIES AND THE LOCATION OF
MANUFACTURING INDUSTRIES

4.2.1 Econometric Analyses

The use of an econometric modeling framework in attempts to measure the effects
of environmental factors on industrial location is limited by difficulties in collecting plant-
level data. Consequently, measures of regional activity must be used to reflect a firm's
location behavior. Much of this work has also been limited to using climatic variables to
measure the level of amenities in a location. For example, Fuchs (1962), in an attempt to
explain the comparative growth in value added in manufacturing between 1929 and 1954,
uses wage levels, extent of unionization, availability of space (population density), and
climate (average monthly temperature) as exogenous variables. Unionization, population
density, and climate are found to show strong positive relationships with growth in value
added. Fuchs concludes that, when the location for an industry is being chosen, climate has
been an important factor to a number of key sectors in the economy, particularly aircraft
manufacturing and subsidiary industries and military establishments.
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Wheat (1973,1986) conducted two nationwide surveys on the relative importance of
factors contributing to state manufacturing employment growth. In his earlier work, Wheat
relates absolute employment growth, per capita employment growth, and percentage growth
at the state level between 1947 and 1973 to markets (population and income density), labor
(wage levels, unionization), labor threshold (to provide an adequate economic development
base), land resources, and agglomeration economies. Two climatic variables are specified:
the January mean temperature for each state's largest city and a measure of latitude. Wheat
finds that climate had the second largest impact on growth in the dependent variables.
Markets are found to be the dominant influence on manufacturing employment growth.

In his second survey, Wheat evaluates 10 factors contributing to percent change in
manufacturing employment in the 48 contiguous states over the period 1963 to 1977. Of
these factors, climate, labor thresholds, rural attraction, and number of retirees are found to
be significant. Wheat uses the somewhat simplistic assumption that the number of retirees
in a location indicates its level of environmental amenities; he suggests that there is a close
association between concentrations of retirees and positive aspects of natural environments.
Wheat also finds rural attraction to be the third most important independent variable in his
model, although he is unable to specify whether this result indicates in-migration to rural
states (which would create growth in agricultural industries and attract noncompetitive labor)
or aversion to cities.

Plaut and Pluta (1983) also find environmental amenities to be significant factors
in industrial employment growth over the period 1967 to 1977. They use four groups of
independent variables (markets, factors of production, environment and climate, and state
business climate) and three measures of industrial growth (industrial output growth, percent
change in employment, and percent change in real capital stock). The study concludes that
both growth in output (value added) and percent change in employment are related to
climate.

Although patterns of industrial activity and industrial growth seem to be at least
loosely related to the geographic distribution of environmental amenities, it is very difficult
on the basis of the evidence presented to specify how the environment influences the
dependent variables chosen. Many of these analyses are aimed at measuring direct cost
effects associated with variations in climate across the country. Yet some specification is also
necessary of how the climatic variables chosen indirectly affect business location decisions
through their effect on the nonenvironmental aspects of a firm's cost structure. As indicated,
environmental features may also be important factors in the location of industry, through
their influence on the distribution of specialized professional and technical labor.

For many occupational categories, it is not clear whether the geographic distribution
of employment opportunities influences migration patterns or whether (as is indicated for
high-tech manufacturing) certain firms or business activities locate close to pools of
specialized labor. An important part of the measurement of the effects of environmental
factors is therefore the incorporation of corporate residential space preferences into the
evaluation of industrial location decisions (Keeble 1976). The importance of environmental
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factors in influencing the migration and residential preferences of professional and technical
labor is featured in the literature that deals with the location of high-tech industries. The
materials and final products of this industrial group are typically very high in value in
relationship to their weight, meaning that production centers are highly mobile in nature and
that transportation costs are of minimal importance. Of the traditional location factors, only
labor and agglomeration economies are of significance to high-tech industries. It has been
suggested that concentrations of these industries have a bipolar labor market (i.e., they use
a small number of highly skilled professionals and a large number of low-paid, routine
process and assembly workers) (Storper and Walker 1984; Saxenian 1985). The professionals
have a critical influence on location, because there are relatively few of them available, they
are highly mobile, they are willing to change firms, and they tend to put a high value on
quality-of-life factors.

A study by Markusen et al. (1986) attempts to model the location of high-tech
industries in the United States in a multiple regression format. On the basis of data from
the 264 SMSAs in 1977, the model attempts to explain variations in four dependent variables
(number of plants, change in the number of plants, number of jobs, and change in the number
of jobs). Twelve independent variables in the model fall into four groups: (1) characteristics
of the local labor force (wage rates, unionization rate, unemployment rate, and percent
Black); (2) metropolitan amenities (climate, housing prices, and educational options);
(3) access features (freeway density and access to a major airport); and (4) agglomerative
features (presence of major business headquarters, range of business services, and R&D
funding). Seven of the twelve independent variables are found to be highly correlated with
plant location, and six show a close association with the employment variables. Airport
access, presence of Fortune 500 headquarters, and minority presence are significant for plant
location but not for employment. Amenities (housing prices) and per capita defense spending
are significant factors for employment distribution but not for plants.

