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FOREWORD

This report summarizes a study conducted by Battelle, Pacific
Northwest Laboratories (Battelle-Northwest) for the Atomic Energy:
Commission. It represents an interdisciplinary effort to extend a
methodology (recently developed at Battelle-Northwest) for siting
nuclear power plants to the problem of routing electric power trans-
mission lines. The methodology incorporates both public values and
technical assessments.

Paul Hendrickson of Battelle-Northwest served as project manager.
Chapters II and V were written by Brian Gray of Jones and Jones Landscape
Architects in Seattle. William Maynard of the Battelle Human Affairs
Research Center in Seattle wrote Chapter IV. Roy Bahl, Professor of
Economics and Director of the Metropolitan Studies Program at Syracuse
University, wrote Chapter VI.
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SUMMARY

A methodology previously developed by Battelle, Pacific Northwest
Laboratories, for siting nuclear power plants has been adapted to the
problem of selecting an optimum electric power transmission line route
from among selected alternatives. The unique feature of this methodology
is the systematic inclusion of public values into the decision-making
process.

STATE-OF-THE-ART OF TRANSMISSION LINE ROUTING

The currently available planning techniques for transmission line
routing and impact assessment call for an extensive natural and cultural
resource inventory, the use of idealized location strategies and factor
weighting combinations, and employment of sophisticated overlay or computer-
ized constraint mapping techniques to aid in route selection and the
identification of high impact areas. Our suggestions for improvement in
impact prediction capabilities include the need for public participation
in the planning process, a clarification of the evaluation procedures to
help improve public understanding and involvement, the use of established
scaled reference points to permit value comparisons between various impacts,
and long range power generation and transmission master planning to minimize
a compounding of future environmental impacts. A composite collection of
guidelines for transmission line routing is included as an appendix.

METHODOLOGY
The methodology developed in this report has three steps:

(1) Selection of significant criteria influencing the route selection
analysis;

(2) Measurements of the relative weight which the public attaches
to each criterion; and

(3) Quantification by technical experts of the impact of the
alternative transmission Tine routes for each criterion using
a dimensionless scalar index.



Completion of these Steps resylts in a rating score for each alternative
route based on both technical and public judgment and thereby identifies
the most desirable route.

Preliminary analysis suggests that seven criteria may adequately
describe the impact of transmission lines: aesthetic impact, economic
impact, water quality impact, air quality impact, cultural/recreational
impact, health/safety impact, and animal/plant impact. It is expected
that the public would attach widely divergent weighting factors to the
criteria. These criteria were obtained after consideration of
environmental impact statements. A technique for incorporating the
public into the process of selecting criteria using direct questioning
and multidimensional scaling is also included in the report.

MEASUREMENT OF SOCIAL VALUES

To determine the relative weight which the public attaches to routing
criteria, a representative sample of viewscapes showing the visual impact
of transmission lines would be assembled. Descriptive scenarios accompanying
each viewscape would describe relevant criteria such as economic and
ecological changes brought about by the construction and operation of a
transmission line at that location. Public respbnse testing would require
that respondents view each scene, read the accompanying description, and
make an overall judgment of the acceptability of each scenario. Multiple
regression analysis would be used to determine the relationship between
the overall evaluations made by the public and the preassigned values for
the various criteria. The extent to which the preassigned values "predicted"
the overall judgment would serve as a basis for inferring the weight or
"importance" of each criterion. Direct estimates of the importance of each
criterion would also be obtained for comparison purposes. -These would be
measured by making the criteria explicit to the respondents and asking
for a rank ordering/rating of the importance which they attach to each
criterion. |
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QUANTIFICATION OF'CRITERIA

The most comprehensive approaches currently available to elevate
aesthetics are expanded to incorporate the concept of the relative scarcity
of visual resources impacted and the quantification of aesthetics as
developed in the nuclear power plant siting study. The procedure calls
for identifying the visual characteristics of relevant landscapes and
rating the visual compatibility of transmission facilities in each. Scarce
and fragile visual resources, transiting and resident viewer sensitivity,
mitigation and future land use are mapped and rated to locate zones of high
visual constraint for various alternative locations. The visual quality
components of intactness, vividness and unity are evaluated for "before"
and "after" views from selected viewpoints, and visual or aesthetic impact
is then expressed as the product of the ratio of change in visual quality
and the size of viewing populations qualified by the scarcity value of the
landscapes impacted.

The economics criterion is composed of both direct and indirect costs.
Direct costs are expenditures for construction and for acquisition of
easements. Indirect costs are the impact of transmission lines on property
value. The theoretical considerations for capturing the indirect cost by
measuring changes in property value and a sampling of the existing literature
on the effect of transmission lines on property value are examined. The
existing literature is weak and does not rule out the possibility that |
transmission lines can have negative effects on property value.

vii



MEASURING THE SOCIAL ATTITUDES AND
AESTHETIC AND ECONOMIC CONSIDERATIONS WHICH
INFLUENCE- TRANSMISSION LINE ROUTING

I. INTRODUCTION

A recent study(]) (referred to hereinafter as the Siting Study)
conducted by the Pacific Northwest Laboratory for the Atomic Energy
Commission identified three major weaknesses in the present process for
evaluating social, economic, and environmental trade-offs of alternative
decisions:

1. The lack of quantification of most effects;

2. Little or no incorporation of community social values into the
decision-making process; and

3. No method for integrating social values with techno-economic values.

The Siting Study outlines a technique which potentially can meet these
weaknesses and integrate the social values of the general public with the
technical assessments made by technologists and economists. The technique
was applied to the analysis of the social, economic, and environmental
trade-offs inherent in the analysis of alternative nuclear plant siting
options. The present study extends that work by outlining a methodology
to apply the technique to the evaluation of trade-offs associated with the
analysis and selection of alternative electric power transmission line
routes.

The routing of electric power transmission lines is an increasingly .
significant and complex problem in the United States. In 1970 it was
estimated that there were approximately 300,000 miles of overhead electric
transmission lines in the U.S.(z’ p. 21) Easements for these transmission
lines (which average 110 feet in width) were estimated to require nearly
4,000,000 acres. By 1990 it is estimated that there will be 500,000 miles
of transmission lines, requiring 7,000,000 acres for.easements.(z’ p. 22)
This is an area approximately 10 percent larger than the State of Maryland.

1



Prospects for réducing this projected growth in transmission line
mileage do not appear to be great. The demand for electricity continues
to grow. Maoreover, many power plants are being constructed long distances
from population centers because of public pressures and the advantage of
being near fuel sources.

The National Environmental Policy Act of 1969 [Section 101 (b)]
declares it to be the responsibility of the Federal Government to act such
that the nation may:

1. fulfill the responsibilities of each generation as trustee of the
environment for succeeding generations;

2. assure for all Americans safe, healthful, productive, and
aesthetically and culturally pleasing surroundings;

3. attain the widest range of beneficial uses of the environment
without degradation, risk to health or safety, or other undesirable
and unintended consequences;

4, preserve important historic, cultural, and natural aspects of our
national heritage, and maintain, wherever possible, an environment
which supports diversity and variety of individual choice;

5. achieve a balance between population and resource use which will
permit high standards of 1living and a wide sharing of life's
amenities; and

6. enhance the quality of renewable resources and approach the maximum
attainable recycling of depletable resources.

Routing new transmission lines consistent with these goals involves a
complex series of social, economic, and environmental trade-offs.

A number of techniques have been developed for selecting transmission
line routes and are discussed in Chapter III. A significant deficiency in
these techniques is that they do not systematically incorporate public views
into the process of selecting a route. The methodology developed in this
report is designed to provide a framework for dealing with the trade-offs
associated with selecting a transmission line route in a manner which
systematically incorporates both techno-economic values with community

N ]
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social values. Chapter IV discusses incorporation of public attitudes

in routing decisions. Chapter V reviews transmission line impact
evaluation and discusses an approach to visual assessment. Finally,

a property value approach is discussed in Chapter VI to measure the social
costs of transmission lines.

REFERENCES

1. J. B. Burnham, et. al., A Technique for Environmental Decision Making
Using Quantified Socjal and Aesthetic Values, BNWL-1787, Pacific
Northwest Laboratories, Richland, Washington, February 1974 (here-
inafter cited as the Siting Study).

2. Electric Power and the Environment, sponsored by the Office of Science
and Technology, U. S. Government Printing Office, Washington, D. C.,
August 1970.




II. METHODOLOGY

The general approach developed in the Siting Study and followed in
this study requires: 1) selection of signficant criteria influencing the
siting analysis; 2) measurement of the relative weight which the public
attaches to each criterion; and 3) quantification by technical experts of
the impact of alternative sites for each criterion category using a dimen-
sionless scalar index. The optimum site can then be determined by comparing
the total index scores for the criteria, adjusted for the social weighting
factor, for all alternative sites.

Eight criteria were initially selected in the Siting Study as signifi-
cant considerations in the analysis of nuclear plant siting options:
economics, water quality, air quality, animal/plant, cultural/recreational,
health/safety, aesthetics, and land use. An examination of the land use
criterion in the Siting Study revealed that its impact can be captured by
the other seven criteria and that it could consequently be eliminated from
the Tist. Our preliminary analysis suggests that the seven remaining cri-
teria are also sufficient to distinguish the impact of alternative transmis-
sion line routes. A detailed discussion of techniques to select criteria
is presented in Chapter IV. General descriptions of the impacts associated
with the above seven criteria for overhead transmission 1ines are included
in Appendix C.

The application of the general approach is illustrated by Figure 1 and
Table 1. In Figure 1, A(1) and A(2) represent the two most desirable trans-
mission routes or corridors from power plant A to a trunk line. It can
be assumed that they were selected using one of the corridor selection
approaches discussed in Chapter III and the routing guidelines in Appendix
A. The societal weighting factors were derived by using one or more of
the approaches discussed in Chapter IV.

A high score indicates a large impact and hence an undesirable route.
Route A(2) is consequently the least desirable alternative based on the
unweighted techno-economic total scores, but it is the most desirable
alternative when the societal weighting factors are applied.

[
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The simple addition of the weighted scores in Table 1 may not be the
ideal approach. The scores for individual criteria can also be thought
of as vectors in multidimensional space. In this case, a root-mean-square
sum would be a preferable approach.

TABLE 1. Composite Social-Technical Analysis
of Two Alternative Transmission Lines

Dimensionless
Techno-Economic
Societal Scores Composite Scores
Weighting Route Route Route Route
Criteria Factor A(1) A(2) A(Q1) A(2)
Aesthetic Impact 0.3 20 90 6 27
Water Impact 0.8 40 50 32 40
Air Impact 0.5 30 40 15 20
Economic 0.4 40 50 16 20
Cultural/Recreational 0.3 40 80 12 24
Health/Safety 0.7 90 20 63 14
Animal/Plant Impact 0.7 70 30 49 21
Technical Total 330 360
Composite Total 193 166
Trunk Line
A(1) A(2) B(1) B(2)
Plant Plant
A B

FIGURE 1. Hypothetical Power Plant and Transmission
Line Alternatives



The approach shown in Table 1 could also be used to compare alternative
routes B(1) and B(2) and for alternative plant Tocations A and B. Compari-
son of the total composite scores for both transmission corridor and plant
location leads to the selection of A-2 as the optimum generation-
transmission combination as shown in Table 2.

The addition of the transmission corridor score and the generation
plant score to yield a total composite score is a simplified approach. It
would be desirable to determine a weighting factor for each score to reflect
both social and technical considerations,

TABLE 2. Comparison of Alternative Power
Generation-Transmission Systems

System A-1 A-2 B-1 B-2
Composite Transmission
Corridor Score 193 166 184 197
Composite Generation
Plant Score 204 179 195 221

Total Composite Score 397 345 379 418

The technical quantification of two criteria — aesthetic and
economics — is discussed is Chapers V and VI respectively. Chapter V
adapts the methodology developed in the Siting Study for quantification
of the aesthetic impact of nuclear power plants to transmission lines.
Chapter VI discusses the impact of transmission lines on property
values. This is the indirect component of the economics criterion.

The direct component is the actual cost of construction and acquisition
of easements.



ITI. REVIEW OF THE_STATE-OF-THE-ART OF TRANSMISSION LINE ROUTINE

This chapter reviews the state-of-the-art of transmission line routing.
The various techniques and their strengths and weaknesses are described
in the following sections.

e Present capabilities for measuring and predicting transmission
line impacts.

e Requirements for improvement of impact prediction capabilities.

A. PRESENT CAPABILITIES FOR MEASURING AND PREDICTING TRANSMISSION LINE
IMPACTS

In the past, sound engineering and economic considerations guided the
location of transmission systems in much the same manner as they guided the
construction of highways, dams and other civil engineering works. Suggested
design guidelines and performance standards for transmission line routing were
not formally proposed until 1966(]) and have only recently been officially
adopted for use by regulating agencies and uti]ities.(2’3’4’5) Although
these guidelines and standards are a necessary requirement in the develop-
ment of environmentally responsive transmission route planning, they do not
immediately suggest a systematic planning approach that allows for their
direct application to corridor or route selection of least environmental
impact; nor are they particularly useful in documenting the decision-making
process. With the growing recognition of environment-related problems
and in response to mandates to identify the environmental impacts of their
proposed actions, regulating agencies and utility companies have retained
landscape architects and environmental planners to help develop comprehen-
sive planning methodologies. These methodologies incorporate natural and
cultural resource inventories and analyses as well as guidelines and stan-
dards, engineering and economic concerns into the facility-siting process.
A resultant increase in the complexity of factors to be considered, along
with the need to publicly document and defend planning decisions based on
minimizing environmental impaét, has required that the planning process



provide new tools for spatially displaying environmentally sensitive zones
of the landscape and for comparing and quantifying the relative importance
of the interrelationships between various environmental criteria. Hence
"intuitive" (or rather undocumented) decision making and planning have
given way to the use of hand-drawn overlay maps and in many instances to
the use of digital computers for constraint mapping and the rapid manipula-
tion of environmental data.

Hand-drawn overlay maps have been found to be a direct way to display
various environmental factors and are less expensive to produce than compu-
terized mapping when the study area is small and few intricate correlations
of data are required. The use of digital computers has proven to be
valuable when the study area is large and complex and a number of intricate
correlations of data are required, such as the testing of various planning
strategies and impact identification of a number of alternate routes.
Although computer methods require extensive digitizing of data, they have
the advantage of being able to rapidly and accurately generate new
information through manipulation of base data to conveniently allow for
the updating of data, and to be useful in establishing a data bank for
a given territory.(s) Both methods have been proposed for use by studies
reviewed for this report. References 6, 7, 8, 9, 10, 11 and 12 discuss
or apply computerized methods, while References 13, 14, 15, 16 and 17 deal
with hand-drawn overlay mapping studies or their components. Reference
18 utilizes a hybrid of the two methods, mapping information at the same
scale for comparison and display, but using a computer program to help
quantify the impacts of various transmission route segments.

The transmission corridor and route selection studies reviewed all
tend to operate within a similar planning framework:

1. Determine the geographic boundaries of the study area.
2 Select mapping and data-handling techniques.

3. Enumerate and map natural and cultural baseline data.
4

Formulate desirable location strategies and map areas of environmental
constraint to these strategies by combining baseline data.



5. Rate the relative importance of each constraint in order of sensitivity
to modification and combine constraint maps into a composite suita-
bility map.

6. Identify alternative transmission routes following paths of highest
suitability (least overall constraint).

7. Field check alternate routes and select those appropriate for further
study.

8. Undertake detailed studies of potentially suitable routes and develop
special recommendations for areas where highly sensitive areas would
be crossed.

9. Make final route decisions and recommendations.

10. Prepare environmental impact statement and present information to
appropriate agencies and the public.

Items 3 through 6 represent planning procedures which have gained
emphasis in the more recent transmission-planning methodologies; previously,
these steps were generally done in a less systematic, less permanent and
less visible form that relied heavily on the individual planner's knowledge,
judgment and experience. Overlay mapping and computer techniques have
made it possible to select and portray the routes of least environmental
impact and to defend the selection before public hearings and regulatory
agencies. Step 3 requires the collection of baseline natural and cultural
data and mapping the information at the same scale. Examples of the types
of natural data that have been considered include:

- Depth to bedrock

- Depth to underground water table
- Steepness of slope

- Topographic features

- Natural features of interest

- Surface drainage pattern

- Flood plains

- Lakes, bays and wetlands



Areas of soil instability

Age, size, density and dominant seasonal color of vegetation
Exposed soil/vegetation color contrast

Vegetative restoration potential

Forestry productivity

Agricultural productivity

Wildlife habitat.

Cultural data have included such considerations as:

Residential areas

Commercial areas

Industrial areas

Public and quasi-public areas
Cultivated lands

Recreational areas and parks
Cemeteries

Open space

Roads, railroads and airports
Historic and archeologic sites
Special places of interest
Underground and overhead utilities
Scenic roads and overlooks

Land value

Land ownership

Population density per square mile.

In many instances, both existing and proposed (planned) land uses are

considered.

In step 4 location strategies are formulated based upon idealized goals

of the chosen transmission route. Strategies for computerized transmission

planning techniques may be quite specific in detail and intent; the studies

of the type reviewed

(6,7,9,14,16,19) included one or more of the following

strategies or goals:

10



- Minimization of disruption to existing urban areas and human settlement
- Minimization of disruption to agricultural lands

- Minimization of disruption to recreational/historic lands

- Minimization of disruption to natural ecosystems

- Maximization of utilization of right-of-way

- Minimization of visual impact

- Minimization of financial investment

- Minimization of disruption of forested lands

- Minimization of impact upon projected areas of human settlement
- Maximization of system reliability

- Maximization of system accessibility

- Minimization of disruption to extractive and storage resources.(10)

The baseline data which would prevent realization of each strategy are
assembled, combined, weighted and mapped as areas of constraints to the
location and siting of transmission facilities in view of each individual
strategy.

In step 5, weights are assigned to the relative importance of each
constraint based on the relative sensitivity of each to modification, and
a final suitability map is produced. The computer is particularly well
suited to testing various weighting decisions. It quickly maps alternative
suitability maps if there is disagreement on which weighting factors are
appropriate.

Step 6 involves locating the paths of least-combined constraint (or
highest suitability) for transmission structures. Typically, this involves
tracing various paths along the map through areas shaded from black (highly
unsuitable) through grey to white (highly suitable); very often a route or
corridor will cross an area of high sensitivity and these zones of high
impact may be selected for further detailed study.

Computer methods facilitate data conversion into environmental impact
statements, since they allow a great variety of data, weighting factors and
sensitivity indices to be assembled along a given route or corridor. Since

11



computerized information is typically applied at a regional or subregional
scale, however, it must usually be supplemented with overlay mapping
techniques and more detailed studies to make final transmission centerline
location and design decisions.

B.  REQUIREMENTS FOR IMPROVEMENT OF IMPACT PREDICTION CAPABILITIES

The art of transmission line routing appears to be more comprehensive,
more sophisticated, more highly developed and applied more consistently
across the country than resource inventory and analysis of any other sin-
gular type of man's development activities. However, there remain gaps
and shortcomings which require additional research and testing to improve
upon present planning techniques and impact prediction capabilities. While
there are many potential areas for improvement, four major interrelated
concerns will be discussed:

1. Public Participation

2. Ease of Communicating the Planning Process

3. Quantitative Scaling of Impacts

4, Minimization of Compounded Impacts in the Future

Public Participation

1966: "Confident of their firmly established, high priority role in
society, their engineers armed with clear and convincing sta-
tistics in demand and supply, the power suppliers have forced
their rights-of-way onto the landscape. The undeniable need for
electricity imposes its strong and assertive towers upon the
otherwise quiet and pastoral farmlands, the open plains and dense
forests. City and industry cry for power. Natural_ landscape, the
food for poets, lies accepting in the background."{1, p. 36

1973: "Unless the American people unite to put enough pressure on electric
utility companies to bury their Tines, the investment in these mon-
strous overhead lines will have progressed so far that it will be
impossibie to arrest their march across our land."(20, p. 14)

Written seven years apart by different authors, these two battle cries
carry with them an underlying feeling of frustration, helplessness and per-
haps resentment that the public plays virtually no direct role in transmis-

sion line routing selection. A public poll taken in 1973 revealed that a

substantial majority of people feel that the decision makers of electric

12



companies should Tisten to their customers' attitudes, but slightly less
than half believe that electric companies would actually consider their
feelings if théy made them known.(Z]) A time period is provided for
review and public response to a transmission line location proposal as a
normal part of the environmental impact statement filing process, and
public hearings may be held. However, public participation at this stage
is apt to be comprised of a vocal minority of landowners whose property
is directly affected by the proposal rather than of a group of citizens
whose environment will be impacted in a slightly less direct manner but
whose concerns should be known. In fact, only one of the nine major
studies reviewed actually utilized public participation as a major input

(16,17) | ses a questionnaire to

to the planning process. Ontario Hydro
determine local attitudes and identify sensitive zones of the landscape as
seen through the eyes of the local resident population. (See Chapter V for

further discussion of this technique.)

Several of the studies reviewed depend on interdisciplinary teams
which represent "expert" opinions and judgments to apply weighting fac-
tors and identify potential problem areas; nonetheless, it is often diffi-
cult for trained staff to determine the weighting factors which serve the
best interests of the public, particularly in the highly complex issues
faced during the transmission route planning process. If the public cannot
be directly involved in the planning process, the process should at least
respond to knowledge of information generated from studies of user prefer-
ence and public values. . Chapter IV of this report proposes a method to mea-
sure social values associated with transmission line routing, while Chap-
ter V and Appendix B pertain to the quantitative measurement of aesthetic
impacts based on public response testing. Impact prediction is meaning-
less until it becomes truly responsive to the attitudes and opinions of
the public whose interests the predictions are attempting to serve and
protect.

Ease of Communicating the Planning Process

Transmission line route selection requires the consideration, analy-
sis and evaluation of many types of data (See Chapter III.A.). The

13 | .



complexity of the problem has necessarily required a fairly complex plan-
ning procedure. There is perhaps a tendency toward obscuring the clarity
of baseline data as higher levels of data compilation and abstraction are
reached, first in the preparation of constraint maps and ultimately in the
weighting of constraint maps and production of the final suitability map.
This apparent obscuring of data is somewhat less pronounced in the overlay
mapping methods than in the computerized mapping process, in which the
progression from baseline data to constraint map to suitability map may be
less easily perceived by the untrained observer. In addition to the aura
of “mystery" that the computer may hold to some observers and since com-
puters are excellent devices for manipulating a large number of factors,
their use sometimes may result in a loss of clarity of the specific
"reasons" for the final configuration and shading of the suitability map.
Hence it is important to clearly outline the planning procedure in a manner
that may be grasped by those concerned. It is also important to trace the
potential corridors selected back onto constraint maps and baseline data
maps so that one may specifically identify the high-impact problems encoun-
tered at each zone of conflict. Chapter V illustrates this procedure as
used in the evaluation of specific areas of high visual impact.

Quantitative Scaling of Impacts

"Changes or impacts should be measured against an established
reference point so that the value assigned to one impact can be
compared with the value assigned another impact."(22, p. 42)
Quantification of impact is a difficult issue, for true environ-
mental impact quantification must deal with changes in both the quantity
and quality of a given resource, the significance of changes in one resource
relative to changes in other resources, and the significance of the collec-
tive environmental changes related to the baseline conditions of the
overall environment. True quantification of environmental impacts in this
manner is rarely (if ever) achieved in a completely satisfactory way, and
in fact many environmental impact statements fall short of even the most
basic of these levels, i.e., the establishment of a qualitative or quanti-
tative reference point within each resource parameter under investigation.

14



It is vitally important that a scale of quantitative or qualitative reference
be established within each of the major environmental parameters considered
(such as economics, water quality, air quality, ecology, cultural/recrea-
tional, health/safety, and aesthetics). Until the spectrum of quality and
quantity is identified within each parameter it is exceedingly difficult for
"experts" or the public to assign weighting factors which determine the
value of each parameter in relation to all others. This may easily be accom-
plished by establishing a scale which compares the baseline conditions
("before") with the postaction conditions ("after"); the difference in the
position of "before" and "after" on the scale represents the impact.a

It is also important to respond to and record the significance of the

resource (as well as its quantity and/or quality) relative to a broader
frame of reference. A resource's relative scarcity or its key position in
the larger economic, ecologic, historic or cultural scheme may well give it
a value disproportionate to its magnitude or quality. "Significance" in
this sense can only truly be interpreted by measuring public values and
comparing the results with those obtained from a group of "experts" or mem-
bers of special-competence groups. Chapter IV describes a technique for
measuring social values to aid in the scaling of impacts.

Minimization of Compounded Impacts in the Future

"It is conservatively estimated that in the next ten years one hundred
thousand miles of new transmission lines will be built in the United
States - a hundred thousand miles of heavy metal conductors and 12-
story high skeletons whose stark shapes will be silhouetted against
forested mountainsides and fertile farmlands. Each mile of right-of-
way passing through a densely wooded area requires the sacrifice of
about ten thousand trees.... A hundred thousand miles of right-of-way
is comparable to crisscrossing back and forth 30 times from coast to
coast. In the 1980's another hundred thousand miles will be con-
structed and in the 1990's another.... Slowly but inexorably, these
harsh steel structures are replacing the delicately interwoven pattern
of the living forests. And, like giant robot? reproducing themselves,
they are creating the forests of the future."(20, p. 17)

I

see Chapter V for the 100-point visual quality rating scale suggested and
methods for expressing the ratio of change in visual quality.
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The 1973 poll mentioned earlier found that only 30% of the public is
presently aware of transmission structures in their area, and that the
public is not well aware that more transmission lines will be needed-‘in the
next ten years; 43% of those interviewed thought that "just a few" more will
be constructed, 18% thought that none will be needed, 17% said "a great
‘many," and 23% didn't know.(Z]) The broad gap between the planning forecast
and public awareness indicates that the future impacts of population growth,
industrial and urban expansion, and power generation and distribution tech-
nology and planning problems are not responsibly being identified and com-
municated to the consumer-at-large. Transmission line planning forecasts
tend to be projected no further than 10 to 15 years into the future. The
lack of a comprehensive overview or master plan for the energy distribution
system promises right-of-way and line intersection congestion and a wide-
spread need for new transmission corridors with wider rights-of-way for
larger tower structures carrying lines of higher voltages across increasingly
developed and densely populated lands. Although underground transmission
will probably begin to replace overhead lines in certain critical locations,
the majority of new transmission lines to be constructed by 1990 will in
all probability be strung overhead. This is due to technological problems
and the high cost of undergrounding.

Environmental impact prediction capabilities can be no more accurate
or specific than the transmission systems for which they are intended to
measure. If an energy distribution master plan is not drawn up to coordi-
nate and guide the considerations for long-term or ultimate transmission
system development, environmental impact statements can only address short-
term impacts and will become outdated even sooner than the lines which they
evaluate. Moreover, future impacts will be severely compounded from lack
of early identification. If the unknowns regarding future energy system
options and policies are not identified and their considerations included
in the everyday transmission route planning process, the impending energy
crisis will exhibit all of the characteristic features and problems of mis-
planning: too little/too soon/too much/too late.
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IV. MEASUREMENT OF SOCIAL VALUES

The justification for obtaining estimates of the importance which the

public attaches to transmission line routing criteria is that such a pro-

cedure allows for social values to be represented in routing decisions.

Decisions which require, for example, a balancing of concern for preserva-

tion of aesthetic qualities in the environment with concern for economic
contraints should reflect the values held by the public ultimately affected
by these decisions.

A.

PUBLIC PARTICIPATION IN DECISION MAKING

Several issues are involved in public involvement or participation in

decision making. A first question is, "Why should the public be involved

in decision making, particularly when the topic under consideration concerns

issues of a complex and technical nature?" Carroll,

(1)

in discussing tech-

nology assessment, suggests that public input is important both for practi-

cal and for more philosophical reasons:

...technology assessment has a dimension beyond the
identification and analysis of the impacts of technology.
This is the dimension of evaluation of the social desira-
bility of such impacts...

and
...extensive citizen participation and representation in
the assessment process are necessary both for practical
reasons and for reasons of democratic theory. There are
two practical reasons. First, citizen participation in
the early stages of the development of a technology may
help to avoid belated citizen opposition to a technologi-
cal development after heavy costs have been incurred.
Second, "objective evaluation" is impossible unless the
diverse views of interested parties have been considered.
On the level of political theory...it is necessary to
consider the views of those who will be affected by a
particular course of action.
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A second issue concerns the kind of public involvement which may be
most useful both to.the planner or decision maker and ultimately to the
community affected by the decision. This issue concerns the amount of
decision-making power or control which is relinquished to the public. 1In
some instances, a high level of public participation and decision-making
power may be desirable. Some of the Great Society programs during President
Johnson's administration, e.g., Federal housing and anti-poverty programs,
were originally designed to incorporate the "maximum participation feasible"
of those groups who would be directly affected by the outcomes of these
projects. At the other end of a participation continuum, highly technical
and complex problems may warrant relatively 1ittle direct public participa-
tion. In dealing with questions of a highly complex nature, some inter-
mediate level of public involvement in decision making may be more feasible.
Such an intermediate level of citizen participation is described as
"consultation" by Arnstein.(z) At this level, attitudes and opinion are
solicited from members of the public who will be affected by the outcomes
of decisions. Data obtained can then be used by planners in evaluating
decision alterpatives.

Another issue concerns the timing of public involvement in the plan-
ning or decision-making process. Obviously, public values and attitudes
can be incorporated at various points in time. From the perspective of an
administrator or decision maker, early input probably is preferable to later
input (which sometimes takes the form of intervention). The procedures
outlined in Chapter IV.C would be classified as one way of obtaining input
early in the planning and decision-making process. Measurements would be
made of the values or levels of priority which people assign to various
environmental impacts created by transmission lines. Such measurements
would furnish planners with information which could then be used in evalu-
ating various routing alternatives.

A final consideration in public involvement in decision making con-
cerns the problem of obtaining judgments from informed respondents. In
the case of a technological environmental issue such as the routing of
transmission lines, it is unlikely that the general public is sufficiently
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knowledgeable about specific effects of transmission line routing to make
well-informed judgments. One alternative in dealing with this problem is
simply to ask for general attitudes and opinions, recognizing that the
results obtained may be useful only as indices of rather vague feelings or
reactions. Another approach is to communicate a body of information to
respondents about the topic of interest and have them react to the topic.
This method has the advantage of equalizing the level of awareness in the
group of respondents who are polled; a potential disadvantage of this pro-
cedure is that the responses obtained may be largely influenced by the
body of information which is communicated. The proposed methodology for
studying values associated with transmission line routing assumes that
information should be communicated to respondents prior to eliciting their
judgments. How best to communicate such information is discussed in
several sections which follow.

B. SELECTION OF RESPONDENTS

Questions concerning sampling strategies involve a set of trade-offs
between 1) optimum sampling and 2) the extent to which complex questions
or judgment tasks are required of the respondent. Sampling to obtain
results which stand the greatest chance of generalizing to a larger popula-
tion usually involves some type of random or representative sampling pro-
cedure. Sample surveys,(3) including public opinion polling, usually
require the respondent to deal with relatively few stimuli. For example,
questions in public opinion polling are generally of the form, "For which
candidate would you vote?"  When more complex judgment tasks must be pre-
sented to the respondent, random sampling is less feasible. In such cases,
more time is required of each respondent in order to present complex and
perhaps unfamiliar information. Logistical and technical problems, coupled
~with the greater demand placed on the respondent's time, greatly reduce the
feasibility of selecting respondents on a random basis. The research
strategy proposed for studying values associated with transmission lines
involves: 1) communicating information to respondents and 2) eliciting

21



judgments from them concerning this information. In this respect, the
method would tend to fall in the category of complex judgment tasks.

A model developed by Craik(4) for studying the comprehension of
physical environments furnishes a framework for considering the problem of
respondent selection and other issues which are relevant to this planning

study. Table 3 presents an adaptation of Craik's model by Zube, et a1.(5)
The four categories presented in this model can be used to consider alterna-
tive study designs. Specifically, the model suggests approaches for selec-
tion of respondents (Observers), methods of communicating information to
respondents (Media of Presentation), methods for eliciting responses (Format
of Responses), and selection of stimuli to present (Environmental Dimensions).
Review of the observer category suggests that a broad spectrum of respon-
dents should be included in a study of responses to transmission line
impacts. Enlarging somewhat on the observer list on Table 3, the selec-
tion process should include a number of groups characterized by: special
interest (e.g., environmental interest groups); occupation (e.g., environ-
mental planners); and demography (e.g., groups of individuals 1living in

view of transmission lines versus individuals suspected to have little
visual contact with lines); etc. Careful selection of several groups of
respondents from varied backgrounds, interests, and demographic characteris-
tics would provide a satisfactory alternative to random sampling procedures.
This selection procedure would also permit exploration of value differences
based on group membership.

C. SELECTION OF CRITERIA FOR EVALUATING TRANSMISSION LINE IMPACTS

A fundamental question underlying the selection of criteria is whether
the criteria we think are important in describing transmission line
impacts are in fact the dimensions people actually use in responding to or
evaluating transmission line routes. For example, the diverse and lengthy
lists of criteria to which the preparers of environmental impact statements
address themselves may suffice in accounting physically for most of the
effects caused by construction and operation of the proposed facility.
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TABLE 3. A Model for Studying the Comprehension of Environments
Observers Media of Presentation Formats of Responses Environmental Dimensions
Special competence groups Direct presentation Descriptive reponses Taxonomy of everyday language

architects looking at free Objective physical and -
geographers walking around and standardized geographic measures
planners and designers through ’ ratings Sequential notational
real estate appraisers aerial views adjective checklists systems
building and "space" Tiving in mood and activity Modal behavioral

managers Representation checklists attributes
interior decorators sketches, drawings, Q-sort checks descriptive assessments
landscape artists maps Global responses evaluative assessments

and painters models, replicas thematic potential predictive assessments
natural resources photography analysis

managers cinema empathic

Special user-client groups television interpretation

elderly persons Imaginal presentation symbolic and
migrant workers multisensory
college students equivalence

wilderness area
campers

flood plain dwellers
Groups formed on the

basis of relevant

personality measures
Everyman, to general

public

graphic presention
Inferential responses
Attitudinal responses
Preferential responses

From Craik (1968) adapted by Zube, et al., (1974)



Whether this same list of criteria will adequately characterize the
psychological dimensions people actually use when they think about the
facility is another matter. The problem is one of whether the categories,
criteria, or attributes used by the researcher or decision maker to
describe some objects are in fact the same ones used by the person asked
(perhaps for the first time) to respond to the object.

Various methods for selecting transmission 1ine routes such as those
by Peters,(7) (9) show a high degree of
similarity in the major categories and subcategories used to evaluate

Voytko,(8) and Hulett and Poppens

transmission line routing. Consideration of the criteria used in the Siting
Study suggests that the same categories may suffice for measurement of public
values toward transmission lines. Eight criteria were initially selected

in the Siting Study as being significant considerations in the analysis of
nuclear plant siting options: economics, water quality, air quality,
animal/plant, cultural/recreational, health/safety, aesthetic and land use.
Examination of environmental impact statements for proposed transmission
lines showed that the land use impact ¢ a potential plant was captured by
the other seven criteria; consequently, land use was eliminated from the

list of criteria.

General descriptions of the impacts of overhead transmission Tlines
for each of the seven remaining criteria are included in Appendix C. The
descriptive material is general in nature and would need to be adapted for
specific transmission route alternatives prior to actual measurement of
criteria weighting factors. Additional information would also be needed if
underground Tines were under consideration. This study is primarily con-
cerned with electric power transmission lines rather than distribution
lines. At the present time, nearly all underground lines are lower voltage
distribution Tines.

A basic difficulty in the Siting Study was the problem experienced by
the public respondents in distinguishing the criteria. The criteria tended
to overlap in the minds of the respondents and consequently interpretation
of their weighting factors was clouded. One possible way to alleviate this
difficulty is to provide more detailed descriptive information of the
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impact of the criteria, such as included in Appendix C. The danger of
providing too detailed information is that it will be beyond the grasp of
the respondents.

It is Tikely that the criteria which will have the greatest differen-
tial impact for alternative transmission line routes are economics and
aesthetics. These criteria would, therefore, be expected to have a signifi-
cant influence in the selection of the most desirable route. Other cri-
teria might have equally large weighting factors but be relatively constant
for all alternatives.

Final selection of criteria to use in the study of values associated
with transmission lines should be based on: 1) ability of criteria to
encompass most of the effects created by a transmission Tine in any given
location, 2) ability of criteria to reflect differences between different
locations of transmission lines, and 3) psychological meaningfulness of
criteria to respondents.

The seven criteria above were selected without public participation.
There are at least two ways of incorporating public respondents into the
selection of criteria. One is to ask respondents directly what criteria
are important. This procedure is used by Nieman and Murray(]]) in their
method for planning transmission line routing systems. Individuals,
groups, and agenéies are asked to mention the aspects they feel are impor-
tant in transmission alignment. Twelve categories are defined :

e Route of least disruption to existing urbanized land use settlements
e Route of least disruption to agricultural land use practices
e Route of least disruption to natural systems

e Route of least visual impact

e Route of least disruption to recreational land use

e Route of maximum utilization of rights-of-way

e Route of least financial investment

e Route of least impact on projected human settlement

e Route of greatest system reliability

e Route of greatest accessibility

e Route of least disruption to extractive and storage resources
e Route of least disruption to forestry practices
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These categories bear some resemblance to the major criteria used in
environmental impact statements, e.g., emphasis on land use issues. This
approach is based on inputs from sources who probably have a good under-
standing of transmission line routing problems. However, a different 1ist
might be generated if the general population were polled. This approach
illustrates an attempt to use categories reflecting respondents' thinking
rather than imposing a preselected set of criteria upon them.

A second approach of identifying criteria which are meaningful to
respondents is a psychological measurement method, multidimensional scaling
(MDS).(]Z) MDS 1is useful in two situations: first, when the researcher
does not know the criteria or dimensions people employ in responding to a
set of stimuli and when the objective of the research is to determine the
relevant dimensions; second, when the investigator knows (or thinks he
knows) what the major psychological dimensions are but is not sure how
people think about those dimensions. Problems faced in the study of trans-
mission Tine routing may represent a blend of both of these situations.

MDS is a procedure in which respondents judge the degree of similarity of
several pairs of stimuli (for example, photographs of transmission line
viewscapes). No attempt is made to suggest how or on what basis the person
is to judge the similarity or difference of these pairs. In effect, the
person uses whatever "criteria" seem important to him. Data reduction
techniques are used to analyze a number of similarity judgments and the
results are interpreted to identify those dimensions or criteria which were
- actually considered by the respondent. The main point is that no attempt
is made to influence the respondents' choice of evaluative criteria; the
criteria used are respondent generated.

Applying this procedure to the transmission line routing problem,
pairs of photographs of transmission lines, accompanied by a general
discussion of the impacts (but not a categories 1ist of impacts as in the
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Siting Study), cdu]d be presented to respondents. Analysis of similarity
judgments should reveal which photograph tended to be dismissed from
consideration.

The main point of the above discussion is that careful consideration
should be given to the question of selecting the criteria for which esti-
mates of public values or importance will be obtained. A preliminary
stage in the actual research would involve a pilot test to identify these
criteria. Agreement on criteria is of methodological significance; in a
broader sense, this issue may also help explain some of the difficulties
encountered when "technocrats" attempt to communicate complex or technical
information to the general public.

D. SELECTION OF STIMULI

The problem of conveying information about transmission lines to
respondents can be divided into two related questions: 1) What kind of
stimuli to present, and 2) how to present them.

Selection of stimuli to depict the impact of transmission lines
involves an initial choice between two general alternatives: Presentation
of entire transmission line routing systems or presentation of several
discrete segments of transmission lines. The second alternative would
involve choosing representative examples of static viewscapes showing
the impact of transmission Tines upon these viewscapes.

A consideration of the problems involved in presenting several entire
transmission line corridors to respondents and obtaining meaningful judg-
ments with respect to the criteria of interest suggests that this approach
would constitute an unwieldy and overly complex task. The proposed method
therefore is to select representative samples of static viewscapes showing
- the impacts of transmission lines upon these viewscapes.

The model presented in Table 3 deals with the second question posed
above, choice of media of presentation. Alternative methods would include
on-site viewing of transmission lines and various representations of trans-
mission Tines, such as motion pictures or photographs. -In view of the
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likely logistical problems involved in transporting large numbers of

respondents to transmission line corridors, some type of representation
of transmission lines would be more feasible. Several researchers have
considered whether photographs or slides would serve as adequate proxy
for field observations.(]3']5) The results indicate that carefully
prepared color photographs or slides taken with wide angle to normal

lenses will accurately portray actual landscapes.

Prior to conducting the actual study, a sample of photographs should
be validated against the sites depicted by the photographs.(]6) Photo-
graphs would be validated by asking a group of respondents to make several
evaluative judgments (e.g., scenic quality) of: 1) photographs of trans-
mission lines in several locations and 2) the actual transmission lines
shown in the photographs. Comparison of the judgments made to the photo-
graphs and to the actual transmission lines would indicate the extent to
which the photographs portrayed the actual scenes.

Sites to be presented to respondents would be selected on the basis
of 1) transmission line-landscape scenes which are representative of those
likely to be viewed by the public, 2) capacity of the sites to reflect
differences among the criteria of interest, such as high and Tow aesthetic
impacts and optimum versus suboptimum land use, and 3) areas of particu-

larly significant impact.

In summary, color photographs of "before" and "after" landscape scenes
would be used to depict the aesthetic impact of transmission lines. A
written description would accompany each photograph, depicting all criteria
of interest.

E. MEASUREMENT TECHNIQUES

A number of approaches could be used to obtain weights or importance
estimates which respondents attach to the transmission Tine criteria.
Three alternatives will be briefly described and recommendations will be
made.

The first approach is to simply list and describe the criteria to
respondents and ask that judgments be made of the relative importance or
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weight which should be given to each criterion. This method, which might
be labelled the "direct approach," may have merit for the proposed study,
but reviews of Titerature dealing with the measurement of "impor-

tance"(17'18)

suggest that attitudes or values regarding importance are
cognitively complex and difficult to measure directly. The measurement
operation itself is quite simple; however, it demands that respondents

make very complex judgments. Results from this approach have generally

been disappointing.