Keeble (1989) finds environmental factors to be important to many entrepreneurs,
particularly those in high-tech manufacturing industries. The decision by certain
occupational groups (e.g., scientific and technical labor) to migrate to a location on the basis
of environmental factors may be closely linked to the subsequent establishment of new firms.
Firms may relocate parts of their operation to areas where there are high concentrations of
mobile employees in scientific and technical occupations. A significant proportion of new
product lines within the high-tech manufacturing sector are started by former employees of
older, larger firms who are beginning new, independent firms. These older firms may
maintain their existing amenity-rich locations or move elsewhere in response to a new set of
locational criteria, one of which may be environmental factors. Although it is not clear
exactly how residential preferences influence the relocation of existing business activities and
location of newly formed businesses in non-high-tech sectors, evidence from the high-tech
sector may indicate more general developments, since the structures of manufacturing
organizations are changing and the emphasis on service-based occupations is increasing
(Quinn, Doorley, and Paquette 1990).
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Research in the area of location decision making is still evolving. Keeble (1980)
attempts to explain variations in manufacturing growth in Great Britain on the basis of
manufacturing employment density, real value of governmental regional policy incentives per
unit of private sector investment, and an index of residential space preference. The basis of
the index is a sample of 100 manufacturing firms. Respondents were asked to identify 5 of
24 British regions in which they would most and least prefer to live. The scores were then
subjected to principal components analysis (Gould and White 1968) and used in the
regression model.

Keeble finds no relationship between manufacturing employment growth and the
preference index. There is a high negative correlation between the index and the measure
of investment incentives, however, indicating the unattractiveness of areas singled out for
government assistance in the 1970s. Keeble indicates that, although the residential
preferences do not seem to have influenced manufacturing location during this period, this
was a period of prolonged industrial decline in Great Britain. This situation contrasts with
that throughout much of the 1960s, when manufacturing location seemed to be related to the
preference index.

4.2.2 Industrial Location Surveys

Although the importance of environmental factors in the location of businesses has
often been considered in industrial location surveys, the results are somewhat ambiguous.
In a review of surveys of industrial location factors, Oster (1975) concludes that amenities
are of minor importance in the location of manufacturing industries. An earlier work,
McMillan (1965), finds that amenities play only an intermediate role. Both reviews conclude
that in surveys, market and labor factors are usually ranked as the most significant location
determinants.

Incorporation of environmental factors into location surveys has often been
problematic, particularly with respect to the validity of responses (Davis et al. 1980).
Consequently, the role of amenities can be somewhat understated, especially when surveys
are "post-move" rather than "pre-move." Matz (1979), in a survey of 2,300 firms in 10 U.S.
cities, asked respondents to rate characteristics according to how strongly each was likely to
encourage expansion at the present location or relocation. Results show that three amenity-
related responses (crime level, quality of schools, and cultural attractions) rank in the top
seven. Eighty percent of the respondents claimed that these characteristics either strongly
encourage or discourage likely future action. Results from a survey by McMillan (1965) are
similar. Respondents were asked to choose important characteristics of possible new sites
for a hypothetical move. Results show that, of 30 possible responses, amenities (pleasant
living conditions) rank 15th (39% of the respondents listed them as important), and
recreational and cultural facilities rank 25th (25% thought they are important).

The importance of amenities also seems to vary according to the spatial scale at
which the location decision is made. Schmenner (1978) conducted a survey of headquarters
in the New England region in an attempt to establish which factors are important in plant



26

site selection. Results show that at the regional level, markets (73% of respondents ranked
markets as important) and labor (wages 49%, labor skills 40%) are most frequently ranked
as important. Amenities (aesthetic quality) are important to 9.1% of respondents. At the
local level, amenities assume more significance; 17.6% of the respondents deemed them to
be important. No respondents ranked amenities as the single most important factor at the
regional level, however, and only 2.8% did so at the local level.

Results from Spooner (1973), however, show that amenity factors are more important
in a regional search. Spooner conducted a survey of 247 industrial facilities that had moved
into the Devon and Cornwall region of Great Britain over the period 1937 to 1967. Eight
factors were considered. Of the plants surveyed, 29.5% indicated that the region was
attractive to key workers and management; 22.5% cited the availability of labor supply, and
only 12% cited proximity to other plants in the region. When the number of plants that
mention a factor is considered, amenities also rank second. Sixty-five percent of the plants
cited labor as an important factor, and 49% cited amenities. Proximity to other plants and
regions and other labor advantages (captive labor market, militancy, and labor costs) were
mentioned by 24% of the plants.

Researchers using large samples have been criticized for their subjectivity in the
identification of factors. In some cases, they may have preconceptions about a firm's behavior
that could discourage decision makers from specifying relevant location factors. To overcome
this problem, Stafford conducted a survey of manufacturing relocation in southeastern Ohio
and chose to use evidence from only eight firms. Content analysis was used to reveal and
assess the location decision process. Total responses for all factors were considered on the
basis of a complete interview. Each interviewee was asked to briefly summarize the location
decision, and these responses were evaluated. Results in Stafford (1974) show that local
amenities rank seventh (61 of 1,917 responses), after personal contacts, labor factors
(productivity, rates, and availability), transportation, and markets. Induced amenities (i.e.,
those specifically installed to attract new firms) rank 13th (with 17 responses). In cases in
which the decision maker was asked to summarize the location decision (evaluative response),
however, local amenities rank fourth (49 of 548 responses).

Responses were disaggregated to four spatial scales: national, subnational, regional,
and local. Stafford (1974) indicates that of the total responses, induced amenities rank in the
last three at each spatial scale, but local amenities seem to become more important the more
localized the decision process becomes. Local amenities rank sixth (22 of 308 responses) at
the regional scale and third (36 of 350) at the local scale. At both scales, however, the
primary factor, personal contacts, is clearly the dominant factor, being mentioned in 71 of
308 responses at the regional level and 109 of 350 at the local level. Similar results occur
in the evaluative responses, with local amenities being more important at the regional (sixth,
15 of 172) and local (third, 32 of 223) levels. Again, personal contacts seem crucial to the
location decision, particularly at the local scale.