A second approach involves the indirect measurement of importance
using multiple regression analysis. Multiple regression analysis, which
could be labelled the "indirect approach” for obtaining importance esti-
mates, was employed in the Siting Study mentioned earlier. A review of
the procedures used in that Study will illustrate how it could be used
in a study of transmission lines. 1In the Siting Study, respondents first
rated the "acceptability" of a power plant's impact on eight aspects of
the environment (e.g., aesthetics, air quality). Respondents then rated
the "overall acceptability" of a power plant. Regression analysis,

- which took into account both 1) the correlation between each environmental
impact category rating and the overall rating and 2) the degree to which
the eight impact categories were related to each other, produced regres-
sion weights which represented to some degree the "importance" of each
impact category in influencing the overall judgment of acceptability.

If the criteria used to predict some global or overall rating such
as overall acceptability of a power plant are independent of one another,
both in the physical world and in the mind of the respondent, then the
regression weights obtained will reflect the importance of each criterion.
Interpretation of regression weights for the criteria becomes more diffi-
cult, however, if the criteria are related to or overlap one another.
For example, if criteria such as aesthetics and air quality are related
to one another either conceptually or in the mind of the respondent, the
regression weights will refiect this relatedness. In the example described,
aesthetic considerations might receive a larger importance weight than air
quality impacts if the respondent regarded air quality impacts as simply
one aspect of aesthetic issues. Kap]an's(]g) argument for identifying

29



relevant psychological dimensions also deals with the issue of indirect
measurement of importance.

In the Siting Study, the regression weights obtained were based on
groups of respondents. Three separate groups of respondents participated
in that Study, and the analyses performed resulted in a set of regression
weights for each group.

The third approach to be described for obtaining importance estimates
is a variation of the procedure described above. Multiple regression
analysis is used, but the focus is upon the individual's weights or
importance estimates rather than upon group weights. This technique has
been used to study the way people make decisions and particularly the
strategies or "policies" a person uses in arriving at a particular deci-
sion. It has been referred to as a "policy-capturing mode].”(zo) This
approach differs from the Siting Study procedure in two ways: 1) regression
weights are calculated for individuals rather than for groups; and 2) the
respondent makes only one overall rating of the material (e.g., transmis-
sion 1ine viewscape) and need not rate the various criteria such as
aesthetics and air quality.

Application of the "policy-capturing" model to the study of trans-
mission Tline routing criteria would involve the fo]]ow{ng steps: 1) A
set of "before" and "after" viewscape photographs would be assembled
showing the visual impact of transmission lines, accompanied by a general
description of the various positive and negative environmental impacts to
be expected; 2) each photograph and accompanying description would be
examined by a panel of individuals with technical knowledge of the various
environmental impacts (e.g., aesthetics-landscape architects; economics-
economists). Each pair of photographs and descriptions would be evaluated
by the panel,. judgments wbu]d be made about the impact of the transmission
line on that location, and a set of numbers would be assigned describing
the transmission Tine impact in terms of each criterion of interest; and
3) the set of photographs and accompanying descriptions would then be
presented to respondents who would be asked to view, read, and evaluate
each stimulus and make a single rating of the overall acceptability of
a transmission line in each location. Regression analyses would be
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computed for each individual across all sets of photographs/descriptions.
The preassigned values for each category of environmental impact would be
used as predictors of the respondents' acceptability judgments for the

set of photographs/descriptions. The results for each study participant
would be a set of weights describing how much influence each of the under-
1ying criteria (which had been rated by the expert panel) had in affecting
his global ratings of acceptability for the entire set of photographs/
descriptions.

A final step in applying the policy-capturing procedure to the study
of transmission lines would involve grouping or clustering individuals
together based on similarity of their patterns of regression weights
attached to each criterion. This clustering procedure would allow for an
identification in the general population of the major "weighting systems"
used in reacting to transmission lines. For example, it might be found
that in the total sample of respondents, there were perhaps two or three
main patterns of weights. Analysis of the characteristics of people in
each of these major patterns might suggest why people react as they do
toward transmission lines. One pattern of importance weights might char-
acterize a set of highly educated, environmentally concerned individuals
while another set might represent a group of urban dwellers who rarely
view transmission lines in pristine locations. To summarize, a grouping
procedure would be used to gain a better understanding of why certain
aspects of transmission line routing are important.

A variation of the policy-capturing approach was used by Shafer,
Hamilton, and Schm1dt( 1) in a study of the landscape variables which
affected overall preferences of the public for those landscapes. Land-
scape photographs were judged by technical experts who rated each
photograph with respect to 46 characteristics. Respondents were asked to
express their preferences for sets of these photographs. The preassigned
scores from the 46 characteristics were used in muitiple regression analy-
sis to predict overall landscape preference.

In summary, three approaches for obtaining importance estimates were
reviewed. The direct approach is relatively easy to apply, but the
results obtained from this method are much more difficult to substantiate.
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Two approaches involving multiple regression analysis were described, the
approach used in the Siting Study and the Policy Capturing Model. The pro-
cedure used in Siting Study presents respondents with the list of criteria
as well as information describing these criteria. The respondent is asked
to judge the acceptability of each criterion and also rate the overall
acceptability of the transmission line location. Analyses to obtain mul-
tiple regression weights for the criteria are conducted on groups of respon-
dents. The policy-capturing method presents information about the criteria
(without necessarily making these criteria explicit to the respondent) and
would require that the respondent make one global judgment concerning the
acceptability of a transmission line in a given location. Analyses are
conducted on individuals and the weights which are obtained describe the
importance estimates for that individual.

In a study of the values attached to transmission line impacts, the
proposed approach would involve applying both the policy-capturing model
and a direct measurement approach for obtaining importance estimates. The
policy-capturing model would be used for the following reasons: 1) rela-
tive ease of administration, since respondent would be required to make
fewer responses; 2) greater flexibility in analysis and interpretation of
results since the focal point could be either the individual (whose pat-
tern of weight could be clustered with other similar patterns to identify
major “weighting systems") or upon the intact groups as originally sampled.
In spite of the limitations inherent in the direct approach, it is a rela-
tively simple procedure to use and requires little additional time of the
respondent. In the direct approach, the criteria of interest to the
researcher and decision maker would be described to respondents and they
would be asked to judge the relative importance of each criterion using
ranking or rating procedures.

F. LIMITATIONS

A method has been described for obtaining estimates of societal values
associated with transmission line routing. This method assumes that in
order to obtain meaningful and informed judgments from members of the
society, specific information about transmission lines must first be com-
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municated to them. One potential problem with this approach is that the
information communicated may largely determine the responses obtained.
Estimates of the relative importance of various routing criteria might be
biased, for example, if biased information were presented to respondents.
This problem can be partially alleviated by insuring that the information
presented is accurate, unbiased, and relatively neutral in its persuasion;
and that where there is disagreement or controversy in the scientific com-
munity concerning specific impacts, attempts be made to render a balanced
description.

A second limitation concerns the stability of weights or importance
estimates over time. Literature in the field of selection and employment
testing, for example, contains many examples of fluctuating relationships
between test scores and subsequent job performance as a function of changes
in the situation and changes in the person. Social values are probably sus-
ceptible to change over time, and it would be unwise to make one set of
measurements and use them forever. The solution to this problem is to
monitor such changes over time by making periodic measurements. In the
case of transmission line routing, it seems feasible to re-evaluate weights
for all major new lines.

A third limitation concerns the somewhat abstract nature of the task
presented to respondents. In effect, the experimental situation asks
respondents to react to transmission line impacts in an "as if" fashion
rather than to react to transmission lines as they would directly affect
them. To illustrate, respondents might react one way to photographs of
transmission lines in an urban area but respond quite differently if a
line were actually routed in front of their home. Another problem with
abstract or hypothetical judgment tasks is that people may change over
time in their evaluation of a situation. The way a person evaluates a
landscape or transmission tower from a photograph or upon first viewing
the actual site may be quite different from the way the same characteris-
tics would be evaluated if the person were in daily contact with it. What
initially may be an eyesore on the landscape may gradually come to be
viewed as a landmark, or vice versa. Again, one solution is to monitor
changing attitudes and values toward such characteristics. WOh1w111(22)
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has noted that the role of human adaptation and adjustment to changing
environments is an area of potential research in and of itself.

Finally, this methodology focuses on obtaining-estimates of the weight
which the public attaches to various transmission line criteria. However,
this methodology does not address itself to how much "weight" the "public
weight" should receive in the actual planning and decision process. As in
the case of assessing human adaptation to environmental change, the ques-
tion of how much importance should (or is) given to public desires repre-
sents an area of research unto itself.

G. EXAMPLE OF THEORY APPLICATION

Application of the procedures just described can be illustrated by
a hypothetical example which might confront a decision maker who must
choose a route for a transmission line. Suppose the selection af routes
between points A and B has been narrowed to two alternatives: one
alternative is 50 miles long and cuts directly across a forested mountain;
while the other is 100 miles long, skirts the mountain, and passes alongside
a river. Both routes probably have advantages and disadvantages from the
standpoint of a technical expert or from the "public's" point of view.
How may social or public values be incorporated into the decision-making
process? Below, the steps necessary to implement the methods described
in this chapter are presented in expanded-outline form.

1. Select criteria for evaluating the two alternate routes. Several
1ists of criteria were cited earlier in this chapter. An arbitrary decision
could be made to use one of these existing lists, such as the criteria used
in the Siting Study or the list described by Nieman “and Murray.(]]) As
an option or addition to using an existing set of criteria, a multi-

dimensional scaling experiment could also be performed if time and resources
were available. Such an experiment might shed additional light on what
criteria would be most salient to members of the public.

2. Selection of stimuli. Photographs or accompanying descriptions

would be assembled which depict typical and representative examples of
transmission line impacts upon the landscape. These photographs should
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illustrate variation in the criteria which are used (e.g., high versus
Tow aesthetic impact; high versus low dollar costs for construction).

3. Selection of respondents. Table 3 presents a brief list of

characteristics which might be used as a basis for drawing samples. As

an example, five groups of respondents might be chosen, each group containing
50 individuals: members of environmental interest/recreationists organ-
izations; representatives of the business community; special competence
groups, such as designers, planners, landscape architects, and civil
engineers; members of social/fraternal organizations; and students from

area schools. While such a sampling procedure would not yield a random
sample of respondents, it would sample across a spectrum of interests and
backgrounds.

4. Measurements. Two procedures were described earlier: ranking
and policy capturing. Application of each method will be briefly described
here. In the policy capturing approach, respondents would judge each

photograph/description and make a single judgment as to the "acceptability"
or "desirability" of a transmission Tine in the location portrayed. Pre-
determined values for each criterion (assigned by an expert panel) would

be analyzed in relation to the respondent's acceptability judgments;

the analyses would yield 'weights' which reflected the influence of each
criterion upon the respondent's judgments.

In the direct ranking approach, respondents would be presented with
the Tist of criteria, shown the photograph solely as a means of illustrating
the criteria, and asked to rank the criteria as to their importance in
routing transmission lines.

5. Interpretation. The results of the two measurement approaches
would be used to complement one another. The weights generated by the
policy capturing approach could be used to better "calibrate” the results
of the ranking approach. To illustrate, if the eight criteria from the
Siting Study were applied to the present problem, the group averages for
the criteria would assume values between 1 and 8. In reality, however, some
of the criteria might be considerably more important (in the minds of the
respondents) than other criteria. Results from the policy capturing
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exercise would better révea] the actual intervals between criteria. The
diagram below presents hypothetical results and illustrates how the results
from the two measurement procedures could be compared.

TABLE 4. Comparison of the Direct and Policy Capturing
Approaches to Criteria Weighting

Group Regression
Averaged Coefficients from
Rankings Policy Capture

Water Quality< 8

1.004 Water Quality
- Animal/Plant

Animal/Plant A

Air Quality - 6——""'——_——'_—_—_———

.70+ Health/Safety

Hea]th/Safety--5—""'——————‘—‘————‘—”’ .60

~J
o O
i

L Air Quality

Economics . 4___\\\\\\\\\\.40_L
Land Use _.3________—__________—‘_--30--Economics
.20+ Land Use
Aesthetics 12 .10+ Aesthetics
.OO-LCu1tura1/
Cultural/ <1 .
Recreational Recreational
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In effect, both procedures might show relative ordering as to
importance, but the use of both approaches would better indicate the
actual differences between criteria regarding importance.

From the viewpoint of the decision maker, an "ideal" set of results
would be one set of importance weights for all groups and all individuals
who were sampled. In practice, it is likely that more than one ranking
of priorities of criteria might emerge. For example, one group of
respondents might place great emphasis upon aesthetics, while another
group might give economics top priority. In such a case, the methods
described here do not indicate which individual or group of individuals
in society should have the greatest voice or influence. What this approach
does accomplish is to help the decision maker evaluate alternatives with
more explicit sources of data.

6. Application of criteria weights to route alternatives. The final
steps in the choice process are to: 1) use panels of experts to obtain
"'scores" for each route alternative on each of the criteria being con-
sidered, and 2) impose onto these "technical" scores for each criterion
the attached social weights. Oversimplifying in the example given at the
beginning of this section, Option 1, the shorter, more direct route over
a mountain might have a greater adverse impact on aesthetic quality and
land use considerations than Option 2, the longer route, yet involve Tower
construction costs and possess less of a health and safety hazard. If,
as in Table 4, the social weights produced by the methodology indicated
that aesthetics (0.10) and Tand use (0.20) were much less important than
economics (0.30) and safety considerations (0.70), then the choice would
be shifted in favor of Option 1.
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V. QUANTIFICATION OF AESTHETIC CRITERIA

This chapter on quantification of aesthetic criteria includes a review
of techniques for transmission line impact assessment, discussion of
approach, methodology and data preparation, and determination of visual
quality and impact. Finally, an example of the application of this procedure
is given.

A. REVIEW OF EXISTING TECHINQUES FOR TRANSMISSION LINE ROUTING/VISUAL
IMPACT ASSESSMENT

Before discussing the aesthetic evaluation component of the various
transmission Tine routing studies reviewed, it is important to gain an
overview of the prevailing underlying policies and attitudes regarding
the aesthetic role of transmission lines in the landscape. One such
attitude is that transmission 1ines should be concealed. In a 1966 study,
A Report on Appearance Planning for BPA,(]) four comments are made on the
philosophy of concealment of transmission facilities.

First, concealment is in many cases very expensive, particularly for
undergrounding conductors which must carry higher voltages. Since trans-
mission lines may well become outdated within the next 50 years, their
burial could be anachronistic.

Second, concealment of transmission lines implies that electrical
equipment is necessarily ugly; nonetheless, men have found that "a well-
shaped, technically correct, honest expression of a utilitarian object
can be the subject of p]easure...."(]’ p-12) Another author disagrees,
however, calling transmission facilities "the ugly mechanics of our
civi]ization"(z)and insists that such objects clutter the landscape of
our outdoor Tliving spaces. There is little doubt that the general public
will increasingly request that future transmission and distribution systems
be placed underground regardless of the success of transmission routing
guidelines and visual impact studies. A recent study involving response
testing confirmed that power lines always have a negative effect on scenic

resource va]ues.(3)
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Third, the authors argue that partial concealment of transmission
lines is psychologically a bad tactic:

"If an object is completely hidden from view so that no one is

aware of it, there is no problem, but if it is only partially

concealed, attention is drawn to it by a natural human curiosity

and desire to complete things....to resolve an unfinished under-

standing, which is partially cut off by the concealment. As a

matter of fact, this same principle is used by public relations
firms to attract attention." (1, p.12)

Fourth, the authors observed that:

"....conscious concealment implies either of two motives on the part

of the concealer: one, that the concealed object is meant to harm or

defraud the observer, or, second that it is believed to require hiding.

In our society the first is far from the truth, although many people

believe it to be true. Then, if electrical equipment is concealed often

enough because it is believed, by some, to be ugly, the public will soon

believe it too." (1, p. 13)

A 1973 po11(4) indicates that the general public has an inadequate
knowledge of the electric utility industry, its operations and its problems.
This basic misunderstanding is perhaps the source of some of the public
dissatisfaction and anxiety toward transmission lines. The Tuxury of con-
cealment or even partial concealment of facilities is becoming less and less
available (see Figure 2), and aesthetic conflicts from an environmentally

aroused general public are inevitable as future lines are constructed.

Given these background considerations, it is possible to group visual
impact studies and transmission line routing selection methodologies into

four main categories:(6’7)

1. Performance guidelines

2. Visual exposure sensitivity and viewing population assessment
3. "Landscape image" disruption evaluation

4, Visual quality/impact evaluation

Performance Guidelines

Performance Guidelines are lists of environmental "do's" and "don'ts"
which have been compiled from practical experience in siting and evaluating
visual impacts of transmission facilties over a broad spectrum of situations
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and scales of concern. These range from policy statements on the use of
existing rights-of-way whenever possible down to site-specific suggestions
such as the treatment of particular road crossing situations and con-
struction and management specifications to minimize erosion and post-
construction impacts.
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FIGURE 2. Comparison of a "common" 138 KV transmission tower with a
potentially enlarged version to carry 1500 KV, which may be
required by 1985. Over half the length of a football field
high, such uhv structures would be problematic in the attempt
even for "partial concealment" in the landscape. (5)
Source: Hammond, Metz, and Maugh, Energy and the Future, 1973

Perhaps the greatest problem encountered in the use of such guidelines
is in applying the guidelines to a particular situation where special condi-
tions may warrant a slightly different solution. Another problem with exist-
ing lists of guidelines reviewed is their apparent lack of organization.
Although typically arranged -in sections which apply to (a) selection of a
proposed route or corridor, (b) design, (c) clearing, (d) construction,

(e) cleanup and restoration, and (f) maintenance, there is considerable
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overlap between thése categories which makes their exclusive use and appli-
cation incomplete. Within each category guidelines appear to be placed in
seemingly random order, requiring the user or reviewer to constantly shift
his concern from one guideline to the next. Appendix A, Some Environmental
Performance Guidelines for Transmission Lines, was compiled for this study

from five sources and is organized and cross-referenced in a manner which
hopefully will facilitate its use in the planning, design or evaluation
stages. The guidelines are placed in five categories:

General Planning Policy
Physiography

Vegetation

Sensitive Areas

Roads

Within each category guidelines are arranged from the general to more speci-
fic concerns, and the user is referred to preceeding guidelines which should
apply to that particular level of concern.

Although guidelines and standards are a necessary requirement in the
development of envirohmenta]]y responsive transmission route planning, they
cannot substitute for a systematic planning-orientation approach and may
only serve as idealized goals which apply to specific situations. As such,

however, they may fit neatly into one of the broader planning processes
discussed below.

Visual Exposure Sensitivity and Viewing Population Assessment

These studies are perhaps the most commonly used in transmission line
routing and visual impact prediction. One of the main criteria considered
is the potential visibility of transmission facilities in the landscape,
which may be based on (a) topographic features, (b) vegetation, and in some
cases (c) complexity (scattered, somewhat open woods combined with a variety
of natural and man-made visual elements may be more capable of absorbing an
additional element than landscapes which are more simple and uniform).(8)
These studies also consider the types of existing and proposed land uses
traversed by transmission facilities (residential, commercial, industrial,

recreation, transportation) and particular areas of sensitivity (lands seen
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from scenic roads and 1hportant overlooks) in order to identify areas or

land uses where transmission facilities would create conflicts in context.
Another consideration is the number of viewers who would be exposed to the
facilities, which may include travelers on roads, railroads, boats or trails
as well as residential population within a given distance from the route or
within the corridor's viewshed. While the components of this level of study
are undoubtedly important and useful, neither the actual visual impact upon
the landscape nor recognition of the landscape's visual quality is addressed.

"Landscape Image" Disruption Evaluation

An excellent visual analysis system recently developed by Ontario

Hydro(6’7)

considers the processes "by which man perceives and forms images
of the environment, and his technique for remembering those images. Visual
impact in this context is defined as the predicted disruption to the exist-
ing image of the area caused by a proposed deve1opment"(7’ p.3). The system
includes and extends the capabilities of the first two study types while
providing a rational order for and theoretical background explanation of

each factor considered.

First, the visual characteristics ("landscape clues") of each landscape
setting within the study area are identified and the degree to which the
visual character of transmission towers and rights-of-way would alter or
visually dominate the image of each setting is evaluated. Hence, each land-
scape unit is mapped and rated as to its specific compatability with trans-
mission facilities.

Second, recognizing that an observer will be more attentive or sensitive
in certain areas of the landscape than in others, those areas of the land-
scape where viewer sensitivity or visual awareness is increased are identified.
Such areas occur near boundary edges between different landscape types, at
overlooks which present vistas and panoramas of large segments of the land-
scape at a glance, near natural or cultural landmarks which dominate the
image of the surrounding area, and in advertised scenic, natural or historic
areas. While the above set.of sensitivity factors are most valid for trave-
lers within an area, an additional level of sensitivity discrimination is
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achieved by the use of resident questionnaires to identify landmarks of
regional and local significance as seen through the eyes and attitudes of
the community affected; this innovative technique for public participa-
tion is perhaps this system's most significant contribution to trans-
mission line visual impact analysis. These sensitivity areas are mapped
and evaluated as high-impact areas. To assist in considering the specific
location of a given route, a Tist of performance guidelines is also used at
at this stage.

Third, a consideration of paths which provide the visual structuring
sequence of elements along their adjacent landscape corridors is made. From
traffic volume data map interpretation and field observation, the use inten-
sity levels of roads, railroad lines, boatways and trails are identified
~and the number of viewers along each path is determined; high-use areas are
weighted as being highly sensitive. When this analysis is applied to spe-
cific routing decisions, the viewsheds of all high-use roads are mapped for
comparison with those various alternative routes.

Fourth, the potential constraints for remedial actions which would allow
mitigation of the visual impacts of a transmission line within each major
landscape unit are evaluated and mapped, based on the appropriateness and
availability of screening devices or concealment tactics for each landscape.

Fifth, projected future land uses are considered to aid the long-term
outcome of the visual characteristics, probable travel patterns and viewing
populations of potentially developed areas. The future image of an area may
affect the decision for location of transmission facilities and evaluation
of their probable visual impact; hence, future land uses are mapped and their
compatability with transmission facilities evaluated.

Finally, the five overlay maps are comprised to produce a suitability
map. Since each individual map may contain a maximum of three levels of
constraint ranging from high to low, combinations of these areas are scored
by combining the individual constraint scores.

This visual analysis system is the most comprehensive visual study
reviewed for this report. While many of the concepts and procedures have
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been used in other types of visual analysis studies, this particular system
combines and presents, these ideas convincingly and clearly. In particular,
the supporting document, A Background Paper Prepared for the Workshop on

(6)

Visual Impact by Alan Vaughan, is a rational compilation and discussion on

visual perception theory.

[f one wanted an accurate and easily applied visual analysis system to
aid in transmission line routing decisions, it would at first appear that
this approach meets all the requirements; further investigation of the results
of this system do, however, reveal the need for an established reference point
to aid comparison and evaluation of the impacts of various transmission
routing alternatives (See Chapter III.B). The inherent problem is that
the actual quality value of a given landscape character is never directly
assigned, but only implied. Hence, this system is excellent for selecting
and evaluating routes of minimum visual disruption within a given study area
but cannot actually quantify the severity level of a "minimum visual disrup-
tion". While paying strict attention to the "image" of the landscape, it
pays no attention to the "visual quality" of the landscape. With the addi-
tion of a visual quality index, the Ontario Hydro Visual Analysis System
could be a formidable tool; in essence, the system proposed in Section E of
this chapter attempts to add this necessary dimension.

Visual Quality/Impact Evaluation

This evaluation potentially represents the most thorough and responsive
of the four levels of studies discussed. It would ideally encompass the
above study types and add the visual quality analysis necessary to establish
a reference point for comparison of the impacts of alternative routes tra-
versing different types of landscape (even in different study areas). It
would also aid the assigning of weights to the importance of the visual
impact component relative to the importance of other environmental impact
evaluations. A detailed proposal for such a system may be found in the
remaining pages of this chapter.
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B. APPROACH/METHODOLOGY

This section presents an approach to predictively evaluate the visual
impact resulting from the introduction of transmission facilities into a
landscape. Preferably the methodology will: 1) allow comparison between
a range of transmission alternatives within a given landscape or traversing
a range of landscape types; 2) be effective and suitable for use by a small
number of evaluators while providing a framework for public participation
when desirable; 3) be applicable to any landscape-transmission facility
combination; and 4) be compatible for use in combination with the methodology
to assess the visual impacts of nuclear power plants previously outlined by

the authors.(g)

Assumptions and Concepts

The visual impact evaluation procedure presented here for transmission
lines is an adaptation of a previous technique developed by Jones and Jones
with Battelle-Northwest for t?e AEC to evaluate the visual impacts of
(9

nuclear power plant siting. The previous study was broken into three

major sections: \

Data Preparation Preliminary Analysis
Evaluations of Visual Quality
Determination of Visual Impact

The first section described a method for locating representative view-
points surrounding a proposed nuclear power generating station site and
photographing the view towards the facility. Two sets of slides or photos
were prepared, one set "before" and one set touched up to simulate the
"after" appearance with the facility in place.

The second section described three slightly different approaches to
evaluate visual quality of a view using a questionnaire on which the
individual quality indicators of intactness (apparent degree of natural
condition), vividness (memorability of the visual impression received from
an image), and unity (compositional integrity, harmony and coherence) were
separately rated for the "before" and "after" photos. A rating was also
given to the visual importance of each element in the view.
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The third section combined the ratings for intactness, vividness, unity,
and visual importance in an equation which yielded a numerical score for
visual quality on a 1-100 scale; one score was determined for "before" and
one for "after" views. These two scores were then placed into a ratio to
express the severity of the change in visual quality relative to the "before"
quality score. "Visual impact" was then expressed as a product of the ratio
of change in visual quality and the size of the viewing population.

The study presented here uses the same visual quality and visual impact
evaluation procedures described in the second and third sections of the Sit-
ing Study, and the reader is urged to refer to sections in that work for the
specific details of the approach. This chapter will primarily adapt the
first section (data preparation and preliminary analysis) for use with and
application to transmission facilities.

In many ways, determination of the visual impacts of transmission
facilities is more highly involved than for nuclear power plants. First of
all, transmission facilities produce linear impacts (as opposed to point-
source impacts from nuclear power plants) which may traverse a wide range
of landscape settings and be visible from a variety of viewpoints; hence,
identification of specific zones of high impact is very important, as selec-
tion of representative viewpoints for detailed qualitative visual impact
evaluation must depend upon the specific occurrences of these zones in the
landscape. Secondly, since visual analysis is being used more and more in
the selection of transmission corridors as well as in the visual impact
‘evaluation of an actual selected route alternative, the methodology must be
flexible in application as well as consistent in its use of data at various
scales during all phases of the planning process. For these reasons, the
data preparation/preliminary analysis must apply to a broader range of issues
than were encountered with nuclear power plant sitings.

Since the visual impact of transmission facilities will vary from one
landscape to the next, a method of landscape classification (based on classes
of landform and land cover pattern) is applied to the study area. Each
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landscape type mapped is then rated according to the degree to which it may
compatably absorb transmission facilities without suffering a major change
in its image. Scarce visual resources within the study area are identified
and may take on a significance value according to their relative scarcity
within a larger context. Visually fragile landscape areas are identified
under the categories of edges, special land use districts, landmarks and
overlooks; the "viewshed" (surrounding lands which are visible) around land-
marks and from overlooks are constructed and mapped to determine whether or
not these fragile areas will be visually impacted.

The sensitivity of transiting and resident viewers is considered. View-
sheds of major roads are mapped to aid in the planning of transmission facili-
ties, or the viewshed of a proposed transmission route alignment is mapped
to locate areas of visual conflict with paths. A questionnaire is sent to
residents of a potentially impacted area to record and protect their preferred
local visual environments. Factors which would tend to mitigate visual
impacts over time are also considered, including remedial tactics (such as
screening, special right-of-way treatment, and tower design and color) and
future land uses which might tend to diminish (or increase) the severity of
the transmission impacts over a longer period.

The above information is integrated on a single map for use in select-
ing corridors or specific alignments or in identifying high-impact zones for
detailed visual impact evaluation. Viewpoints in these areas are selected
and the visual quality of views from these points determined "before" and
"after;" the procedure is identical to that presented in the last two sections
of the Siting Study.

This study draws from and owes much to earlier visual analysis work done
by others; References 1, 6, 7, and 10-21 (which deal with transmission x
impacts) were reviewed and portions of them incorporated into this work. In
particular, the excellent visual analysis system devised by Alan Vaughan and

(6,7,10,18)

others for Ontario Hydro helped to clarify and formulate the core

of the data preparation/preliminary analysis procedure. The authors have
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applied the visual quality evaluation procedure (using the parameters of
vividness, intactness and unity first described in the Siting Study) to
several studies and have found it to be a very useful and accurate

too] (22,23,24)

Equations for Visual Impact Assessment

A questionnaire (Appendix B) is employed to assess visual quality of
each viewscape before and after the facility is introduced into it. Mea-
surement Level 1 gives a direct score for visual quality on a scale of
1-100, and therefore needs no calculation. Measurements Levels 2 and 3
both depend on the basic formula:

vQ = 1/3 (I +V + U)
where
VQ = Visual quality of the viewscape
I = Intactness
V = Vividness
U = Unity

The ratio of change in visual quality (R) in a viewscape from before (VQb)
to after (VQa) is expressed as:

) VQa - VQb

R
VQb

Visual impact measured at a given viewpoint is:
visual impact = R x P

where

It

R = ratio of change in visual quality for viewscape

P

population contact per year at that viewpoint

For further elaboration of the application of these equations, and for the
definitions and scaling of intactness, vividness, and unity, see the Siting
Study (pp. 82-85, 107-147).
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C. DATA PREPARATION/PRELIMINARY ANALYSIS

In order to carry out the visual analysis, the following preparatory
data are required:

e Location, topographic maps, and stereo aerial photography of potential
study area or alternative to be evaluated.

e Depending on the nature and scale of the study, the appropriate
identification of the alternatives or study areas to be evaluated,
the voltage and number of circuits proposed, the route origin and/or
destination points, the range of tower designs and sizes which might
be selected for use.

e Population data by settlement and/or per square mile and traffic
volume data on major roads (greater than 1000 cars/day) within the
study area.

e Regional maps to aid in the understanding of the position and
scarcity of the study area with regard to the broader landscape.

o Natural historic or cultural points of interest and land uses within
the study area.

e Future land use plans for the study area.

o Names and addresses of a sample of the resident population within

the study area.

With these data and with access to the lands potentially traversed
by transmission lines for photography and onsite evaluation, the visual
analysis can proceed in the following stages: 1) landscape classification
and visual compatibility, 2) scarce and fragile visual resources, 3) viewer
sensitivity, and 4) mitigation potential and future impacts. Based on
analysis in these stages, four overlay maps can be prepared which will be
useful in the next stage, identification of alternative transmission
locations and high-impact zones. The final stage involves viewscape
photography - before and after transmission lines.

Landscape Classification and Transmission Visual Compatibility

During the first stage of the visual assessment, two steps must be
taken: a) classification of the landscapes potentially traversed by trans-
mission faci]iiies, and b) evaluation of the compatibility between the
visual characteristics of the proposed transmission facilities and the
visual characteristics of each landscape.
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Landscape Classification

The visual characteristics of each landscape setting which the trans-
mission facilities would traverse need to be known to evaluate the relative
compatibility (or severity) of visual impacts caused by the introduction of
transmission 1ines along the various settings of a given alignment. Land-
scape classification techniques have been devised and applied at various

scales by a number of authors, (647,22-33)

Large-scaled regional studies often depict on a map the type and
quality of landscapes to be found in different areas. The visual charac-
teristics of any landscape may be identified and generally categorized
under the headings of landform (mountains, hills, valleys, plains) and
land cover pattern (vegetation, waterforms and human settlement). While
this regional and subregional scale of classification is ideal for the

location and visual impact assessment of potential transmission corridors,
the addition of more detailed information of the visual character of a
specific location in the Tandscape will aid alignment decisions and impact
assessment from specific transmission siting alternatives.

In order to group areas of similar landscape character based on land-
form, the broadest useful category of classification is the physiographic
region which groups together landscapes of the continent according to areas
of similar topography and geologic origin. This information is readily
available in a geography or geology textbook. Within each large physio-
graphic region smaller distinctive subregions may be identified according
to differences in landform pattern and drainage basins (watersheds). The
subregions may be subdivided into ridges, valleys, plateaus, gorges, escarp-
ments, etc; these in turn may be further classified by relative relief
according to the level of classification desired.

Land cover classification falls under the general categories of vege-
tation (forests, shrublands, grasslands, heaths, marshes), waterform (oceans,
sounds, bays, lakes, rivers, ponds, glaciers), and human settlement (roads,
utility networks, urban, suburban, agricultural, wilderness). Each of these
land cover variables may be combined and/or subdivided depending on the scale
of classification desired. |
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Once landform and land cover patterns have been mapped separately, the
/ two maps may be combined and the resultant Tandscape units classified in a
hierarchical manner.

Transmission Visual Compatibility Assessment

Having become familiar with the visual characteristics of each Tandscape
unit, it becomes a relatively easy task for the evaluator to determine the
potential visual compatibility (contrast between visual images) for a given
transmission facility/landscape unit combination. Many of the ideas for
compatibility assessment may be found in the Tist of environmental performance
guidelines for transmission lines presented in Appendix A; other considera-
tions can be added as an evaluator finds an important consideration which
merits inclusion.

There are two major sets of visual characteristics of transmission
facilities: (1) the towers, footings and conductors which are the physical
transmission "objects" or visible elements, and (2) their right-of-way or
corridor, the Tineal space along which vegetation and the ground surface may
appear as being distinctly different from the surrounding landscape. Depend-
ing on the visual characteristics of the landscape setting and the observer's
distance from the facilities, either or both of these components may be
visible or relatively nonvisible. For instance, a sequence of transmission
towers and conductors silhouetted against the sky may be quite visible in a
relatively level open landscape, while its corridor right-of-way may be
barely distinguishable from the surrounding grasslands; on the other hand,
the towers seen at a distance in a forested, mountainous landscape may be
barely distinguishable from their wooded background, but the distinctively
cleared band of the right-of-way may be highly apparent.

| The visual impact of a tower on the landscape is dependent upon its
size, complexity, design and color. One author makes the following recom-
mendations in considering and evaluating new tower designs:

"Structure designs that are most usually acceptable in the environ-
ment are those of the simplest form....simplicity in overall out-
line, a balanced or symmetrical arrangement of elements relative

to the vertical support, parallel and orderly placement of ele-
ments within the overall outline and the minimization of pole-top
elements are design criteria upon which to evaluate structure
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designs. Attembts at increasing the attractiveness of towers

have sometimes led to exotic designs that only attract more

attention than those of less complex silhouette. A more appro-

priate design purpose would be to achieve desi?ns that are so

simple as to be unoffensive and unnoticeable."{13, p. 6)

Although much attention, effort and ingenuity is being placed on the
improvement of tower designs to diminish their visual impact, the tower
and conductors represent only a portion of the visual impact of transmission
facilities in many landscape settings. The impact of the linear corridor
and the context in which the transmission facilities are viewed are con-
siderations of prime importance. For this reason, the same authors con-
clude that:

"Careful siting of rights-of-ways for minimum visibility and least

physical and visual disruption of the landscape offers the greatest

opportunity for success...." (ibid).

Hence, both sets of characteristics require consideration for the
assessment of visual compatibility; this may be done with the checklist
shown in Table 5.

TABLE 5. Landscape/Transmission Visual Compatibility Assessment Checklist

Landscape Unit: Rating
Towers and Conductors vs. Landscape Unit:

a) Scale Compatibility

b) Land Use Setting

c) Foreground Screening Potential (Landform/vegetation)
d) Background Screening Potential (Landform/vegetation)

TOWER MEAN SCORE:

Right of Way vs. Landscape Unit:
e) Landform Conformity Potential
f) Vegetative Pattern Continuity
g) Land Use Pattern Continuity

RIGHT OF WAY MEAN SCORE:

Factor Rating Scale: Very Compatible
Compatible
Neutral
Incompatible

Very Incompatible
54
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Four factors should be considered in connection with the appearance
of the transmission towers and conductors in each landscape unit.

1) Scale Compatibility: How similar in size and scale are the struc-
tures with the landscape elements of the unit? Would the structures dominate
or tend to "dwarf" the tallest trees and manmade elements?

2) Land Use Setting Compatibility: How visually compatible would trans-
mission facilities be with the visual characteristics of the land use set-

tings? Using a three-man panel, one author(34)

has attempted to evaluate
the visual compatibility between the visual characteristics of transmission
components and those of various land uses. On a five-point scale similar to

the one proposed here. land uses were ranked in terms of their incompatibilities:

LAND USE QUANTITATIVE VALUE
Commercial 1.8 very incompatible
Industrial 1.8
Recreational/Open Space 2.0
Residential 2.4
Transportation 2.6 1incompatible
Special Considerations 2.6
Recreation/Parks-Playgrounds 2.6
Agriculture 2.7 neutral
Public and Quasi-Public 3.2 compatible

It must be emphasized that this evaluation is not based on attitudes
regarding the sanctity of certain land uses for transmission corridors as
opposed to others (which will be evaluated later in this chapter) but rather
was done purely in terms of their apparent visual compatibility with trans-
mission facilities. This evaluation tactic needs broader testing and fur-
ther study.

3) Foreground Screening Potential: Are there apparent opportunities
in the Tandscape unit to generally screen transmission facilities from view
by existing landforms and/or vegetation?
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4) Background Screening Potential: Are there sufficient topographic
relief, vegetation height and spatial enclosure to generally prevent the
transmission facilities from being silhouetted or partially silhouetted above
the skyline?

A second group of factors which pertain to the right-of-way appearance
should also be evaluated:

1) Landform Conformity Potential: 1In keeping with the environmental
guidelines regarding physiography (Appendix A), would the corridor have to
oppose the contours and patterns of topographic features, crossing hills at
right angles to the contours? Could a useful corridor follow lower valley
depressions through hills and mountainous terrain? Must it cross steep
slopes in order to connect the generating source and load centers?

2) Vegetation Pattern Continuity: Would the right-of-way be visually
well-defined due to dense even-growth forests which it traverses? Would
vegetation along the corridor be visually distinct from the surrounding
patterns? Would the corridor be barely noticeable due to the absence of a
regular, even pattern of vegetation?

3) Land Use Pattern Continuity: Would the right-of-way paraliel and
reinforce existing patterns of development, or would it necessarily cross
them diagonally? Could the right-of-way be located along edges between
land uses?

Once these questions are answered and the compatibility rating com-
pleted, the evaluator should prepare a map depicting the classified land-
scape units with their visual compatibility ratings with transmission
facilities.

Scarce and Fragile Visual Resources

At the second stage of visual assessment, both scarce visual resources
of each landscape unit in the study area and visually fragile landscape
areas are identified and mapped together.
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Scarce Visual Resources

Visual resources which are peculiar to or most characteristic of a
given landscape locale or region need to be identified. Within the frame-
work of the landscape classification system applied to the study area in
the first stage, this survey should seek those landscape units, subunits
or landscape features which are unique relative to a larger area. Investi-
gation of topographic maps and stereo aerial photography will facilitate
this survey, and a follow-up ground survey should be performed to investi-
gate particular areas which appear to contain scarce visual resources. The
comparison should be considered at both a microscale (search for scarce
resources within the smallest landscape unit defined) and on a macroscale
(determine the scarcity of each landscape unit's visual resources relative
to other landscape units within a subregion or region, as well as the
scarcity of the landscapes of that subregion or region in comparison with
those of other areas). Since familiarity with a broad range of Tandscapes
and landscape features is a valuable asset in this comparative study,
visually oriented persons familiar with the larger landscape are best
qualified to undertake this survey. In considering the scarcity of land-
scape features, it is convenient to categorize features, as those of water-
form (waterfalls, geysers, glaciers, rivers, streams, creeks, springs),
landform (peaks, ridges, knolls, valleys, basins, gorges, cliffs, drumlins,
eskers, kames, rock outcrops), vegetation (rare endemic species, unique
plant communities, edges between different vegetation types), or cultural
(archeologic or historical sites); this categorization will further aid the
evaluation of visual impact in a later step. .

Any significant scarce visual resource identified should be expressed
in terms of its scale of reference. For example, a recent survey of the
nine-mile long South Platte River Canyon revealed that the canyon is phy-
sically and visually unique to the 400-mile mainstem of the South Platte
River, and in fact is unique to the entire North and South Platte River
system combined; only two other canyons in the front range of the Rockies
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contain rivers of comparable size and, of the three, the South Platte Canyon
is the least developed and visually encroached by man; and a proposed dam

in the upper canyon would inundate the river's most violent and visually
dramatic segment of chutes and rapids.(23) Similar expressions should be
used to express the significance of scarce landscape visual resources
identified in the survey. If necessary, the degree of scarcity may be

expressed as a rating or a ratio.(232453%)

Visually Fragile Landscape Areas

Visual contents of city images (physical forms) can be classified into
five types of elements: edges, districts, landmarks, paths and nodes.(36)
These elements may be identified within many types of environmental images
or landscapes. Since these elements are used by the observer as reference
framework for visual orientation within the landscape, his awareness is
heightened near these critical areas and thus they are particularly sensi-
tive to alterations such as the introduction of transmission 11nes.(6’7)
At this stage of determining the visually fragile areas of the landscape,
edges, special districts, landmarks, and overlooks should be identified
and mapped. (Paths and nodes in the landscape will be discussed in the
next step.)

Edges are the interfaces or boundary areas between distinctly different
landscape types. The visual transition between landscape units may be abrupt
or gradual, but to some degree a viewer's awareness will increase in crossing
an edge boundary as new visual information must be assimilated and categorized.
Hence the image at or near major edge boundaries between landscape units will
be quite vivid, and transmission facilities located in these areas are likely
to be more readily perceived. Some edges which visually bound landscape
units are very prominent, such as continuous ridgelines, hills, or woods
which are visible for some distance from the surrounding area; these highly
visible skyline edge elements are particularly visually fragile to landscape
alterations from transmission lines.