A number of industrial location surveys recently conducted consider the importance
of amenities in the location of high-tech industries. McGregor et al. (1986) discuss results
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of a survey of 85 high-tech manufacturing and service firms in Berkshire (west of London in
Great Britain) that are involved in the manufacture of electronic data processing equipment,
telecommunications equipment, and consulting services. A control group of firms taken from
all firms in the area was established according to size of firm, sector, and years at present
site. Chi-square tests were then conducted to establish differences in importance for a series
of location factors. In descending order of importance, these factors were communications,
accessibility, staff availability, and amenities (environment and housing). Results in
McGregor et al. (1986) show that amenities were perceived as a favorable locational
inducement by 51% of the respondents in high-tech firms and only 33% of the respondents
in the control group of firms.

Results of a subsequent survey of 40 high-tech firms in the same area of Britain also
reveal the significance of amenities to firms in this sector (Hall et al. 1987). Hall and
colleagues defined high-tech on the basis of the percentage of the work force in technical
occupations in each standard industrial classification (SIC) group (as in Markusen et al.
1986). They then extracted 10 SIC groups from this list on the basis of their R&D intensity.
The firms surveyed were then separated into three groups: U.K.-based/single-site firms,
multisite firms, and multinational/multisite firms. These firms were asked which location
factors were important to them, and the responses were categorized into five groups:
(1) labor (availability and cost), (2) environment (housing cost and availability, cultural and
recreational facilities, pleasant place to live, good environment, and social relationships with
others in the same industry), (3) accessibility, (4) agglomeration (access to government R&D,
universities, business services, local customers, and suppliers), and (5) premises (quality,
availability, and cost).

Survey results show that environmental factors are considerably more significant to
multisite firms (both U.K. and multinational) than single-site firms. Forty-four percent of
the multisite firms responded negatively to housing cost, but they viewed other
environmental attributes positively; between 6% and 22% of the responding firms specifically
mentioned them as factors that influence choice of location. For the single-site firms, of all
the environmental factors, only "pleasant place to live" was mentioned by more than 10% of
the respondents. Of all the firms, 20% listed "a pleasant place to live" and 13% mentioned
"a generally good environment" as location factors.

4.3 ENVIRONMENTAL AMENITIES AND THE LOCATION OF
SERVICE INDUSTRIES

Apart from Hall et al. (1987), who consider telecommunications services as part of
a broader study of high-tech industry, there appears to be no empirical evidence that links
amenities to the location of producer services. However, some evidence has been collected
that links environmental considerations to the location of offices and office employment.

The work by Rhodes and Kan (1971) discusses results of a survey of 60 commercial
offices that had either partially o completely moved from central London. Factors that
apparently influenced this movement were related to cost (primarily operating costs) and
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noncost factors (contact with other office firms, key personnel, inertia, company prestige,
availability of space and office staff, and environmental factors). Results show that managers
apparently place considerable value on the quality of the area surrounding a new location,
particularly with respect to its lack of manufacturing base or the likelihood of one developing
in the future.

Pacione (1982) considers the affect of amenities on potential office relocation
decisions through an assessment of the residential space preferences of 100 office workers in
two government office facilities in central London. Respondents were asked to rank
20 regions in Great Britain on the basis of residential desirability. Principal components
analysis was then used to aggregate the responses and obtain a score for each region (as in
Gould 1967). These differences in "psychic income" clearly indicate preferences for southern
and central Britain. Respondents were then asked to specify a salary increase required to
compensate them for a move from their present location. Results show that salary increases
should be 10% to 25% for a move to the surrounding area, 100% for a move to northern Great
Britain and southern Scotland, and 500% for a move to Ireland.

An open-ended questionnaire then allowed respondents to list factors important in
their choice of a place to live and work. The responses were grouped into five categories, and
the number of times each factor was mentioned was counted. The groups were (1) housing
(cost 8.4%, quality 5.5%, and residential environment 2.9%), (2) local facilities (shopping 6.9%,
education 6.9%, recreation 5.1%, and entertainment 8.0%), (3) accessibility, (4) economic
factors (costs for journey to work 5.3%, employment for family 3.8%, and type of work 3.4%),
and (5) environmental factors (access to countryside 10.5%, climate 5.9%, scenery 5.3%, and
local people 5.2%).

A study by Burns and Pang (1977) considers the importance of amenities in a
decision to relocate corporate headquarters. Thirty-eight headquarters were asked to rank
25 possible factors for two types of relocation decisions, between two central city locations and
between a central city and a suburban location. Results show that four of the six factors
rated high for moves between cities are related to amenities (cultural attractions, university
facilities, entertainment, and environment). Factors important for moves from the city to a
suburb are cost related (lower wages and business taxes, rents, space availability, and the
opportunity to consolidate office functions).

Ley (1985) compares levels of satisfaction at two Vancouver headquarters locations,
one downtown and one suburban, to establish whether the amenity aspects of a suburban
location can compensate employees for the longer time it takes to journey to an outlying
location. A total of 229 employees were interviewed and asked to identify reasons for
preferring the location in which they worked. At the downtown location, of the eight factors
cited, four were amenity related (shops, services, social and business environments, and
business and activity centers). All but the last of these were cited by more than 30% of the
respondents as reasons for preferring a downtown location. At the suburban location, of the
seven factors cited, three were amenity related (less traffic congestion, proximity to a park,
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and a quieter environment), but only one factor, traffic congestion, was mentioned by more
than 30% of the respondents.