The term "district" refers in general to geographic areas"...which the
observer mentally enters 'inside of', and which are recognizable as having
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w(36, P. 47) ence any identifiable land-

some common, identifying character.
scape unit is a district; however, at this stage the primary concern should
be special land use districts which may include advertised scenic, historic,
natural or recreational areas, or human settlements, which have a specific
expected or anticipated image in the eyes of the public. Wildlife refuges,
wilderness areas, national, state or local parks, public recreation areas,
scenic roads, cemeteries, historic and culturally significant areas (and
occasionally towns and farm complexes) usually have a preconceived image
associated with them which does not include transmission lines. Their
introduction into such areas would have a significant visual impact far

out of proportion to the actual degree of visual alteration.

Landmarks are usually point-references which, due to their prominence,
singularity, isolation, contrast or focal location, tend to dominate their
setting and hence imprint a vivid impression of that scene in the mind of

(6,7) Power lines appearing in such scenes will tend to be

the viewer.
imprinted and remembered. Hence, the surrounding areas of the landscape

seen or associated with a landmark are particularly fragile. Landmarks may
include both natural and cultural elements, such as mountain peaks, prominent
rock outcrops, a prominent distinctive grouping or singular vegetative feature,
waterfalls, towers, city skylines, etc. These are easy to locate and map.
Those elements which bear special associations and significance to resident
populations will be identified by questionnaire in the next stage of the

study.

Overlooks are special places which present to the viewer vistas and/or
panoramas of an extensive area of the landscape. Since visual comprehension
of the overall landscape pattern is easily and quickly possible from over-
looks, the lands surveyable from them are especially fragile. Some over-
Tooks may occur within the special land use districts which have advertised
scenic, historic, natural or recreational associations attached to them,
and overlooks from within these areas should in particular be identified.
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In selecting alternative corridor alignments, it is important to con-
struct the "viewshed" of the identified landmarks and overlooks to Tocate
the lands from which Tandmarks are visible and the lands viewed from an
overlook, since these supporting landscape areas are highly fragile. A de-
tailed instruction for hand-plotting a viewshed (sight-line analysis) may be
found in the Siting Study. A computer program is available to aid viewshed
construction using digitized topographic data.(37'40) These visually fragile
viewshed lands within a three to five mile radius of a potential corridor
should be mapped, along with the edges and special land-use districts dis-
cussed above, and combined on the same map with the scarce visual resources.

Viewer Sensitivity

The third map produced should display those portions of the landscape
in which viewer sensitivity is particularly high. These lands may include
portions of the scarce and fragile visual resources identified on the pre-
vious map with the addition of: (a) lands viewed from paths and nodes by
the transiting viewer, and (b) local landmarks and fragile areas as deter-
mined by sensitivity survey of the residents of a potentially impacted area.

Transiting Viewer Sensitivity

People are aware of the regional landscape as a sequence of views along
a fairly narrow corridor as seen from a series of given paths: roads,
railroads, boat courses and commercial airways. The transiting viewer is
apt to be very sensitive to the visible presence of transmission lines any-
where along these paths; in recognition of this, a large number of the
environmental guidelines for transmission lines treat various road crossing
conditions, approaches and parallel transmission alignments (See Appendix A).

In selecting possible alternative corridor alignments, it is most use-
ful to plot the viewshed of the major network of paths (most often, roads)
within the study area in order to avoid these areas or seek optimum condi-
tions for crossing or parallelling them. Viewer sensitivity will be par-
ticularly heightened where the path viewsheds overlap major landscape edges,
advertised scenic/recreation districts, landmarks, overlooks or at inter-
sections with other paths (road crossings and interchanges); these
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overlapping areas constitute strategic landscape nodes of concentrated
visual events. Viewing populations along roads can be determined from
traffic volume data and will be useful in quantifying the fréquency and
significance of views from various paths.

Resident Viewer Sensitivity

To invite public participation with regard to visually fragile portions

of the local landscape, Vaughan has successfully employed a resident ques-
(6,7)
The

questionnaire requests that ten of the most interesting or typical local

tionnaire as a part of Ontario Hydro's visual analysis system.

landmark or landscape scene(s) be nominated, ranked in order of personal
preference, and located on a township map; the location of the respondent's
home is also to be marked on the map. When the questionnaire data are
compiled for an area, the number of times an object is named is a relative
indication as to its scale of importance (regional or local). If carefully
designed, the questionnaire might be expanded to determine other public
attitudes such as concerning the appropriate and nonappropriate visual

land use context for transmission lines. This information will probably

be most useful at the actual route alignment design stage when it can help
determine and avoid sensitive local landscape areas within a broad potential
corridor. '

Mitigation Potential and Future Impacts

Although the initial visual impacts may be severe in a given landscape
character type, some landscape types lend themselves more readily to reme-
dial tactics than others. It may be very difficult or inappropriate to
establish screening vegetation (such as foreground trees) in flat shrubland
or grassland landscapes; however, this tactic could be successfully employed
in a mixed forest or a wooded/agricultural landscape. Hence, each landscape
unit identified should be rated as to the ease, success and appropriateness
of such screening tactics.

Other remedial tactics include the careful use of color, materials,
tower design and right-of-way treatments to help diminish the vividqess of
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power 1ines and rights-of-way and to unify them with their landscape set-
tings; these and other remedial tactics (including undergrounding) may be
found in Appendix A, and may be considered at the corridor selection pro-
cess stage or as remedies to specific problems along a chosen alignment.

A future change in land use, if planned or predictable, can drasti-
cally change the visual character of a landscape setting and may affect the
decision whether or not to locate transmission facilities in a given area.
Hence future land uses are important considerations which may permit the
tolerance of a high short-range impact or prevent transmission siting in a
future zone of high impact.

Alternative Transmission Locations and High-Impact Zones

The four overlay maps produced from the above include:

1) Landscape Classification and Transmission Visual Compatibi]ity
2) Scarce and Fragile Visual Resources

3) Viewer Sensitivity

4) Mitigation Potential and Future Land Use.

These maps should be overlayed and the information transferred onto a single
map which integrates the data while retaining all of the various condition
combinations. (If computer maps have been used, this step is particularly
easy to achieve). This map may then be used to select alternative corridors
or alignments,and to identify particular high-impact zones which deserve
more detailed evaluation. These high-impact zones may include corridors

or viewsheds of alignments passing through any of the following conditions:

® Through landscape units of low visual compatibility

® Across a number of major landscape unit edge boundaries

¢ Through areas of scarce visual resources

Through visually fragile special land-use districts
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® Across viewsheds of significant landmarks or overlooks
® Across viewsheds of major paths

Near significant local landscape features and human settlements

® Through areas of low remedial-tactic potential

® Through areas of incompatible future land uses.

Any alignment which crosses a number of these potential high-impact areas
(particularly in concentrated areas of overlap) may be judged to be of
higher visual impact than an alternative which crosses fewer of these zones;
inevitably, however, some areas of high visual impact will occur, and these
are the areas which should be selected as viewpoints for detailed quantified
visual impact evaluation when such is required.

The actual selection of viewpoints should be determined by two basic
criteria: (a) representative views of the transmission facility in its
setting of most severe visual impact, and (b) size of viewing population.

The first requirement can easily be met by considering the viewshed of the
proposed alignment along with the conditions named above, the direction of
view, and the distance and position of the observer. These variables are
then compared with the environmental guidelines presented in Appendix A.

The size of the viéwing population is readily available as population
statistics or density per square mile for settlement areas (resident viewers)
and as traffic volume data (transiting viewers).

Observer position and observer distance variables are discussed in the
Siting Study. However, viewpoint selection for specific transmission line
impacts should be dependent upon the actual conditions within each high-
impact zone identified rather than follow an idealized distribution pattern
as recommended for viewpoint selection around nuclear power plant sites.
Direction of view considerations and visual conditions discussed in the Siting
Study should basically apply to transmission lines, but the primary considera-
tion should be the depiction of the full visual impact of the proposed trans-
mission facility for proper evaluation, route selection, and mitigation.
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Viewscape Photography - Before and After

After the high-impact zones have been identified and representative
viewpoints within them selected, the panoramic viewscape from each view-
point must be photographed. At this stage it is important that the photo-
grapher have a complete understanding of the parameters and appearance
variables of transmission line routing so that he may be accurate and
inclusive in his photography. It is suggested that three-frame color photo
panoramas be taken from a leveled tripod and enlarged and spliced together
to approximately 5" x 14". At least two sets of photos should be prepared,
one set to represent "before" and the second set to be touched up with the
transmission facilities and right-of-way to represent "after." It is
important that the touch-up artist be qualified to perform accurate and
convincing representations of the transmission facilities in the landscape,
since these photos will be used to simulate their actual postconstruction
appearance for visual quality evaluation.

D. EVALUATION OF VISUAL QUALITY

Evaluation of visual quality of each before and after viewscape should
be made by at least five evaluators, who will be asked to view colored photo-
graphs and record their visual evaluations on a questionnaire (see Appendix
B). The following portion of this section is adapted from the Siting Study.
Portions of that work would be given to each evaluator prior to the visual
evaluation to help define and illustrate the concepts of intactness, vivid-
ness, unity and importance, which will be rated and recorded on the question-
naire for each viewscape.

Three Levels of Visual Quality Measurement

The viewscape questionnaire actually consists of three levels of
visual measurement for each viewscape:

Level 1 - Pre-evaluation Measurement

Level 2 - Overall Visual Attribute Measurement

Level 3 - Elemental Visual Attribute Measurement.
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These threé measufement levels were derived earlier during the Siting Study
as three slightly different approaches to the evaluation of a viewscape's
visual quality. Although these approaches are not mutually exclusive,

all three were used successfully by a special-competence group in the evalu-

(9, pp 140-147) ¢ the three measurement Tevels,

ation of three viewscapes
agreement in scores was closest between Level 1 and Level 3. The visual
impact scores derived from Level 3 were consistently between Levels 1 and
2. Level 1 depended more upon the evaluator's familiarity with a wide
range of landscapes than Levels 2 and 3 (and is therefore more susceptible
to bias). Therefore, it appears that Level 3 could be used alone in the
assessment of visual impact. The Visual Quality Evaluation Questionnaire:
(Appendix B) could thus be shortened to include only those questions perti-
nent to Level 3. However, further testing and cbmparison between the
approaches are necessary.

Level 1 - Pre-evaluation Measurement: This approach allows the evalu-

ator to directly record his immediate visual response to the viewscape,
rating its visual quality from 1 (very high visual quality) to 100 (very
Tow visual quality) through Item A of the questionnaire. Consideration is
given to the degrée of viewscape is distinctive, memorable, stimulating,
and overall visually harmonious. Level 1 requires that the evaluator be
familiar with a wide range of landscapes and is considerably less specific
in its requirements than Levels 2 and 3. Since it does not force the
evaluator to objectively analyze the visual attributes of the elements
which comprise the viewscape, Level 1 is more susceptible to bias than
Levels 2 or 3.

Level 2 - Overall Visual Attribute Measurement: In this approach,
the evaluator's responses to the intactness, vividness, and unity of the
overall viewscape are combined into a total visual quality rating for the
viewscape. With the questionnaire, the evaluator is given definitions and
illustrations of the concepts of intactness, vividness, and unity. The
before and after viewscape ratings thus recorded may be combined by use of

the formula:

VvQ =1/3 (I +V + U)
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where:

VQ = Visual quality of the viewscape
I = Intactness from Questfon B.1(a)
V = Vividness from Question C.1
U = Unity, as averaged from Questions D.1 and D.2; i.e.,
_D.1T +D.2
U =

Of the three measurement levels, special-competence group scores derived
from Level 2 did not agree closely with scores from Levels 1 and 3. This
measurement level may therefore prove to be the least representative of
visual impact.

Level 3 - Elemental Visual Attribute Measurement: This approach com-
bines the evaluator's responses to the intactness, vividness, and importance
of each major element of the viewscape with that of unity into a total
visual quality rating for the viewscape. Level 3 may be seen to vary from
Level 2 in its application of two visual quality attributes (intactness
and vividness) to each major viewscape element instead of to the overall
viewscape. This is accomplished by graphically subdividing the viewscape
into its major elements of sky, landform, vegetation, waterform, and man-
made elements and rating each individually rather than collectively. Also,
the visual imbortance score for each major viewscape element is required
to put the elements into proper context with each other. These scores
are then numerically combined by use of the formula:

VQ = 1/3 (1 +V + )

where:

vQ

Visual quality of the viewscape

Summation of the intactness scores for each major'e1ement _
(from Question B.2) individually multiplied by the importance

— 1
1]

AThe Questions referred to in this section are included in Appendix B.
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scores for each major element (from Question E), divided
by the summation of the importance scores of each major
element, i.e.,

= Iy (IMPA) + IB(IMPB) + IC(IMPC) + ...+ IZ(IMPZ)

I =
IMPA + IMPB + IMPC + ...t IMPZ

Where the subscripts A, B, C, etc., represent each major viewscape element

jidentified in Question B.2.

Similarly: V = summation of the vividness scores for each major element
(from Question C.2) individually multiplied by the impor-
tance scores for each major element (from Question E),
divided by the summation of the importance scores of each

major element, i.e.,

i VA(IMPA) + VB(IMPB) + VC(IMPC) + ... 1 VZ(IMP)Z

v
TP, + TMP, ¥ TNP_ + ... + 1P,

Where the subscripts A, B, C, etc. represent each major viewscape element
identified in Question C.2; and

U = Unity as averaged from Question D.1 and D.2.

Level 3 appears to be the most reliable of the three measurement
levels presented, judging from the special-competence group analyses of
three viewscapes. Although further testing is required for statistical
verification, an unbiased evaluation of visual quality may prove to be
most accurately undertaken through Level 3, the elemental visual attribute
measurement.

Intactness Evaluation

The intactness of a viewscape is a measure of its apparent degree of
natural condition as judged by its level of urbanization and the degree
to which encroachment is present. Level of urbanization is a measure of
the presence of man-made development in the viewscape. Degree of en-
croachment is a measure of the presence or absence of undesirab]e,
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visually disturbing elements in the viewscape. Encroachment includes such
visual disturbances as: garbage heaps, junk yards, trash and/or litter,
confusing and inharmonious signs and billboards, mazes of overhead wires,
the sources or visual results of air or water pollution, as well as the
apparent level of man's physical alteration or visual obscurity of sky,
land, or waterforms, as by strip mining, clear cutting, road cuts/fills,
wetland or shoreline filling or alterations, diking, riprapping or culvert-
ing of streams or rivers, or visual intrusions and unhealed scars in the
viewscape.

Overall intactness will be the only factor scored on the question-
naire. This is a combination of level of urbanization and degree of
encroachment. It should be apparent that one viewscape may display a very
high degree of man-made development with very little visual disturbance
(as in a well-designed, carefully maintained urban setting), while another
may disp1ay a very high degree of visual disturbance and alteration with
little apparent man-made development (as in a forested area recently
devastated by fire). Hence, it is important to gauge the intensity of
development along with the severity of visual disturbance and alteration
when measuring the overall intactness of a viewscape.

In general, overall intactness is likely to be scored somewhere
between the scores for level of urbanization and degree of encroachment.
Seven levels of overall intactness are to be distinguished when scoring
this category:

Very highly intact

Highly intact/little alteration

Moderately highly intact/moderately little alteration
Moderately intact/moderately altered

. Moderately low intactness/moderately highly altered
Low intactness/highly altered

~N o s W N~

Very low intactness/very highly altered.

Vividness Evaluation

Vividness is the memorability of the visual impression received from
the viewscape or its elements. Vividness relates to the level of distinc-
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tion or prominencé resulting from contrast or mutual accentuation of
diverse viewscape elements. In scoring the overall vividness of the before
and after viewscape or its elements, eight complementary effects should be
considered: 1) definition of viewscape boundary, 2) diversity of spatial
enclosure, 3) degree of topographic relief, 4) diversity of vegetative
pattern, 5) prominence of natural features, 6) prominence of waterforms,

7) vividness of sky, and 8) vividness of man-made elements. (See
Litton(40)(29)f0r further discussion of Items 1 - 6. All items are treated
in detail in the Siting Study.) Vividness in the viewscape should be

rated on the following scale, before and after the facility is introduced:

Very highly vivid

Highly vivid

Moderately highly vivid
Moderately vivid
Moderately Tow vividness
Low vividness

~N Oy Ol Ny~

Very low vividness.

Unity Evaluation

Unity is the degree to which individual elements in the viewscape join
together to form a single, coherent, harmonious visual unit. Unity does
not require similarity or blandness of interrelated elements; rather, it
may depend on an organized balance between visually dominant and sub-
ordinate viewscape elements. Vividness depends upon visual contrasts and
distinction between diverse viewscape elements, while unity quantifies
their visual coherence and compositional integrity. A viewscape of high
visual quality is often likely to possess richness and diversity, making
it highly vivid, while at the same time possessing a high degree of visual
unity. ‘

The overall unity of viewscape elements may be distinguished at
seven levels: |

1. Very high
2. High
3. Moderately high
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Moderate

4
5. Moderately low
6. Low

7

Very low.

Overall unity and the unity between man-made and natural elements are not
necessarily the same as the level of urbanization or degree of encroach-
ment, which together comprise viewscape intactness. Intactness is the
relative degree of natural condition of the viewscape, while unity is
indifferent to the degree of natural condition and is only concerned with
visual integration of the viewscape composition. The degree of unity

between man-made and natural elements in the viewscape may also be distinguished
at the same seven levels.

Elemental Visual Importance Evaluation

The-visual importance of an element in the viewscape is an evaluative
rating of its level of visual contribution to the overall viewscape. Visual
importance may be related to size, number, singularity, contrast or position.
The element of highest visual importance in a viewscape is the one which,
if removed from the viewscape (or severely altered), would change the view-
scape to the greatest degree. Using this simple guideline, each "after"
viewscape element may be assigned a score for visual importance based on
the same seven-level scale ranging from very high to very low.

E. DETERMINATION OF VISUAL IMPACT

Parameters have been given to determine population visual contact and
to select representative viewpoints of the proposed facility location by
analysis of the facility's viewshed. Questionnaire scoring criteria have
been given to evaluate the visual quality of the viewscape from each repre-
sentative viewpoint before and after the facility is introduced. This
section describes the final determination of visual impact using the results
of the questionnaire.

Visual Quality - Summation of Measurement Levels

Scores for visual quality obtained from the three measurement levels
(Pre-evaluation, Overall Visual Attribute and Elemental Visual Attribute
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Measurements) forvbefore and after viewscépes of each site-facility combina-
tion should be compared. Where close agreement exists, the three scores
could be averaged for visual quality before and after. Since the scores
from the three levels may not be in basic agreement, it may be necessary

to depend solely on scores derived from Level 3, because these appear to

be the most reliable and indicative of visual quality. For purposes of
comparison and scaling, visual quality scores obtained from measurement
Levels 2 and 3 must be converted from a 1 to 7 scale to a scale from 1

to 100.

Ratio of Change in Visual Quality

The change in visual quality (Delta VQ) of a viewscape before (VQb)
and after (VQa) the facility is introduced is the difference between these
two scores:

Delta VQ = VQa - VQb

In order to record the severity of change relative to original visual
quality, it is not adequate to merely express the difference in visual
quality before and after the facility is introduced. For example, a
facility to be constructed on a pristine lake shore might change a view-
scapes's visual quality score from 10 to 26; the same facility, built on

a semi-developed lakeshore, might change the visual quality score from 20
to 36; while if constructed at a more intensively developed lake site, the
change in a viewscape's visual quality score might be from 40 to 56.
Although the numerical change in visual quality would be a 16 point Toss
in each case, no acknowledgement of the relative degree of original visual
quality of each site is expressed by these scores. However, through the
use of ratio, an expression of the relative degree of original visual
quality can be retained. This ratio, called. the Ratio of Change in Visual
Quality (R), is represented as:

R = VQa - VQb = DELTA VQ
Vb Vgb
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The value of R will vary according to the relative severity of change 1in
visual quality. If there is no change, R will equal zero. In the three
lake site examples given above, the ratio of change would be expressed as:

26 - 10

‘R = 5 - 1.60 Pristine lakeshore site, 16-point loss of
visual quality.
R = ég%i%2¥1 = 0.72 Semi-developed lakeshore site, 14-point Toss
of visual quality.
_ b6 - 40 _ . . .
R = 5 - 0.36 Intensively-developed lakeshore site, 12-point

loss of visual quality.

The use of R rather than Delta VQ implies that a 16 point decrease in
visual quality at a pristine site is less desirable than a 16 point Toss
at a developed site. Use of R thus reflects a conservation outlook; i.e.,
that unique visual resources should be preserved. One could also adopt
the view that equivalent decreases in visual quality have the same impact
regardless of the original visual quality. In this case, Delta VQ should
be used. In making the final route selection, R can either be used directly
or converted to a 0-100 scale as shown in Table 1.

Total Visual Impact Determination

Visual impact is partially a function of the number of people who are
present (or may be present in the future) to view the landscape alteration
from the surrounding viewshed and partially a measure of the Tloss or
destruction of scarce and fragile visual resources present at the site
itself. In order to compare visual impacts of various transmission alter-
natives, it is necessary to compare the ratios of change in visual quality
(designated as R) from representative viewpoints of each alternative,
multiplied by some factor which accounts for the different'viewing populations
at each viewpoint (designated as P). By considering the products of P x R
for the visual impacts encountered at each viewscape evaluated, as well as

“the number of critical high-impact zones and the scarcity of the visual
resources threatened, visual impacts of each alternative route may be
compared. '
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To i]]ustrate'this method, Table 6 displays a tabulated comparison
between two theoretical nuclear power plant site alternatives. Visual
quality scores for before and after would be those derived by averaging
scores from the three measurement levels (or solely derived from Level 3)
after all were placed on a scale from 1 to 100. The ratio of change in
visual quality is derived by subtracting VQb from VQa and dividing the
difference by VQb. Instead of multiplying the ratio of change in visual
quality by the total population visual contacts per year, the seventh root
of visual contact per year is used (arbitrarily) to reduce the size of the
product of R x P. Table 7 displays the analyses of these viewscapes (before)
into which a nuclear power plant was introduced (after) by a special group
of design and planning professionals. For further discussion and explanation,
the reader is urged to see the Siting Study.(g)

F. EXAMPLE OF METHOD APPLICATION

In the visual impact analysis for a sample case such as that described
in Chapter IV(G), the following steps would be carried out to quantify the
aesthetic criterion.

Step 1: Prepare four overlay data maps, each shaded or colored to display:

a) Landscape classification and transmission visual compatibility
values

b) Scarce and fragile visual resource values
c) Viewer sensitivity values
d) Mitigation potential and future land use values

Step 2: Combine the above maps and integrate the data on a single map
to aid in route corridor selection and to identify zones of potentially
high visual impact. Select representative viewpoinfs within each
-high-impact zone for more detailed visual impact evaluation, photo-
graph these views and prepare sets of 5" by 14" panoramic color photos
to visually represent "before" and "after" viewing appearance for
each selected view.
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TABLE 6. Comparison of Visual Impacts Between Tw? yheoretical
Alternative Nuclear Power Plant Sitings(9
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A 0.5 20 45 1.25 2,000,000 8 10.0
B 1 25 50 1.00 4,000,000 8.7 8.7
C 1.5 30 50 0.67 3,000,000 8.4 5.6
D 2 20 50 1.50 8,000,000 9.7 14.6
E 2 45 60 0.33 500,000 6.6 2.2
F 3 60 70 0.16 10,000,000 10 1.6
G 4 40 60 0.50 2,000,000 8 4.0
H 5.5 35 50 0.43 4,000,000 8.7 3.7
Average Visual Impact, Alternative 1 6.3
A' 0.5 30 60 1.00 500,000 6.6 6.6
B 1 25 40 0.60 5,000,000 9.1 5.5
c' 2 45 55 0.22 8,000,000 9.7 2.1
D' 2.5 40 60 0.50 400,000 6.3 3.2
E' 3 20 45 1.25 10,000,000 10 12.5
F' 3.5 15 35 1.33 8,000,000 9.7 12.9
G' 4 20 35 0.75 7,000,000 9.5 7.1
H' 5 35 55 0.57 10,000,000 10 5.7
Average Visual Impact, Alternative 2 7.
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TABLE 7. Analyses of Three Viewscages by
Special-Competence Group(9)

Visual Quality Ratio of
Viewscape A Before After Visual Change
Pre-Evaluation Measurement 32 63 0.96
Overall Visual Attribute 38 62 0.63
Elemental Visual Attribute 34 65 0.91
Average of Measurement Levels 35 63 0.80
Visual Quality Ratio of
Viewscape B Before After Visual Change
Pre-Evaluation Measurement 39 60 0.53
Overall Visual Attribute 46 55 0.20
Elemental Visual Attribute 35 51 0.45
Average of Measurement Levels 40 55 0.37
Visual Quality Ratio of
Viewscape C Before After Visual Change
Pre-Evaluation Measurement 25 48 0.92
Overall Visual Attribute 35 47 0.34
Elemental Visual Attribute 29 47 0.62
Average of Measurement Levels 30 47 0.56
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Step 3: Select a pahe] of at least five evaluators, which may include
one member with a professional design background, the balance to be
selected from the general public. A series of pretest screening
exercises could be given to a Targer group to help select evaluators
based on interest and ability to respend objectively and accurately
within the questionnaire format, and which would also help to normalize
responses within the rating scale used.

Step 4: Conduct the visual quality evaluation, with the panel viewing
"before" and "after" photos of each view, objectively scaling their
responses on a questionnaire (Appendix B) as to the vividness,
intactness, and unity of the views represented.

Step 5: Calculate the ratio of change in visual quality for each view-
point, and multiply this ratio of change by a factor representing
the number of viewer contacts per year at each viewpoint. (See Table
7 for a related power plant siting example.) Compare the visual
impacts of each route as a function of the frequency and relative
severity of negative visual impacts and the scarcity of the land-
scapes affected.
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VI. MEASURING THE SOCIAL COSTS OF TRANSMISSION TOWER LINES:
A PROPERTY VALUE APPROACH

This chapter addresses the possibility that the social costs of trans-
mission tower lines in suburban areas are reflected in property value
changes; If the social costs can be measured by a study of changes in
property value, they can be added to the direct construction costs to yield
the total economic impact of transmission lines. The existing literature
on this subject is weak in that there is little by way of an underlying
theoretical model, and the empirical analyses have been superficial.
Accordingly, the consistency of the findings—that transmission tower lines
(TTL) exert no negative effects on land values—are not persuasive. More-
over, the general issue of the relationship between TTL land value effects
and the overall social costs of TTL has been virtually untouched in the
literature.

The intent of this chapter is to see what might be learned from previ-
ous studies of measuring the "costs" of TTL in other Tlocations and to
determine the extent to which the basic approach, empirical analysis, etc.
is transferable. Specifically, the theoretical conditions underlying such
a property value capitalization thesis are discussed and the applicability
of various empirical approaches to measuring this capitalization is examined.
This will be done in a context of reviewing a small part of the substantial
literature which has been directed to the land/property value effects of
public investments such as airports, air pollution abatement, recreation
facilities, highways, public housing projects, infrastructure improvements,
and flood control projects

This chapter also presents a brief critique of the transmission tower
line literature and suggestions for researching the issue. The latter
includes description of a brief study approach. Note that this chapter
refers to the apb]icabi]ity of the general property value literature to the
TTL problem.

The scope of this analysis is limited in several ways. First, only a
small fraction of the vast literature on land values and public investment
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location choices is reviewed. There is considerably more to be learned
from a thorough review of these studies, and such review clearly should
precede a major fesearch effort on this question. Second, this review of
the TTL-property value Titerature is’'similarly limited. Finally, only the
effects of TTL in suburban areas are considered, with passing mention of
the urban and rural land value effects.

A. THE UNDERLYING THEORY AND THE TTL PROBLEM

The basic difficulty with measuring the benefits (costs) of public
investments or of alternative public investment location decisions is the
absence of a market which permits estimation of the willingness of individ-
uals to pay for public improvements. In the TTL case, the analogous prob-
lem is the absence of a market where consumers might reveal their willing-
ness to pay to be near TTL, or their required compensation for being near
TTL. Consequently, it is necessary to define a proxy market wherein
preferences for these facilities are revealed. The residential land market
seems to fit this need for many types of public activities, including TTL.

In general, the use of the housing market as a proxy for the x (TTL)
market,® implies the possibility that the demand characteristics in the

x market, including consumer surp1us,b

are transferred to the housing
market. There are serious problems with assuming such transferability.
Conceptually, it requires the argument that the land market is not charac-
terized by imperfections which make it no better for these purposes than
the x market. It is clear, however, that there are imperfections in the

land market. Land is not generally homogeneous, knowledge and mobility

aThe term "x market" refers to the type of public activity in question,
e.g. the voter market, the pollution market, etc.
Consumer surplus is the price which a person would be willing to pay for
a thing rather than go without it; hence the satisfaction which he derives
from its purchase generally exceeds that which he gives up in paying its
price. He thus derives from the purchase a surplus of satisfaction. The
excess of the price which he would be willing to pay rather than go without
the thing, over that which he actually does pay, is the economic measure
of this surplus satisfaction. An example of consumer surplus is the
difference between the market value of a house, and the value which the
owner places on the house, i.e., the amount it would take to induce him to
sell.
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are not perfect, and buyers and sellers may not be numerous. It is
possible, on the other hand, that disaggregation of the land markets

into sub-markets (for residences, for business, for single family homes,
for certain areas of the city) may increase the homogeneity of land and
market knowledge to a point where the market might be relatively free of
imperfections. In general, most studies have taken the position that the
major imperfections, if they cannot be overcome for these purposes, can at
least be taken into account in terms of estimates of their effects on the
results of the analysis.

A General Model

It is worthwhile to develop the general theoretical framework for the
land value effects of a public investment before turning to the specifics
of the TTL problem. The general model presented here is for a public
investment in a water supply project as developed by Bahl, Coelen, and
Warford.(]’z) The discussion is easily recast in terms of pollution abate-
ment, a recreation area, or any one of a number of benefit-generating
public investments. The following section will show how the TTL problem
generally fits this theoretical framework and underlines the specific
problems raised.

Consider the use of land value increments as a general indicator of
the benefits derived from, for example, replacing a well water-septic tank
system with a piped water and sewerage system. The basic assumption here
is that supplying piped water (sewerage) to a home will raise its market
value and that the increase will correspond to the present worth of the
consumers' surplus that is expected to be derived from purchases in the
water market. Assuming perfect rationality, a person would be willing to
pay only an additional $100 for a house because it had water facilities,
if the difference between the present worth of the utility he gets from
the water and the present worth of the amount he expects to pay for the
water (that is, the consumer surplus) equals $100. If the amount that he
expects to pay for water exactly corresponds to the benefits he personally
derives from it, there is no reason to expect him to bid up the price of
the house. Clearly, the area under the demand curve for property must
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increase by whatever amount the consumer surplus in the water market
increases. This is given by the traditional concept that the area under
a demand curve for a good describes the willingness to pay.

The question that is now faced is whether increasing values in the
property market correctly capture the effects of the demand shift. That
is, it is assumed that the increased consumer surplus area in the water
market is "transferred" into an equivalent shift in area under the prop-
erty market demand curve. We would like to determine whether expenditures
on property also increase by this common amount. If they do, then the
observations on property sales may identify for us the extent to which
water benefits are undervalued by revenues derived from water sales.

Theoretical Framework

A simple and familiar model suggests that there are, at least, certain
assumptions under which benefits and increased expenditures on property are
equal. Consider the case where the consumer surplus in the property market
remains constant so that the following algebraic model is illustrative of
full capitalization. In an area receiving new water supply (the project
area), the housing demand function (before the project) is written generally

as:

aq = 9(ay) (1)
and, again, for simplicity the housing supply is a constant:

4 = K (2)
It follows that the market equilibrium price can be derived as:

Po = 1 [9(ay).k]. ~ (3)
A measure of consumer surplus is:

¢ = [,/Xa(aq)] - pek- (4)

The effect of a water supply project providing each house with water
can be shown through a shift in the demand curve from its initial position.
For the same fixed quantity of housing, residents would now be willing to
pay a higher rent--the demand curve has shifted upward. Assume that the
new demand is:
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aq = hlay)- (5)

Consumers' surplus is now measured

¢’ = [on(ag)] - b’ (6)
wher‘e»pe‘I is defined:

Pe' = fplhlay).kI. (7)
The increase in consumer surplus between the two periods (Ac) is:

ac = c' - c= [f9ay)] - 'K - (L Mnla))] - pok? (8)

ac = [Xg(ay) - nay)] - apk

where Ape = Pg' ~ Pg-
The increase in net benefits (AB) of the water project to residents of the
area is equal to the increase in price times the quantity supplied (Apek)

plus any increase in consumer surplus; that is,

k
8B = tpok + 6C = [ /9(ay) - /n(ay)] - spck + Ap.k (9)
k k
[,/ 9(ay) - /(g )] (10)
If the shift in the housing demand function is such that AC is zero,
that is, consumer surplus remains constant, then from (8):

AB

8¢ = [r%9(ay) - Shla)] - apk = 0 (1)

Mgk = [f¥9(ag) - ¥hlay)] o (12)
and from (10): ‘

Apok = AB. (13)

If the assumptions behind this simple model are valid, then the benefits

of a water supply project will be fully measured in two steps. The first
is revenues derived directly through sales in the water market. The second
is a measure of the transferred consumer surplus, from water to property
markets, and is defined by Equation (13). Their sum gives an unbiased
measure of project benefits. In Equation (13), AB is proportional to the
increase in house prices, where the constant of proportionality is the
stock of housing. If Equation (11) does not hold, then there is both a
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change in housing prices and a change in consumer surplus and the net bene-
fits of the project are measured as in Equation (10).

Required Demand and Supply Conditions

Since the total increase in benefits must be equal to the sum of the
price increase and any increase in consumer surplus, a number of conditions
must be present for the land value increment to exhaust totally the benefit
increment. The first is that the slope of the demand curve for housing
in the project area does not change, and a second is that the supply curve
is perfectly inelastic. Consider the implications of these assumptions.
First, if the demand schedule for housing in the project area changes, one
would expect it to become relatively more inelastic—there are fewer good
substitutes now that the house has piped-in water. Thus, it would take a
greater price increase to bid an individual away from a house with water
than it would when the same house did not have public water supply. The
implications of such a change in the slope of the demand schedule are that
consumer surplus will increase; that is, the difference between the individ-
ual's and the market's valuation of the property will increase. This
would mean that the sum of revenues from water sales and the property
value increment due to a new water supply underestimates the true benefits
of a water project. The unmeasured benefits are a return to labor—the
consumer--since it is only he who can gain from the consumer surplus as he
lives on the property.

For the supply conditions, it is possible that a perfectly inelastic
supply is unrealistic. Some elasticity to supply would imply that, as the
price of properties in the affected area is bid up, property owners in the
area would be induced to offer a greater amount of housing, and ceteris
paribus, causing land value increments to understate the increase in net
benefits. More specifically, with any supply elasticity, the increase in
demand (regardless of how the slope of the demand schedule changes) will
be accompanied by an increase in total consumer surplus. Whether average
consumer surplus, that is, the average return to a typical consumer,
increases is not quite so clear. Similarly, a supply curve having less
than perfect elasticity will result in an increase in producers' surplus,
and hence a return to capital.
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If either the supply or demand conditions in this simple framework
are violated, it is quite likely that the sum of land value increments
and revenue from water sales will be an inaccurate measure of true benefits
of a water supply. The two measures together, however, will necessarily
be more accurate than water sales revenue alone, and, on the basis of the
arguments presented above, the error is likely to be on the conservative
side.

The TTL Problem

Attention is now turned to the question of how this general model fits
the TTL problem, to the kinds of special problems which arise, and how
they may be dealt with. The appropriate framework is complicated because
two possibilities must be considered: 1) the TTL are installed after the
homes are built and purchased, 2) the TTL are installed before subdivision.
In either case, the land value effect argument would seem valid. If the

a

subdivision is already occupied, the affected residents incur a cost equiva-
lent to the sum of the decline in property value and the loss in consumer
surplus. If the right-of-way is purchased before subdivision, the problem
is one of placing an estimate on the probable magnitude of these losses.

Thus, the eventual consumer incurs neither benefits nor costs, since
he has full knowledge of the TTL and this is reflected in the price which
he bids for the property.b The difference between the two cases is subtle
and is primarily important in terms of "cost" measurement. The thesis is
that a property located adjacent to TTL will be subject to two effects:

a visual annoyance or nuisance effect which will tend to depress property
value, and a space or privacy effect which will tend to inflate property

value. The research question addressed here is whether or not there is a
net negative effect on property values.

aThroughout this analysis, only the suburban case 1s considered, to the
neglect of the urban and rural case.

bThis point should be studied further in the course of a larger research
project.
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The connection between the TTL installation and land value changes
may be shown through a backward shift in the demand curve in the property
market, i.e., the result of a TTL installation is that the same property
is demanded at a lower price. Assume a linear demand curve,® (AD), a
perfectly inelastic supply curve (S), i.e., a fixed supply of housing,
and assume that the market for property and the backward shift in the
property demand curve look as pictured in Figure 3. The area PEBqEO is
the expenditure on properties before the TTL installation and the total
valuation placed on these properties is given as ABqEO. Consumers' surplus
is ABPE = ABqEO - PEBqEO, the difference between the total valuation of the
property and the market valuation.

Assume that, after the TTL, there is a reduction in demand for
affected properties to A“D”. The Area, A“B”BA, is, by definition, equiva-
lent to the decrease in total valuation. The problem then becomes one of
showing only that consumer surplus (A“B”BA) has not changed and that total
benefits are equivalent to the increase in expenditures on the property,

b
i.e., to PEBB PE

The important implication of this demonstration is that for a case
where the demand curve shift is parallel, where the supply is perfectly
inelastic and where there are no externalities, the change in expenditures

dThough linearity is assumed for ease of presentation, the general case
is easily inferred, as demonstrated above.
bThe increase in expenditures is determined by AP.qgp (since qp is constant).
AP is the change in equilibrium: AP = Pg - PE- The total cﬁange in
expenditures is given by the area of PgPEBBY It is necessary to show
that PEPEBB” is equivalent to A“B"BA. From the simplest theorems of plane
geometry, it can be shown that © = 67 B"Pf = BPg, and the intersections
of BPF and B“PE with OA and OA” respective]y are right angles. These are
sufficient conditions to guarantee that the areas A"B°Pf and ABPg are
equal. Construction was made so that A“BBPg - A"B”PE = B“BPgPg
is evident that A“B“BPf - ABPg = A“B“BA by construction. F1na1§y, by the
equa11ty between A“B”PE and ABPp, the required result that B“BPgPf =
A“B”BA is guaranteed.
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FIGURE 3. Reduction in Demand for Property Inspected by a TTL

on land values fully measures the costs of the TTL installation. If these
conditions are not met, the "cost" estimation must include some valuation
of consumer surplus loss and external disbenefits.

Whether this general model fits the TTL case would seem to depend on
the appropriateness of the following required assumptions:

1. the demand curve shift is parallel;
the supply of property is perfectly inelastic;

homeowners are perfectly mobile;

SHw N

no externalities are generated; and

5. there are not offsetting property value effects outside the area
adjacent to the TTL.
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Given the scope of this analysis, we can only speculate about these assump-
tions. In general, the model seems more appropriate to the TTL case than
to many cases where the traditional land value model has been applied,
though some adjustments in the model would seem necessary.

The first assumption, the parallel shift in the demand curve, is
required to assure that no change in consumer surplus occurs as a result
of the TTL installation.? '
made. Consider, for example, the effects of a water pollution project on

In certain cases, this assumption is not easily

the value of lakeside property. For certain individuals, (e.g., water
sports enthusiasts), it is conceivable that the difference between the
market's evaluation of the property and their own evaluation of the
property would be greater after the project, i.e., they would now derive
more consumer surplus; the demand curve would have become relatively more
inelastic. In such a case, the increase in property value which results
from the population abatement project would tend to understate the total
increase in benefits from the project. If the slope of the demand curve
did not change in response to TTL installation, then it would seem reason-
able to assume that demand would become relatively more elastic, i.e., it
would now take less of a price increment to bid a homeowner away from his
property than it would before the installation. For example, if a person
had a strong dislike for a silver tower landscape in his backyard, his
valuation of his property may move closer to the market valuation if TTL
were installed. If such is the case, the property value method would tend
to understate the total "costs" of TTL.

The assumption that the supply of housing is perfectly inelastic seems
acceptable for the TTL case. This assumption becomes particularly bother-
some when a public investment, e.g., a sewage system, results in lower
density zoning and therefore an increase in the supply of residential prop-
erty. In such a case, the increment in total benefits from the investment

aThis assumption is of primary importance in the case where the TTL are
installed after subdivision. In the case where the property is purchased
after TTL installation, consumer surplus need not be estimated since the
lower price reflects the buyers' total valuation.
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would tend to be understated by observed increments in property values.
In the TTL case, this assumption would seem generally valid. It requires
only that all subdivision lots be placed on the market simultaneously.
There is some evidence that developers have played the role of discrimi-
nating monopolists by offering the distant lots only after the TTL-
adjacent lots were sold. This supply restriction would tend to result in
an understatement of the full property value effects.

The mobility assumption is essential to the analysis. If home-
owners are not perfectly mobile, i.e., do not have choices of different
housing without TTL, the annoyance or nuisance costs of TTL may be borne
by them and, of course, will not be observed in property transaction
amounts.. For the normal TTL suburban case where installation occurs before
subdivision, the mobility assumption seems appropriate.

This model also assumes that TTL do not generate "external" effects,
i.e., that people other than affected property owners not suffer any
disability. Two groups of people conceivably might be affected: home-
owners in the subdivision but not adjacent to TTL and passersby who find
TTL visually offensive. The model here ignores the latter. The former
effect might be captured by estimating a property value effect as a func-
tion of distance from TTL, as has been done in the case of water recreation
facilities where property value benefits decrease as distance from the

water 1ncreases.(3’4)

The "offsetting property value" assumption has caused considerable
problems in studies of this kind. For example, in the case of pollution
abatement evaluation, the argument goes that while property values in the
project area may rise because of the project, property values in areas
outside the project may fall because people will now be willing to pay less
for these properties. As a consequence, it is argued that the net benefits
of an abatement project are the difference between the property value
increase in the project area and the property value reduction outside the
project area. To argue that there is a similar difficulty in the TTL case
would require the following: that as a result of TTL, Tand values of
adjacent and abutting properties are bid down by prospective home buyers,
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whereas other properties in the area are bid up because they are not in
close proximity to the TTL. As Tong as a housing market and the in-
migration of bidders are allowed, it would seem that the offsetting prop-
erty value question is not relevant to the TTL problem. Hence, it is
ignored and it is assumed that the change in property values for affected
properties fully reflects the consequences of TTL.