4.4 SURVEY OF FIRMS IN COLORADO AND UTAH

It is clear from the literature that certain manufacturing firms — and, increasingly,
independent business service firms and business service functions both of manufacturing
firms and of firms providing business services to other firms — are sensitive to the level of
amenities provided in specific locations. West Virginia University (WVU), in conjunction with
Argonne National Laboratory (AND, recently compared the role of environmental factors
with the roles of other factors thought to influence the location behavior of different types of
manufacturing and business service activities (Calzonetti and Allison 1992). Telephone
surveys of firms in Colorado and Utah were conducted. These states were chosen because
of their proximity to Nevada (making them competitive business locations) and because of the
cultural, recreational, physical, and environmental similarities they have with Nevada. The
survey considered factors in six major groups: (1) labor (cost and quality),
(2) communications, (3) market access, (4) taxes, (5) incentives to new businesses, and
(6) amenities (including natural features, cultural and recreational facilities, environmental
quality, and other indexes of quality of life).

Respondents ranked a total of 27 location factors according to how important each
would be to both their local and regional search for a new location. Responses were therefore
premove rather than postmove, reflecting a current evaluation of present locations. The
responses indicate the geographic scale at which each amenity characteristic is likely to
influence the location decision. Both manufacturing and business service establishments
were surveyed, and information on type of plant (e.g., headquarters, single-plant
establishment, multiplant establishment, R&D facility, and back office) was also collected.
Response rates were 31.8% for the manufacturing survey (209 plants) and 42.1% for the
business services survey (214 establishments).

Results show that for the establishments surveyed, choosing a location for a
manufacturing plant or business service establishment would include some consideration of
the level of environmental amenities. This consideration would involve a comparison of both
point sources (cultural and recreational facilities and noxious facilities) and nonpoint sources
(quality of life, pollution, crime, quality of housing, and quality of schools) of both amenities
and disamenities present in a location.

Significant differences seem to exist between manufacturing plants and
establishments providing business services, with the latter being much more sensitive to
amenity considerations. For all manufacturing plants, low business taxes, the cost and
availability of suitable premises, and the attitude of state and local governments toward
business are the most important factors. Quality of education and physical environment also
feature in the top 10 most important factors. Plants with fewer than 20 employees rate
amenities as being more important than do larger establishments, with cost and quality of
housing being an additional factor important to smaller establishments. Across all business
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service establishments, quality of life is the most important location factor, with lack of
crime, natural environment, schools, climate, and housing also ranking in the top 10, after
access to markets. After quality of life and markets, larger establishments place more
emphasis on premises, government attitudes, and taxes than do smaller firms. For smaller
establishments, the emphasis is almost entirely on amenities, with only markets, premises,
and government attitudes also being included in the 10 most important location factors.

Significant differences also seem to exist across the business activities surveyed,
depending on whether a manufacturing plant is a single-plant firm or part of a multiplant
firm, or on whether a business service establishment is a single-establishment firm, part of
a multiestablishment firm, a headquarters, an R&D facility, or a data processing facility.
Results show that branch facilities of multiestablishment manufacturing and business service
firms are much less sensitive to environmental considerations than are single-plant
manufacturing or service firms. This result is related to the occupational structure in each
type of plant. Activities that require higher levels of scientific and technical support seem
to rate amenities as being a more significant consideration in expansion or relocation
decisions, particularly in the case of headquarters and a significant number of single-
establishment service firms.

Follow-up interviews with managers and key personnel at both manufacturing and
business service firms yielded more information on the role of amenities in the location
decision. Results suggest that, although some firms may be attracted to certain amenity-rich
locations (particularly locations with a high level of amenities in the natural environment),
many see a potential new location primarily in terms of the need to minimize contact or
proximity to certain disamenities, with the need to maximize access to amenities being
secondary. The latter is typically the case in situations where nonamenity location factors
can be satisfied in only a limited number of locations, and it particularly applies to
manufacturing and business services requiring specialized, highly educated labor resources.
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5 REVIEW OF RESEARCH FOR THE STATE OF NEVADA

5.1 INTRODUCTION

Many documents produced for the state of Nevada attempt to show the effect of high-
level nuclear waste facilities on the economy of the Las Vegas area. Comparatively little
work, however, considers how the siting of the repository at Yucca Mountain will affect
decisions to locate businesses in the state. This section reviews and evaluates the research
that explicitly considers links among the repository, amenities, perceptions of risk, and
business location decisions.

Five documents consider the influence of environmental factors on business location
decisions. Of these, two consider the competitiveness of Las Vegas as a business location and
the type of development likely to occur in the area in the absence of the repository (Growth
Strategies Organization 1988a,b). Because this report involves an assessment of the
importance of environmental factors to the location of businesses, these two documents are
included in this review. The other three documents discuss surveys conducted for the state
of Nevada that attempt to measure the impact of stigmatization and the perceived risk of loss
in environmental quality on business location decisions (Center for Survey Research 1988;
Decision Research and Mountain West Research 1989; Decision Research 1990).

Additional research on the potential impacts of the Yucca Mountain facility on the
perceptions that business location decision makers have of southern Nevada has been
undertaken for conference location decision making. This research is not reviewed here; refer
to Kunreuther, Easterling, and Kleindorfer (1988) and Easterling and Kunreuther (1990).

5.2 BUSINESS CLIMATE ANALYSIS AND TARGET INDUSTRY ANALYSIS

A business climate analysis and companion target industry analysis (Growth
Strategies Organization 1988a,b) were undertaken for the state of Nevada to determine its
competitiveness as a place to do business, its ability to attract new and expansion
investment, and the type and level of new activity that might be lost because of the
construction and operation of the repository. Part of this evaluation involved an assessment
of the importance of environmental amenities in the location of businesses.

The analysis of the competitiveness of the Las Vegas economy evaluates eight
categories of factors believed to influence business location decisions. These are access to
markets, resources, labor, finance, and space (factors 1-5); level of public sector investment
and regulation (factor 6); tax climate (factor 7); and quality of life (factor 8). Evaluation of
the influence of amenities is limited to an analysis of public sector investment levels (factor 6)
and quality-of-life variables (factor 8).