In summary, the TTL problem wou]d'seem a valid application of the
land value model. Moreover, since TTL installation generally takes place
before subdivision, the sometimes thorny consumer surplus problems might
be avoided. Finally, the possibility that few external effects are
generated simplifies the measurement problems considerably.

Other Applications of the Model

The valuation of benefits/costs using land values has found wide-
spread application and has been influential with respect to public policy.
In all cases the underlying model is roughly that outlined above. The
use of this technique has been controversial--there has been considerable
disagreement over the appropriateness of the assumptions, the estimation
techniques used and the interpretation of the results.? In the following
sections a brief review of certain of these studies is given to demonstrate
the basic rationale for proposing land value effects and to summarize
roughly the results of the analyses.

Alr Pollution

There has been much interest in the possibility of using property
values to measure the damage attributable to air pollution or the benefits
to be expected from air quality improvements. The general issues sur-
rounding this part of the literature are well stated by Freeman.(7) In
theory, it would be expected that the value of property, particularly
residential property, should be influenced by the quality of the environ-
ment surrounding that property. Of particular interest is the quality of

aA particularly spirited debate centered around the use of this approach
in the measurement of the cost of airport n?ise in connection with
selection of the third London Airport site. 5,6)
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air, since in many urban areas air poliution is a major problem and con-
siderable resources may be devoted to its control. Planning for air pol-
Tution contr01 policies could be facilitated by a method for estimating the
benefits of air pollution controi.

‘Probably the best-known empirical study in this area is a case study

(8)

St. Louis. Their main conclusion is that:

by Ridker and Henning on the effect of air pollution on land values in

. . .if the sulfation levels to which any single- fam11§
dwelling unit is exposed were to drop by 0.25 mg/100cm</day,
the value of that property could be expected to rise by at
Teast $83 and more likely closer to $245. Using the latter
figure and assuming the sulfation levels are 0.25 mg, but

in no case below 0.49 mg (taken as the background level),
the total increase in property values for the St. Louis
Standard Metropolitan Statistical Area could be as much

as $82,790,000.

The Ridker-Henning model has been readapted several times for air

(9,10) A number of instructive criticisms have been

pollution studies.
leveled at the Ridker-Henning approach by other authors. These criticisms
are aimed particularly at the assumptions of inelastic supply and the

ignoring of offsetting declines in property value elsewhere.

Freeman(7) is critical of the assumptions that one might implicitly
assign to the empirical model used by Ridker and Henning. First, he
suggests that we cannot worry about whether the land value changes measure
benefits exhaustively, when we cannot even determine whether, or to what
extent, demand or supply factors are at work:

In any urban area this relationship (property value-

ajir quality) is the result of the interaction between

the availability of land with different Tevels of air

quality (supply factor) and tastes and preferences, other

prices, income, and its distribution (demand factors). For

any given set of demand factors, different supply factors

will Tead to different patterns of property values and

different regression results.

Moreover, the pollution abatement project effectively changes the
supply conditions under which the relationship between property values

and air quality was originally estimated; and he argues
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This equation only purports to explain the variation in

mean property values among observations. The air pollution
coefficient can be used to predict the difference in
property values between two properties within a system
under ceteris paribus conditions, and these conditions

must include no change in air quality over other land in

the system. But the regression equation cannot be used

to predict the general pattern of property values or changes
in the value of any given property when the pattern of air
quality over the whole urban area has changed.

Ede](]]) makes a similar criticism:
If pollution in all districts of St. Louis were reduced to
the 0.49 mg "background" level, demand for space in the
formerly most polluted neighborhoods would certainly
increase. But this increase might come at the expense
of demand in census tracts that formerly had a unique
advantage in low pollution levels. The $82,790,000
estimate assumes that demand will increase in the newly-
cleaned areas to equal demand elsewhere now, without the
balancing effect of demand reduction. It is therefore
almost certainly an overestimate.

Edel's analysis correctly points to the fact that, while the estimate
of $82,790,000 may or may not be a correct assessment of the value or
benefits of a pollution abatement project, it is doubtful if such a
change in overall property values would in fact be revealed. However,
as long as each property would increase in value by $245 if pollution
levels were reduced, it makes little difference whether the increase in
price really occurs or not. It is only the willingness to pay the addi-
tional amount that matters. Edel also concluded that the difference
between net benefits of $82,790,000 and the actual change in land values
determines the distributional effects of the investment. Thus:

Notwithstanding the error in this prediction of property

value changes, Ridker and Henning may be correct in their

estimation of an $82,790,000 value for the removal of

pollution. If the $245 that is now bid for the advan-

tage of a less-polluted house represents the average

of the values that all consumers would place on clean air,

then multiplying this by the number of households should

give the total benefit of cleaner air. The difference

between this figure and the lower change in property
values would be a consumer surplus accruing to the
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families whose housing costs fell. Total land price

changes would then be an inadequate measure of the
benefits of an air cleanup, although the comparison

of prices between polluted and non-polluted areas

would allow a measure of the benefits.

.Another way of saying this is that the extrapolation of the increase
in property values in an area that is subject to environmental improvement
to the whole area may 1) overstate the total increase in property values
for the whole area, because prices outside the project area might fall,
but 2) still be a measure of value, the reduction in values elsewhere
simply being a transfer item or redistributional effect. Strotz, however,

goes further, as outlined below.

Airport Noise

The location of airports, it is argued, produces two effects on area
residents. It raises the value of their property because of proximity,
and it creates a noise nuisance which may be seen as a "cost." Little
has been done, in a systematic way, on the former.(]z) The latter has
been studied using an approach such as that defined here. The Roskill
Commission on the Third London Airport valued aircraft noise annoyance as
the fall in house prices due to the noise. In order td estimate noise
costs, the population in "noise-affected" areas around the airport is
divided into three groups. The first are those who are "natural" movers
in that they will leave before or during the life of the airport for
reasons unconnected with the noise. When they move they are counted as
suffering a cost equal to the decline in their property values due to
noise. The second group are those who move because of the noise. These
suffer a loss equal to the decline in their house value, the removal cost
which they must incur, and a consumer surplus loss, i.e., an amount
necessary to make up for the upset of leaving the house, the neighborhood,
-perhaps a longer journey to work, a change of job, etc. The third group
are those who sfay and suffer the noise. Their loss is defined as the
sum of money which would just compensate them for the nuisance suffered
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and make them as well off as before.® This amount is assumed to be
exactly equal to‘the depreciation in property value which results from
the noise. The value of removal costs is estimated in a straightforward
way; the consumer surplus loss is estimated through survey techniques, and
the property value loss is estimated by comparing the increase in prices
of houses inside and outside the Gatwick airport noise area. The results
of this analysis are shown in Table 8; they show that the differential in
price as a percentage in house value is greater for more expensive houses
and greater in more noisy than in less noisy places. A very rough inter-
pretation of this data would suggest that the "cost" of noise varies
directly with income level.

TABLE 8. Percentage Depreciation of Property Values
Inside and Outside the 35 NNI* Contour

Class of Property 35 - 45 NNI over 45 NNI
Low Priced (mean 3,000) 4.5 10.3
Medium Priced (mean 6,000) 9.4 16.5
High Priced (mean 10,000) 16.4 29.0

*Noise and Number index.

The inference about the total cost of noise at alternative sites
for the third airport was computed on a basis of these land values,
estimated consumer surplus, estimated removal costs, and estimates about
the percent of resident population in each of the candidate areas that
would fall into each of these three population groups defined above. On
that basis, four alternative locations were compared according to resi-
dential noise costs.

This technique, used in the third London Airport study, has been

(5,6)

subject to considerable criticism. Basically, the critique centers

a1t §s interesting to note, in connection with the TTL case, that those
who move into the noisy area are assumed to suffer neither costs nor
benefits. For them, noise annoyance is offset by a lower house price.
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around the set of assumptions which were made. These include the criticism
that depreciation of house property due to noise represents marginal rather
than average annoyance and is dependent on the relative supplies of quiet
and noisy houses. It also indicates what someone will pay to escape noise
rather than what he needs to be compensated for enduring it. It is argued
that the latter amount may greatly exceed the former and, therefore, esti-
mates of the costs incurred by the third group noted above may be artifi-
cially low.

One result of the London airport study which seems to be in conformance
with other studies is that higher-income residents would appear to place
a higher value on quiet than do lower-income residents. P]essas(lz)
reports "the lTow-income groups are less likely than higher-income groups
to show distress with respect to noise; moreover, they are less politicized,

less likely to bring pressure to bear on airport authorities.” The Jamaica

(13)

Bay study suggests that these phenomena are known to airline officials,

who increasingly employ flight patterns over poorer residential neighborhoods.

It is clear that, in nearly all land value benefit studies, too little
attention has been paid to the effects of resident-income level or the
capitalization of benefits/costs into property values. Moreover, the
interpretation of what work has been done in this area may be misleading.

Recreation

A third area where benefits have been assumed capitalized to land
values is in connection with recreation and park facilities. The argument
goes that land values will tend to be bid up in response to the location of
a recreational facility, and they will be bid still higher if located
closer to the facility. Caughlin and Hammer(3) in a study of a Philadelphia
Park used a regression model to find property values (house and land) to be
6.8% higher at 40 feet from the park, 1.4% higher at 1,000 feet, and 0.6%
higher at 2,500 feet. Measurement problems associated with estimating
these gradients are substantial, and some studies haQe met with Tittle
empirical success. Weicher and Zerbst}zw in studying five parks in the
Columbus, Ohio area, use a regression model to conclude that properties
facing a park sell for 23% more than do identical properties elsewhere.
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(14)

on land values. In theory, it might be expected that schools create

Hendon has studied the interesting park-school combination effect
nuisance value for residential groups who live immediately adjacent to them.
On the other hand, in certain cases, parks may create increased residential
property values. Hendon's study was an attempt to estimate the net prop-
erty value effect of a park-school combination. Because of empirical
estimation and data problems, the results of his case study in Dallas,
Texas were indeterminate.

In general there is much fault to be found with the recreation benefits-
land value study. Most of the criticism, however, has to do with the data
used in the studies and with the specific estimation techniques. These
issues will be dealt with in the empirical methods which follow.

Transportation

In the transportation field, economists and geographers have long
attempted to value travel time to individuals by reference to property
value variations within the city. Early studies, such as that by Mohring
and Harwitz(]s) on transportation, neither looked at property value changes
as a direct benefit measure nor considered the effects of different capi-
talization rates on the model. Using Mohring and Harwitz's work as an
example, however, we can transform these studies into a style that does
explicitly treat land value changes. Further it is easy to expose implicit
assumptions that point to a rather rigid consideration of capitalization
models. Mohring and Harwitz explain observed variance in rent as a func-
tion of travel time differentials. Their treatment of the benefits of
highway investments requires that the value of time savings be totally
capitalized into land values. Their basic equation describing such bene-
fits is:

Ri - Ry = oN(T - T

i ; .)VT (14)

1

where Ri’ R. = site rents at i, j

J
N = number of trips taken to the central area

Ti’ Tj = travel time from i and j to the central area

and VT = value of travel time.
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- While, empirically, many other considerations of site attractiveness must
be entered into the equation, Equation (14) can be solved for VT’

R: - R,
J
T (15)

In this context, the benefits of a transport improvement--the value of time
saved--may be described as:

R: - R,

ATVp = AT, mprr——i (16)
oo |

where AT is the reduction in time necessary to get from i or j to the cen-
tral area.

The assumption of full capitalization of time-saving benefits into
site rents is made clearer by assuming that i and j are the same property
but i is before and j after the transportation project. The value of time
is assumed to be a constant and the net change in total time spent in
getting from the property in question to the central area is 2N(Tj - Ti)’
that is,

AT = 2N(Tj - T1). (17)
Applying (17) to (16) we can obtain time-saving benefits:
AT.VT = Ri - Rj = AR (18)

where AR is the land value increment associated with this property and due
to the transportation project. A1l benefits are reflected in this incre-
ment; that is, there is an assumption of 100% capitalization of benefits.

Flood Contro1(]6)

An interesting group of studies of agricultural flood control benefits
and land values has been conducted by the Economic Research Service (ERS)
of the United States Department of Agriéu]ture for the Army Corps of
Engineers.(Bz) These studies involved developing and testing a methodology

for using land values to estimate benefits to agricultural land from
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flood-control projects, and therefore they represent an attempt by the
Corps to consider alternative procedures for estimating one type of water
resource development benefit.

The analytical procedure adopted was the multiple-regression model to
estimate the differential land value effect resulting from the reduced
probability of flooding. 1In one of the ERS studies, the coefficients for
a regression equation involving the determinants of value were estimated
for land with no flood risk; these coefficients were then used to calculate
the full protected value of land subject to flooding. This estimate of
fully protected value permitted the calculation of a difference between
the per-acre price of land in the floodplain and the price of this land if
it were fully protected; this differential was used as the dependent vari-
able in the regression analysis. In another study following the ERS
methodology, the dependent variable was the per-acre value of the farm
without improvements. In both tests of the methodology, a large number of
variables that might be expected to influence farm land values (such as the
size of the tract, acres of cropland, and quality of the soil) were employed
as independent variables. To these variables a number of terms reflecting
the risk of flooding were added to measure the effect of flooding on land
values.

These applications or tests of the ERS methodology were made in dif-
ferent river basins. The first involved three study areas in the Wabash
River basin (upper Wabash, lower Wabash, and White River) with a consider-
able difference in the geographic character of the land. In the upper and
lower Wabash areas, after controlling for differences in productivity,
topology, location, and date of the sale, a statistically significant dif-
ferential was found in the value of land per acre associated with flood
risk between farms located on the floodplain and the upland area adjacent
to the flood plains. In the White River analysis the differential in land
values associated with flood risks could not be established. The Wabash
study only partially involved an evaluation of the benefits of a particular
flood-control project. There was also a quantification of the benefit that
might be expected if new flood-control projects were undertaken.
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The second application of the ERS methodology was for the Saint
Joseph reaches of the Missouri River. This study area contained some
levees (both public and private), a fact which enabled the study to relate
land values to an existing water development facility. Again three study
areas were employed: an unprotected floodplain area, a protected floodplain
area, and an adjacent upland area. The results of the Missouri application
generally reinforced those of the Wabash application in that statistically
significant differentials were established between differences in land
values and flood risks.

While these projects assign a dollar value to flood protection, they
do so only with a rather low level of confidence. In the Missouri River
study; it was found that the average premium for flood protection was $25
per acre but the interval necessary for a 90% level of confidence was
$0 to $50. This same sort of wide confidence interval was found in the
upper Wabash study, where the value of flood protection was estimated to
be $49 per acre, with a $14 to $84 range required for a 90% level. In the
Tower Wabash the flood protection was estimated to be $5.89 per acre per
year--with a range of $5.06 to $6.72. While these ranges are quite large
and seem to have troubled the Corps, they may not be any greater than the
ranges of the estimates of the Corps' benefits if a confidence interval
could be calculated for its estimates.

For the Wabash study it is possible to compare the ERS estimates of
benefits with independent benefit estimates made by the Corps through its
standard estimating procedure. In the upper Wabash the Corps' estimate
of benefits was $40 per acre~—reasonably close to the $49 ERS estimate
and well within the $14 to $84 range. For the lower Wabash estimate the
Corps and ERS estimates are somewhat closer ($6.81 versus $5.89), but the
Corps' estimate is slightly above the upper bound of the confidence range
of $6.72.

Thus, the ERS procedure seems to produce estimates that 1) have a
re]afive]y high standard error but 2) are within 20% or so of Corps'
estimate. '
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Other Studies

Scores of other studies of the effects of public investments on land
values have been undertaken, with wide variations in empirical results.

Nourse517) Rothenberg,(]g)

and Schafer(19) have attempted to measure the
effects of increased intensity of low-income housing on neighborhood prop-
erty values. Neither Nourse nor Schafer found any relationship between

the incidence of low-income housing and neighborhood property values.

B. THE EMPIRICAL APPROACH

There are a number of possible methods for estimating the land value
effects of public investments, or in this case, of TTL. The measurement
problem is complicated by several issues, e.g., how does one obtain ade-
quate property value data? How can the effects of "other factors" be
adjusted for? Should cross-section or time series data be used? It
should be noted that a completely satisfactory measurement technique has
yet to be developed, and, as noted above, the many different approaches
taken have yielded a substantial range of results.

The measurement problem might be divided into a) the problem of
measuring the dependent, property value variable, and b) the problem of
defining the appropriate estimating technique. This section will review
the techniques which have been used, focusing on how these two problems
have been faced in past work.

Measuring the Property Value Variable

Fouk different approaches have been taken to measuring the property
value variable—census housing value data, tax assessor's rolls on assessed
property values, judgmental appraisals by real estate agents, and actual
transactions data. A11 four have major strengths and weaknesses.

Census Data

Ridker and Henning,(8) in their study of the benefits of air pollu-
tion abatement, used the median value of owner occupied dwelling units as
reported in the decennial population census. There are some advantages
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to using census data. It is easily taken from published volumes on a
census tract basis. As Henning and Ridker point out, there are some
advantages to utilizing averages by census tracts instead of individual
observations—errors in estimating the values of individual houses tend
to cancel out; fewer explanatory variables, particularly those related to
the idiocyncrasies of individual houses and their owners, need be considered;
and the air pollution data may be accurately applied to neighborhoods. On
the other hand, there are a number of problems with using census tract
data—the values are based on homeowner estimates and consequently there
is a danger that large response errors are present; the data only cover
owner-occupied units and exclude renters; and these data are available
only every ten years. Finally, there is the problem that census data are
not presented on an individual housing unit basis and, therefore, for
certain types of problems, it would not be useful. This is particularly
true in the case of the TTL problem, where the property value data would
need to be measured for perhaps a row of houses along a block rather than
for an entire census tract. In general, the census property value infor-
mation would seem to be of little use in the TTL problem.

Assessed Property Values

A number of studies have relied on property tax assessed value as a

(14.4) Assessed values have the advantage of

measure of property value.
being available on an annual basis for individual properties. Assessed
value, however, compared to sales price, is an inferior proxy because it
may not reflect a free market expression of different individual evalu-
ations of property relative to other purchase options. At worst, it may
reflect only what the assessor feels different features of a property are
worth. In thdat sense, an analysis of property value differentials as
might occur in response to the installation of a public facility may reveal
-only the assessor's evaluation of the effect of that facility on property
values. Given the workload of assessors, their often judgmental approach
and their susceptibility to political pressures, assessed values would

seem an undesirable measure of property values for the purposes at hand.
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Real Estate Appraisals

Perhaps the least-used approach to estimating the property value
effects of certain investment types is the interviewing of real estate
agents. This approach was taken in the Third London Airport Study.
Clearly, there are disadvantages to this approach, the most important one
being that the agent's evaluation is subjective. Particularly if the
public facility in question is a re]atiVe]y new phenomenon in the area,
these judgments could result in little more than a guess. On the other
hand, the large number of real estate agents in a particular area should
be sufficient to cross-check the estimates obtained. Moreover, the basic
information available to real estate agents should provide documentation
of aéking prices, bid prices, and final sale prices.

Transaction Prices

The most common method of measuring property values is through the

use of actual sales prices.(1’2’15’19’20’21)

These data are readily avail-
able from either the tax assessor's office or the land transactions office.
Unless there is some special arrangement between buyer and seller, the
stated price generally represents the market value of the property. The
disadvantage, of course, is that such data on property values are avail-
able only for years in which transactions take place and consequently are
influenced by market conditions in that particular year. As a result, the
use of either time series or cross-section analysis requires that the

observed sales value data be adjusted to reflect these peculiarities.

Framing the Empirical Approach

Two approaches have been taken to estimating the property value
effects of a public investment. They are similar in that both compare
property values in the affected area with those in a control area. They
differ in that one uses only cross-section data while the other uses pooled
cross-section and time series data.

The pure cross-section approach is straightforward in that it compares
estimated property values for a set of affected and nonaffected properties
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at a given point in time. The estimated difference in the property values
is taken as the effect of the public investment in question.

The pooled cross-section, time series technique is more complicated.
The procedure appears quite simple on the surface. Property values in the
"projéct" area are compafed with property values in a similar "control"
area over a period which includes installation of the project. The differ-
ence in property value increase observed during the relevant period is
approximately the result desired here. There are, however, two relatively
serious measurement problems to be dealt with in this context. The first
is the adjustment of the data for differences between the control and proj-
ect areas which may distort the results. The second has to do with the
development of a technique for the sheer handling of such a mass of data,
i.e., comparing control and project area property value increases when value
observations are available for individual parcels for different years in
the series. The empirical method which has been developed to deal with
these problems is presented in some detail in the next section.