In the public sector investment category, the level of investment in educational
programs and the quality of public secondary and postsecondary education are considered to
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be amenity-related factors. On the basis of a range of criteria, the analysis finds public
secondary education in Las Vegas to be poorer than the national average. Higher education
is found to be acceptable but to not have any great impact on the overall business climate.

The analysis of the quality of life in Las Vegas as an inducement to new business
location considers seven factors. The first factor, income level, which is considered by
comparing per capita incomes with a proxy for disposable income, is found to be slightly
below average in Las Vegas when compared with other metropolitan areas. The second
factor, the cost of living in Nevada, is evaluated primarily by assessing housing costs; these
are found to be above the national level but below those of California or Phoenix. On the
basis of reported crime statistics, Las Vegas has a crime rate (third factor) that is
significantly higher than the national average for both violent and property-related crime.
The next three factors — climate, recreation, and culture — are briefly considered (climate
only qualitatively) and assessed as being positive with respect to choosing Nevada as a
business location. Finally, the image of the area (factor 7) is considered to be a major
drawback to the location of new businesses, particularly because of perceptions related to the
gaming industry and the proximity of the nuclear test facility. Neither of these image-related
findings, however, is made on the basis of any empirical evidence presented in the report.

The companion target industry analysis is used to evaluate the economic
development potential of the Las Vegas area. Certain industries Cor which the area can
provide competitive locations for new plant and expansion investment are identified. The
report develops a locational compatibility index (LCI) to rate businesses according to the
match between their locational requirements and the attributes of the Las Vegas area. The
LCI uses two measures as its basis. The first is a relative importance (RI) index of the
business location factors used in the business climate analysis. The second is community
response (CR), or the ability of the community to satisfy these business location
requirements. A total of 40 weighted locational factors are considered in the study; each is
given an RI weight and a CR score. A simple screening methodology is then adopted to
reduce the list of candidate industries on the basis of the two indexes.

The report evaluates 600 businesses in a range of SIC groups by type of activity
(production, distribution, administrative, R&D, and customer service) and nature of
ownership (single-plant firm, corporate branch plant). It concludes that the Las Vegas area
is presently competitive for 101 industry groups, almost competitive for 84, and a marginal
location for an additional 191 groups. An industry is considered competitive if more than
80% of the locational requirements can be satisfied £or any type of activity. The report shows
that the Las Vegas area is an outstanding location for the distribution and hospitality
industries, telecommunications services, and certain manufacturing industries. The influence
of amenities in the report is limited to the analysis of public sector investment levels and
quality-of-life variables.

Significant data and methodological questions arise from the baseline and, in
particular, the target industry research conducted for the state of Nevada. Both reports rely
on a standard list of location factors, which are used to describe existing expansion or
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relocation opportunities and predict the suitability of the area for future developments in a
range of industries. Crucial to the process of evaluating locations for prospective investment
is the relative importance attached to each location factor by each industry. Weights given
to each factor are not discussed in either report, and this lack is further exacerbated in the
target industry study by the use of a screening approach, a highly simplistic target industry
methodology. An additional complication could result from the fact that, even if industries
could be accurately selected for Las Vegas, other locations in Nevada and the surrounding
states might also attract new and expansion investment. More information on the state of
Nevada target industry study and target industry analysis in general can be found in a
companion report for the U.S. Department of Energy (DOE) Office of Civilian Radioactive
Waste Management (OCRWM) (Allison 1992).

5.3 SURVEY OF NUCLEAR WASTE ISSUES, NUCLEAR IMAGERY SURVEY,
AND SURVEY OF CORPORATE REAL ESTATE EXECUTIVES

The survey of nuclear waste issues (Center for Survey Research 1988) and the
nuclear imagery survey (Decision Research 1990) were undertaken to attempt to measure
perceptions of southern Nevada as a place to live, work, vacation, attend a conference, and
locate a business, both with and without the repository. The surveys implicitly assume that
individual business people and decision makers involved with siting new businesses or
business activities would consider the Las Vegas area as a potential new location.

The survey of nuclear waste issues (Center for Survey Research 1988) was a survey
of the general public conducted in 1988 to obtain information on a range of issues related to
nuclear waste. A national sample of U.S. households produced 1,012 responses, representing
85% of eligible respondents. The survey was conducted in two parts.

The first part asked respondents to state their perception of Las Vegas as a place to
live, work, raise a family, retire, visit, attend a conference, or locate a business. Las Vegas
was viewed as a desirable place to visit or attend a convention but less desirable as a place
to raise a family, locate a business, or retire. The second part of the interview asked
respondents to restate their perceptions of the area if the repository were there. Although
the average desirability rating declined by 13% across all questions after the repository was
introduced into the interview, the desirability ratings differed from each other substantially,
depending on the individual question. The fall in the desirability rating seemed to be related
to the length of stay in the Las Vegas area implied in each question. When asked whether
they would visit Las Vegas after the repository had been built, 34% of the respondents
changed their rating (from desirable to undesirable), but when asked about the desirability
of the city as a place to locate a business, 57% changed their rating.

The nuclear imagery survey (Decision Research 1990) employed the method of
continued associations to gather information on the images, attitudes, and beliefs respondents
had toward the repository. Respondents were asked to associate words with the phrase
"underground nuclear waste storage facility." A total of 10,000 word associations were
collected from more than 3,330 respondents in samples from southern Nevada, the Phoenix
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metropolitan area, and southern California, and from a national sample. The responses were
coded into two overall categories, according to whether responses reflected concern for the
consequences of the repository or for aspects of the repository technology itself. Survey
results show that of 10,000 images associated with the project, only 97 are positive. These
relate to the necessity of the repository, its contribution to the local economy, and its
contribution to scientific and technical progress. The two key dimensions of stigma found in
the negative images are peril and negative aesthetics. Although some variation in imagery
occurs among the survey samples, the results seem to be consistent for respondents of
different ages, income groups, education levels, and political viewpoints.

A survey of corporate decision makers was conducted in 1988 (Decision Research and
Mountain West 1989). A sample of 569 corporate executives was selected from Who's Who
in Corporate Real Estate, published by the Association of Corporate Real Estate Executives
(NACORE). In 400 interviews, interviewees were asked to describe the images they had of
Albuquerque, Denver, Las Vegas, and Phoenix. The survey was conducted in two parts.

The first part asked respondents to specify six images they associated with the cities
in the survey. Each respondent rated images on a five-point scale, from very positive to very
negative. The sum of the ratings for all the images from each respondent was used to specify
the images that were predominantly associated with each city. For Las Vegas, 23 images
were specified by corporate decision makers. Physical environment and business attributes
were identified more frequently than attributes associated with the entertainment and
hospitality industry, although gambling was the dominant image. Images that associate the
city with nuclear facilities appeared only twice.

The second part of the survey contained questions on the desirability of each city as
a business location. Respondents were asked to rank five business location factors (work
force availability, image of the city, availability and cost of space, quality of life, and
accessibility to markets) and to list sites they had considered as new locations in the past.
As part of the image of the city, interviewees were asked to consider if and how proximity to
various locally undesirable land uses (LULUs) would affect their location decision in a
particular community. Ratings were collected for a series of waste and manufacturing
facilities, on the basis of the percentage of respondents rating them as important in their
location decisions. The importance of other measures of environmental conditions (i.e.,
ambient air quality, floodplain location, and likelihood of earthquake tremors) was also
recorded by means of the same methodology.

Scores from the city ranking exercise were compared with the scores generated by
the summation model used in the imagery tests. It was hypothesized that respondents'
preferences for places in which to locate business facilities would be predictable from the
images of the four cities. Survey results show that preferences match images in 47% of the
cases involving the first choice for a business location, 32% for the second choice, and 34%
for the third. Linear relationships were then estimated from image difference scores. These
scores were calculated by pairing each of the four cities with every other city to produce six
pairs (A-B, A-C, A-D, B-C, B-D, and C-D), subtracting the image score of one city from the
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image score of one other city for all pairs, ordering the resulting scores, and dividing them
into subsets. Within each subset, the percentage of respondents preferring one city to
another city as a business location was calculated.

The results of the image difference tests appear to show that business location
preferences are fairly predictable. In logit form, the models produce highly linear results
with relatively steep curves, suggesting that changes in only one or two of the images could
lead to large shifts in the preferences for business location factors.

There appear to have been a number of conceptual problems associated with the
three surveys conducted for the state of Nevada. First, the surveys did not examine the
attitudes of each individual toward economic development, which may have biased the results
toward respondents that already had definite plans to expand or relocate in the Las Vegas
area. These respondents might have overstated their objections to the region as the host to
the repository (Clark 1990). Second, although results of the surveys suggest that images of
the Las Vegas area can affect new business location preferences, the link between images and
actual behavior is very tenuous (i.e, although changes in images might lead to substantial
shifts in preferences, they may not necessarily lead to similar changes in actual behavior).

5.4 CONCLUSIONS

The five reports completed for the state of Nevada evaluate the importance of
amenities to the future economic base of the Las Vegas area and suggest that the impacts
from siting the repository at Yucca Mountain on business location decisions are likely to
extend beyond conventional economic impacts to include the impacts on the region's economic
activity that would result from perceptions of risk.

The business climate analysis and target industry analysis, which consider the
importance of environmental amenities in the form of public sector investment levels and
quality-of-life indicators, conclude that these are important with respect to the location of
businesses. They also conclude that the Las Vegas area is viewed somewhat favorably on the
basis of its amenity provisions. These two documents attempt to provide a basis for the
evaluation of the economic baseline likely to develop in the Las Vegas area in the absence
of the repository. The three imagery surveys attempt to provide a basis for the inclusion of
stigma, negative imagery, and perceived risk into the evaluation of the impacts of the Yucca
Mountain project. Respondents to the survey of nuclear waste issues and the NACORE
survey revealed that members of the general public and corporate decision makers associate
the Las Vegas area with a series of images and look fairly favorably on Las Vegas as a
possible place to locate a business in the absence of the repository. The negative imagery
that developed in the minds of the respondents once the idea of the repository was introduced
into the survey is also reflected in their view of Las Vegas as a prospective location for a
business.

The work conducted for the state of Nevada had two general weaknesses — one
methodological and one conceptual. First, no attempt was made to distinguish among the
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differential effects that environmental amenities have on the type and level of business
activity. Environmental amenities may have an impact on business location decisions, either
on costs or on the personal preferences of entrepreneurs or top-level corporate decision
makers. Cost effects may be direct, relating to a firm's own cost function or the cost function
of other firms that are also using the amenity, or they may be indirect, flowing from the use
and degradation of environmental amenities that affect the nonamenity parts of a firm's cost
function (e.g., the cost of maintaining certain occupational groups in a location).

Employees in scientific and technical occupations requiring a high level of training
tend to be highly mobile and have been shown to choose locations on the basis of the local or
regional provision of amenities. Many firms may be indirectly forced to factor the effects of
the siting of hazardous facilities in their location decisions, if stigmatization and perception-
based impacts lead to migration of essential parts of their labor force away from the affected
areas. The impact of any indirect effect on occupational groups is closely related to the
occupational structure of the firms in the affected area. This structure, in turn, is likely to
be related to a number of factors, in particular the firm's product, technology, size, and
organizational structure. Perception-based impacts may also affect location decisions (e.g.,
an entrepreneur may decide to move his or her business because the siting of a hazardous
facility nearby changes his or her preference for the region or locale in which to conduct
business). Although many small businesses, particularly small manufacturers, do not have
the resources to conduct a search of alternative locations or access to capital if a suitable
alternative location can be identified, it is apparent that smaller producer service firms,
particularly those run by highly educated individuals, may respond to changes in the level
of amenities and percrived risk in a location. As stated previously, the importance of
amenities to specific businesses and industrial activities needs to evaluated, with particular
reference to a firm's product, technology, size, and organizational structure.

In the research conducted for the state of Nevada, the stigma and perceived risk
associated with the repository were linked to the decision to locate a business in the affected
area by asking respondents to state their preferences toward the Las Vegas area before and
after the idea of the repository was introduced into the survey. The results suggest that the
perception-based impacts of the repository are likely to be significant. This finding exposes
a major problem with surveys that consider industrial location decisions. There may be
significant differences between how decision makers say they will respond to a change in
some aspect of the business environment affecting their location and how they will actually
behave when the projected change occurs.
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6 CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER RESEARCH

6.1 INTRODUCTION

The purpose of this report is to provide DOE's OCRWM with sufficient guidance to
allow it to conduct further research on the importance of environmental amenities in business
location decisions. It reviews and critiques relevant research done for the state of Nevada;
discusses some of the conceptual, methodological, and theoretical issues involved in the
treatment of amenities in business location research; and summarizes findings in the
academic literature.

Section 6.2 provides a brief summary of the findings in the first five sections and
discusses their implications for HLW disposal programs. Section 6.3 lists a series of
recommendations for future research. This work will help OCRWM to understand the
importance of perception-based impacts (stigmatization and the perception of risk) in business
location decisions and to estimate the scale of the socioeconomic impacts in Nevada that
would result from the siting of the repository. The recommendations are to conduct research
in four areas: (1) evaluate the importance of amenities with respect to the various
characteristics of different firms, (2) investigate the impact of the geographic distribution of
occupational groups on business location decisions, (3) evaluate the importance of amenities
to decision makers in small firms, and (4) determine the significance of differences between
intended and actual location behavior.

6.2 SUMMARY OF FINDINGS AND IMPLICATIONS FOR PROGRAMS
INVOLVING THE DISPOSAL OF HIGH-LEVEL WASTE

A growing amount of empirical evidence has been collected on the importance of
amenities in decisions to site or relocate businesses or business activities. This literature
clearly shows that not all business activities consider amenities in their location decisions.
However, amenities do seem to be considered by firms that are large enough to separate their
different functions and choose separate locations for each and by a limited number of smaller
manufacturing and business service firms. When facilities for headquarters and other
activities requiring high-order executive and white-collar functions (e.g., finance, insurance,
legal, services, advertising, and R&D activities) are being located, the primary consideration
is likely to be the need to minimize the costs of face-to-face contacts between clients,
customers, and employees in other parts of a firm; the amenities found in larger metropolitan
areas can be of secondary importance. Smaller firms that market specialized business
services also often choose to locate in larger urban areas close to their customers, where
similar amenities might be an additional consideration.

Growing evidence suggests, however, that smaller, specialized business service firms
(e.g., engineering, management and computer consulting, architecture, marketing, and
financial services) might also be able to compete from smaller regional centers.
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Improvements in conventional mail and telecommunications, together with an increasing use
of contact networks to obtain access to potential customers, have encouraged decentralization.
Nevertheless, it is unclear how the cultural and recreational amenities (and the absence of
disamenities found in larger urban centers) associated with smaller cities influence the
location decisions of smaller business service firms. Some firms choose locations that are
richer in amenities if they can also attract the necessary staff from elsewhere; others choose
locations that have already attracted people in occupations made up of highly educated,
highly mobile workers. In the latter case, amenities are only an indirect influence on the
location decision. Amenities may also influence decisions about whether to remain in a
particular location being made by a number of smaller business service and specialized
manufacturing firms that are being started by staff members originally employed locally by
larger firms.

Amenities are much less likely to influence location decisions for the majority of
manufacturing activities. Within large manufacturing firms, amenities may indirectly
influence the location of production facilities whose products are in early stages of
development, because these facilities need to be located closer to headquarters and R&D
facilities that provide initial support. When production becomes routine and does not require
substantial scientific and technical backup, however, facilities are located in more peripheral
areas, where the cost and availability of production labor are the prime locational
determinants. Here, amenity considerations are much less likely to be important, since there
are so few executive, scientific, and technical positions at the majority of manufacturing
branch plants. The same location decision processes also apply to the back office functions
of manufacturing and service firms.

Decisions on locations for manufacturing activities made by smaller firms may show
patterns slightly different from those made by larger firms; the individual preferences of the
entrepreneur (particularly local knowledge of markets and suppliers and preference for
hometown locations) can be an important factor. For the small firm, therefore, local cultural
preferences may provide an amenity basis for decisions to choose a new location or to remain
in an old one, even if a noxious facility is sited nearby.

It is likely that sites for HLW facilities will be located in predominantly rural areas
or possibly in the vicinity of smaller metropolitan areas. Evidence indicates that facilities
for only a limited number of industrial activities are likely to be sited in these types of
locations, and therefore only these will have to deal with HLW-facility-related perceptions
of risk. In larger firms, usually only manufacturing branch plants and back office functions
are located in communities likely to be chosen to host HLW facilities. Therefore, a decision
to site noxious facilities nearby will probably not significantly alter the risk perceptions of
corporate decision makers or key personnel, because they are working in larger metropolitan
regions.

Smaller manufacturing firms, however, often choose to locate in rural communities
and smaller regional centers. In many cases, these businesses are established in the
hometown of the entrepreneur, to whom cultural amenities may be more important than
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environmental quality. Cultural factors that tie smaller manufacturing firms to the local
community may well outweigh any perceptions of risk associated with the siting and
operation of noxious facilities.

The impact of risk perceptions associated with the siting and operation of HLW
facilities on industrial location decisions is likely to be much less significant than has often
been predicted. Policies designed to offset the negative effects of noxious facility siting,
therefore, clearly need to determine which business activities in locations likely to host these
facilities are influenced by amenities, and consequently which business activities are most
likely to be affected by perceptions of risk of environmental degradation.

6.3 RECOMMENDATIONS FOR FURTHER WORK

6.3.1 Evaluate the Importance of Environmental Amenities Math Respect to
Different Firm Characteristics

A major weakness in the research done for the state of Nevada is that it did not
distinguish among the effects that environmental amenities may have on business location
decisions. Comparatively little is known about the way in which the effects of environmental
amenities vary, depending on the characteristics of the firm or business activity. Changes
in the product structure, functional organization, and occupational characteristics of firms
can make firms more flexible with respect to locational choices and have consequently led to
the emergence of amenities as a location factor. This situation has occurred in the case of
high-tech manufacturing activities and some producer services. The extent to which
amenities are important as a location factor depends on a firm's product, technology, size, and
occupational and organizational structure. These factors, particularly occupational structure,
determine the degree of flexibility a firm has in choosing among locations. Locational
flexibility, in turn, affects the likelihood that location decisions being made by businesses will
be affected by stigmatization and perceived risk.

A more detailed evaluation of the impact of amenity characteristics and location
decisions for specific types of business organizations is therefore clearly needed. Given the
nature of the locations chosen for HLW disposal facilities, the focus might be placed on
determining which factors influence the risk perceptions of personnel and key staff members
of businesses located in remote rural communities. Surveys might be used to collect
information on employment levels, occupational structures, educational levels of key
personnel, and the importance of cultural and social factors in the formation of businesses
in these locations.

6.3.2 Investigate the Impact of the Geographic Distribution of Occupational
Groups on Business Location Decisions

The location choices of certain occupational groups, with their preference for amenity-
rich environments, have become an important aspect of location decisions for an increasing
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number of businesses. Changes in the structure of business organizations, in particular the
functional separation of activities and an increasing reliance on service occupations and
service subcontracting, have led to changes in their geographic distribution and in the
relative importance of factors important in the location of individual facilities. A particularly
important consideration for a greater number of businesses is the location of pools of highly
trained people who can work in scientific and technical occupations. These groups tend to
be highly mobile and have been shown to choose locations on the basis of the local or regional
provision of amenities. Many firms may be indirectly forced to factor the effects of siting
hazardous facilities into their location decisions, if stigmatization and perception-based
impacts might lead essential parts of their labor force to migrate away from the affected
areas.

The impact of the effect of environmental amenities on occupational groups is closely
related to the occupational structure of the firms in the affected area of the project. An
investigation of the impact that the mobility of employees in occupations requiring a high
level of training has on the location decisions of businesses is likely to be important in
evaluations of special impacts emanating from siting a repository. The extent to which firms
that depend on mobile labor are forced to relocate because of stigmatization and perceived
risk needs to comprehensively investigated.

6.3.3 Evaluate the Importance of Environmental Amenities to Decision
Makers in Small Firms

Stigmatization and perceived risk can influence the location decisions of small firms,
because of the importance personal preferences play in their location decision-making
behavior. Although the impact of changes in behavior as a result of stigma and changes in
risk perception is likely to be smaller in terms of total employment and income effects than
it would be if a large manufacturing or service firm were forced to move, the effect on the
competitiveness of a location can still be substantial. The effect may depend on the extent
to which the small firm represents a region's high-growth sector or on the importance of the
small firm (especially a service firm acting as subcontractor) to larger manufacturing and
service corporations.

Consideration of the location decision-making behavior of small firms would be of
great value in assessing the special effects associated with a repository or other hazardous
facilities, given the importance of personal preferences in location decisions. These
preferences appear to be influenced by a range of sociocultural characteristics, in particular,
ties to hometown and local knowledge. Systematic consideration of these influences on
entrepreneurs of small firms would be important in determining if and how stigmatization
and perceived risk will affect the location decisions of small businesses.
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6.3.4 Compare Stated Intentions about Relocation with Actual
Relocation Behavior

In the nuclear waste and imagery surveys conducted for the state of Nevada, the
stigmatization and perceived risk associated with the repository were linked to the decision
to locate a business in the affected area by asking respondents to state their preferences for
the Las Vegas area with and without the repository. Results led to the suggestion that the
nonstandard impacts of the repository are likely to be significant. A major problem with
surveys of this nature is that there may be significant differences between how decision
makers say they will respond to a change in some aspect of the business environment
affecting their location and how they actually do respond when the projected change occurs.

Measuring differences between the stated intention of an entrepreneur or decision
maker in response to hazardous facilities and the person's actual behavior is essentially an
empirical issue. A substantial body of work that assesses the economic effects of hazardous
facilities exists; some of it covers the impacts of these facilities on the location of businesses.
An opportunity exists to apply results from other research on the impacts of hazardous
facilities to work that considers the importance of stigmatization and risk perceptions in
business location decision making.
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