The theoretical model presented above suggests that an investment will
have immediate property value effects in those areas where properties are
intrinsically changed by the investment. Such an area is called a "project"
area. In other areas where properties are not intrinsically affected by
the investment, there is no general equilibrium land value reaction to the
investment. That is, the investment in the project area has no effect on
land value in these areas. When chosen on a basis of similarity with the
project area, these nonaffected areas are designated here as "control"

areas.

The choosing of a "control" area which bears appropriate similarity
to the project, or study area, poses considerable difficulty. However,
such similarity is of great importance because of the need to cancel out as
many exogenous influences as possible without direct.adjustments in the
model. With respect to the objectives here, the similarity sought has to
do with the mean and variance of variables such as housing and population
density, income, age and value of housing, ethnic mix, and location within
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the metropolitan area. Choosing areas with these similarities should avoid
direct analysis of many of the basic factors affecting land value growth.
The control area is expected to react identically (to the project area) in
response to any change other than the investment itself. The control area
information generally lends itself as a correction for Tong- and short-run
secular and cyclical trends in the project area data, i.e., except for
periods when the project area has been 1hf1uenced by the investment, the
project and control areas should have identical time trends in property
values. During the periods when the investment affects property values,
the time trends on project and control area property values diverge. It
is this divergence which we wish to measure.

C. ALTERNATIVE ESTIMATION MODELS

The following descriptions illustrate the range of possibilities for
statistical analysis: 1) a naive analysis, 2) a pure cross-section study,
3) a pooled cross-section time series analysis, and 4) a recreation bene-
fits analysis where land value effects are measured in terms of distance
from the recreation facility.

The Naive Approach

A naive approach, as used here, will refer to an analysis which deals
with the problem on an intuitive basis and which does not present either
the theoretical underpinnings of the analysis or attempt to resolve the
more difficult empirical problems.

An example of a naive analysis may be drawn from the study of the
effects of TTL on property values in Montergomery, Prince George, and

Howard Counties, Mary]and.(zz)

The approach taken in this study is intui-
tive and straightforward. In each of nine subdivisions, properties were
divided into those adjacent to the transmission facilities and those not
adjacent. The latter are taken as the control properties. In smaller
subdivisions, all of the properties were included in the analysis. 1In
larger subdivisions, a sample of comparable properties, two to four times

the number of lots adjacent to the right-of-way were chosen as the control
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area. Al1 sales records for each property in the sample were then compiled,
with state and federal revenue stamps used to determine total consideration
of each sale.

While the researchers were apparently careful in their attempt to
select comparable control areas, at least two serious problems remain with
the analysis. One is that no attempt is made to adjust the percent prop-
erty value increase between sales for the year in which the sale took
place. Clearly, changes in the general economy and in the housing market
in particular would suggest that, for example, a four percent annual
increase between 1951 and 1955 and four percent annual increase between
1961 and 1965 may not be comparable figures. The second and perhaps more
important problem with this analysis is that the observed differences in
the property value increase between adjacent and nonadjacent properties
were never tested for significance. Since there is a substantial variation
in the observed rates of property value increase, it would have been useful
to determine whether the differences between adjacent and other properties,
observed in mean value increase, are in fact statistically significant.

A Cross-Section Approach

(8)

A good example of the cross-section approach is the Henning-Ridker
air pollution study. They attempt to measure the effects of different
levels of air pollution on housing values. For pollution, they use a
measure of sulfation level which is an index indicating the presence of
502, 503, HZS’ HZSO4, and in some instances dustfall. They include a num-
ber of other independent variables to adjust for other population and
housing characteristics. The results of their regressions on data for
167 census tracts are presented here in Table 9. From the equation pre-
sented in Table 9, it may be estimated that a drop in the sulfation level
of 0.25mg/100cm2/day would increase property values by $245.

A Pooled Cross-Section, Time Series Approach

Another approach would compare a "project" and "control" area over a
period of time to measure the land value effects. Variants of this approach

are used in Bailey, Muth, and Nourse(23) and Bahl, Coelen and Warford.(]’z)
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The basic data used in such an analysis are recorded sales values.

. However, properties sell at irregular intervals with the result that, over
a study period of any given number of years, sales value data are available
for different properties in different years. To illustrate the prob]em,
assume that sales value data were recorded for N properties in the control
and project areas over a period of t years. It would be possible to com-
pute a rate of growth in property value between any two years, for any
property which sold between those two years. These rates of growth might
be arrayed in the following type of table:

Property .
Number Combinations of Years
rogy, rog; 3 rog; . rog,q rog2t rogt_]’t
rodio rodys rodi¢ rogss rods¢ rod9¢ 1.t
3 rogy, rog, s rogy rog, s ’ rog, v'ogt_ht
K
K+1
K+2
N rogio rog; rogdq ¢ rog,s rog,, r‘ogt_]’t

where rogy, is the compound rate of growth in property value between years
1 and 2, and rog,; the rate of growth between year 2 and the year t (the
-last year included in the study). If the first K rows in the table repre-
sent properties in the project area, if rows K+1 to N represent properties
in the control area, and if property sold every year so that every’rogij
could be calculated (i.e., every cell could be filled), the estimation
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of the property value effects of the investment would be straightforward.
That is, the difference between the average rates of growth in the project
and control areas around the "investment year" would yield the property
value effect of the investment. In practice, the fact that all properties
do not sell every year complicates the estimation process considerably.

It becomes necessary to use those data on sales values which are available
to impute values for the missing rogij} i.e., to estimate on the basis of
existing data on rates of growth in value what the rate of growth in value
would have been had each property sold every year. The comparison between
project and control area property value growth rates may then proceed
using the mixture of observed and imputed growth rates.

The total procedure requires eight steps. First, the observed rate
of growth between any 2 years when the property sold is calculated. If a
property sold in years 1, 7, and 12, of say, 20 years studied, then growth
rates in value may be computed between years 1 and 7, 1 and 12, and 7 and
12. Second, the growth rates between every combination of 2 years for
which data are available are averaged separately for the control and proj-
ect areas. For example, if five control area properties sold in both
years 2 and 5 and had annual percent growth rates in value of 4, 5, 5, 5,
and 6 respectively, then these are averaged to show a 5% growth rate for
the control area between years 2 and 5. Computed in this fashion, the
result of the second step is one rog (for the control and project areas
separately) for each pair of years in which some property sold.

The third step involves adjustment of these average growth rates for
underlying differences between the control and project éreas which may
affect the rate of growth in property values. Specifically, a linear
regression is used (separately for the project and control areas) to deter-
mine the systematic relationship between differences in observed rates of
growth in value between pairs of years and the corresponding differences
in the age of housing, the area of housing, the area of the property, and
in the extent of building activity on vacant lots. The residuals from
this regression are thought to be "clean" estimates of control and project
area differences in rates of land value growth.
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To this point, the analysis only uses data on the rate of growth
between years in which sales actually took place, and there are no observed
rates of growth for those pairs of years in which some property did not
sell. The fourth step uses those data which are available—the residuals
described above—to impute rates of growth for all possible pairs of con-
tiguous years. Since, for example, the rate of growth between years 2
and 5 is some product of the rates of growth between 2 and 3, 3 and 4, and
4 and 5, it follows that, if the growth rates between some pairs of these
years are known, the others may be calculated or statistically estimated.
This is done for every pair of contiguous years, separately for the proj-
ect and control areas. By using the rog in the first year in the study
as a base and assigning it a value of 100, every rog may be transformed
into an index number, again separately for the project and control areas.
At the end of this step there is one index number for every year in the
study. For example, if 12 years were being studied, there would be index
numbers for the rate of growth between 1 and 2, 2 and 3, 3 and 4, .......
11 and 12.

The fifth step is to determine the time trend in these index numbers
for the control area. This is done by simply regressing the rog indices

against a time dummy varijable, e.g., for the value index of year 1, the
independent variable takes on a value of one, for year 2 a value of two,
etc. In step six, this time trend is applied to the project area indices
in order to clear the project area of all cyclical and secular trends
since it is assumed that the control and project areas are subject to the
same kinds of cyclical and secular influences. Using this time trend, a
set of residuals may be calculated for the project area, each residual
being the difference between the actual project area index and the index
estimated on the basis of the control area time trends.

If the public investment has no effect on property values, the mean
of these residuals will be equal for the period before and after the
project; but if there is a property value effect, the mean residual will
be greater after the year of the investment. The seventh step involves
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measuring the difference in the mean residuals before and after the
investment year. The eighth and final step involves translating the
difference in these mean residuals into land value terms.

Steps 5 through 8 might be clarified with a hypothetical graphical
analysis. The index numbers for each contiguous-year rate of growth are
plotted for the control area as in Figure 4, the same kind of scatter
diagram for the project area indices being shown in Figure 5. For the
control area, a least-squares linear regression of the index is fitted
against the years (where 1-2 assumes a value of 1), and the resulting
equation is plotted in Figure 4. Now superimpose the control area equa-
tion on the project area scatter diagram, as in Figure 5. Calculate the
algebraic mean of the residuals in the project area before the project year
(i.e., the a values), and the algebraic mean after the project year (i.e.,
the b values). If the investment has no effect on-property values, the
project area scatter points would be distributed randomly about the con-
trol area equation both before and after the project year--there would be
no significant difference in the mean of the residuals. The graphical
example, of course, shows a positive effect on property values, i.e., the
residuals are greater after the project year.

A Recreation Model

Discussion of a recreation model would seem particularly useful here
since it estimates the property value effects as a function of distance
from the recreation facility. Estimation in the TTL problem may eventually
borrow from this approach. Examples of this technique may be found in

3) (4)

Coughlin and Hammer( and Darling.*

Coughlin and Hammer concentrate on the relationship between the bene-
fits of a recreation project and the distance from the house to the recrea-
tion area. The use which residents make of a recreational facility is
thought to be a function of the distance between the house and the facility.
Hence the facility might result in a bidding-up of property values, particu-
larly for properties closer to the recreational facility. The estimation
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in the Coughlin-Hammer model is straightforward. Property values (as
estimated from sg]es transactions) are entered as the dependent variable
with the type of house structure, the base property value (that is, the
extrapolated value when distance from the park is infinite), and distance
from the park as independent variables. The coefficient of the distance
variable in this case shows that the "rent" ranges from about $1,171

per property at 40 feet from the park to $104 per property at 2500 feet
from the park.

D. THE TTL LITERATURE

The effect of TTL on property values has been studied numerous times.
Summaries of 36 such studies are reported in the EEI Library of Economic
Studies(24)
Connecticut study.

and 42 relevant studies are cited in a 1965 University of

(25) The review presented here should be viewed as cur-

sory and as a supplement to a recent unpublished paper by Ramsey.(zs)

In general, there are two basic problems with the TTL literature on
this subject:a first, the conceptual basis for a TTL effect on land
values apparently has not been thought out and consequently, the results
obtained have not always been appropriately interpreted. Second, the
estimation methods have been very general, sometimes no more than impres-
sionistic; hence, the results obtained have sometimes been misleading.
For these reasons, it is suggested here that the overwhelming conclusion
of these studies—that TTL do not affect property valuesb——may not be valid,
and that a comprehensive study of this question is called for.

In no study reviewed was there any evidence of a model or a statement
about the assumptions required for the empirical analysis. It must be pre-
sumed that the "costs" of TTL are thought to be fully reflected in property
value differentials, i.e., there is no 1oss in consumer surplus, that the

8This quthor has only reviewed the small number of studies cited here.
The literature reviewed in the University of Connecticut study shows that

only five of th? g% studies considered found any negative impact on
property values\?2
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supply of housing is perfectly inelastic, there are no externalities, etc.
Perhaps an even more important conceptual and empirical problem in these
studies is not adjusting the model to test the possibility that the "costs"
of TTL vary directly with income level.

The University of Connecticut Study,(zs) also reported in Kinnard,(27)
is the most comprehensive work reviewed. There is no basic theoretical
model for the analysis; the general approach is intuitive; and the inter-
pretation of the results is impressionistic.a Their study of subdivisions
around Hartford, Connecticut consists of investigating the following twelve
hypotheses about the impact of TTL:

1. There is a measurable negative impact on the sales prices of
residential properties that are close to a tower line right-of-
way in comparison with the sales prices of otherwise identical
properties more distant from the right-of-way. This impact
varies inversely with the distance from the right-of-way.

2. Larger lots are generally associated with properties in
proximity to a tower line right-of-way. Therefore, lower unit
values are also encountered among these properties.

3. The financing terms under which mortgages are available to
impacted properties are less favorable to the borrower, and
mortgage financing is generally more difficult to acquire.

4. Major improvements and additions are less 1ikely to occur
on properties which are close to tower line rights-of-way,
in part because home owners believe that the investment in
these improvements will not be realized upon resale.

5. Resale of existing properties close to tower line rights-
of-way is generally more difficult than for otherwise
similar but more distant properties. This difficulty
manifests itself both in terms of reduced sales prices and
in terms of Tonger periods of exposure on the market.

6. Properties close to tower line rights-of-way generally
require a longer period of market exposure before they sell
at any price.

aThough it was stated early in the report that simple T-tests and certain
nonparametric techniques would be applied to the data, the results appeared
generally to be interpreted without the benefit of such statistical
analysis.
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7. The negative impact of proximity to tower line rights-of-way
is lessened when the area is growing rapidly, land is
scarce, and land is therefore relatively expensive.

8. The negative effect of proximity to a tower line right-of-way
increases as the width of the right-of-way itself increases.

9. The negative effect of proximity to tower line right-of-way
is more apparent among higher-priced properties than among
lower-to-middle-income properties.

10. The negative impact of proximity to tower Tine rights-of-way
is increased when the structures within the right-of-way are
not screened from the view of the adjacent residential
properties.

11. Builders generally avoid, or develop last, acreage which is
traversed or abutted by a tower line right-of-way because
fewer units may be developed in a given area, and profitability
of development is therefore decreased.

12. When subdivisions are developed, properties closest to the
tower line right-of-way are developed last, are sold more
slowly because of slower market absorption, and are generally
improved with the less-expensive units in the subdivisions.
Using both sales value data and interviews, a number of conclusions
were reached about the impact. On the one hand, the value of most residen-
tial properties is neither appreciable nor measurably affected adversely
if adjacent to or intersected by overhead electric transmission lines rights-
of-way. On the other hand, there are typically larger lot sizes for
abutted and impacted properties as well as lower assessed values. The same
sale price for properties with larger lots and with lower property assess-
ments would seem indicative of compensation for a "cost" of the TTL facility.
That is, the larger lot size and the lower assessment may be taken as an
amount necessary to compensate the home owner for 1living adjacent to the

transmission power lines.

Another important finding reached in the study is that higher income
subdivisions are more likely to show negative property values as a result
of proximity to the right-of-way. In particular, it was found substanti-
ally larger lot sizes are exhibited on lots closest to the tower
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right-of-way. Though this is far from conclusive evidence, it does not
contradict the hypothesis that the "costs" of TTL may be directly related
to income level.

Other literature on the subject seems to consist of a number of small

(22) of Maryland counties has already been

case studies. The Smith study
mentioned. The approach here is basically intuitive. As noted, there is
no conceptual framework for this study. It simply asks the question, "Do
properties adjacent to TTL facilities increase in value at a slower rate
than do similar neighborhood properties not adjacent to TTL facilities?"
The approach is straightforward: A1l properties are grouped into adjacent
and nonadjacent; all sales since 1950 are recorded and from every pair of
sales an annual percent increase is estimated; all outliers (properties
where there have been major improvements) are excluded and the average
rates of growth of adjacent and nonadjacent properties are compared. The
results are based on this simple comparison of means and are interpreted
as showing that TTL facilities have no effect on property values. No
mention is made as to whether lot sizes tend to be larger for adjacent
lots, or whether there seems to be a differential effect on Tand values
depending on income level in the subdivision.

Very similar studies carried out in another Prince George Maryland

(29)

subdivision,(zs) around Bethlehem, Pennsylvania, and in the Detroit

(30) are also interpreted as showing that TTL do not affect land values.

area
Again, these are case studies, and the statistical analysis is basically a
discussion of property value increases of various plots, adjacent to and

distant from the TTL. A case study in Danvers, Massachusetts(31)
the same impressionistic approach--shows no effect on property values,

though it does show larger lot sizes for properties adjacent to TTL.

--taking
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APPENDIX A

ENVIRONMENTAL GUIDELINES
FOR TRANSMISSION LINES

Environmental guidelines were abstracted from the following sources:

Transmission and Distribution Rights-of-Way Selection and Development,

Johnson, Johnson and Roy, for Consumers Power Company, 1970.

Environmental Guideline for Electric Transmission Lines (Above Ground),
New York State Department of Environmental Conservation, 1973.

Environmental Criteria for Electric Transmission Systems, U.S. Depart-
ment of Interior, 1970.

A Visual Analysis System to Assist in Locating Transmission Corridors,

Alan Vaughan, Ontario Hydro, 1974.

Guidelines for the Protection of Natural, Historic, Scenic and Recrea-

tional Values in the Design and Location of Rights-of-Way and Trans-

mission Facilities, U.S. Federal Power Commission, 1970.

These guidelines have been arranged to facilitate easy use and compre-

hension of their intent in a systematic manner; additional guidelines may

be included from other sources and practical experience. The guidelines

are presented in the following sections with the source for each indicated

by the number in parenthesis:

1-14 General Planning Policy
15-25 Physiography
26-43 \Vegetation
44-54 Sensitive Areas
55-63 Roads

GENERAL PLANNING POLICY

1.

Properly sited established right-of-way should be used where warranted
for the location of additions to existing transmission facilities. (2)

The joint use of electric transmission facilities and rights-of-way
by two or more utilities should be encouraged, when feasible, to
reduce the total number of transmission lines constructed and rights-
of-way taken. (2)
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A phased retirement and upgrading of existing Tower voltage transmis-
sion circuits should be required to allow construction of higher
voltage, higher capacity circuits on the existing right-of-way. There
may be exceptions where existing lines flagrantly violate landscape
values and conflict with future planned land uses. Where existing
lines in the general area of proposed new lines do violate landscape
values, consideration should be given to properly locating the pro-
posed line to allow dismantling of existing lines and reclamation of
the right-of-way, while still continuing to provide power to the
affected service areas. (2) )

The relative advantages and disadvantages of locating a new line
either contiguous to or widely separated from existing transmission
lines should be considered. Right-of-way boundaries should be so
located as to avoid creating unusable hiatus areas. (2)

Rights-of-way should be selected to preserve the natural landscape
and minimize conflict with present and planned uses of the land on
which they are to be located. (3)

Rights-of-way should avoid parks, monuments, scenic, recreation, or
historic areas. If a line must be located in or near these areas,
the feasibility of placing the line underground should be clearly
determined.  If the line must be placed overhead, it should be
located in a corridor least visible to public view. Other criteria
or conditions as necessary to minimize adverse impacts may be imposed
by the agency administering the lands involved. (3)

Where practical, rights-of-way should avoid the national historic places
listed in the National Register of Historic Places and natural land-
marks listed in the National Register of Natural Landmarks maintained
by the Secretary of the Interior, and parks, scenic, wildlife and
recreational lands, officially designated by duly constituted public
authorities. If rights-of-way must be routed through such historic
places, parks, wildlife or scenic areas, they should be located in
areas or placed in a manner so as to be least visible from areas of
public view and so far as possible in a manner designed to preserve

the character of the area. (5)

Where the transmission rights-of-way cross areas of land managed by
Government agencies, state agencies or private organizations, these
agencies should be contacted early in the planning of the transmis-
sion project to coordinate the line location with their land-use
planning and with other existing or proposed rights-of-way. (3)

Rights-of-way should avoid intensively managed timber lands, viable

agricultural crop lands, steep or unstable slopes, shelter belts,
scenic areas, Stream courses, and lakes and ponds. (2)
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10. Open expanses of water, wetlands, and marine bays, particularly those
used as flight lanes by migratory waterfowl and as heavily used cor-
ridors by other birds should be avoided. Areas of wildlife concen-
trations, such as nesting and rearing areas, and endangered species
habitat should also be avoided. (2)

11. Rights-of-way should not parallel rivers or streams and should avoid
proximity to scenic lakes, ponds and shorelines. Crossing bodies of
water should occur at low areas and be as nearly perpendicular as
possible. (1)

12. Rights-of-way should be Tocated along edges of land units to avoid
dividing land uses; this respects the integrity of each land unit
and facilitates the efficient provision of service to each conform
to existing landforms and land use patterns (field/forest edges,
parallel to gridded roads and agricultural patterns, etc). ?1)

13. Crossing near boundary areas of districts which contain sharp con-
trasts in activity patterns should be avoided. (4)

14. Alignments which require the erection of numerous angle and deadend
towers should be avoided. (4)

PHYSIOGRAPHY

Guidelines 1-5, 9, and 12, plus the following:

15. Transmission Tines should generally be Tocated parallel to the con-
tours .of the land and in conformance with the prevalent directions
or patterns of topographic features. In rough or hilly country,
alignments should change direction in keeping with the scale of the
topographic change. (1)

16. Alignments should avoid crossing hills at right angles to the con-
tours. Crossings at crests of wooded hills should retain as much
vegetation as possible to avoid a “notch" in the silhouette, and
crossings should be made at an oblique angle to the contours. (1)

17. - Rights-of-way should not cross hills and other high points at the
crests. To avoid placing a transmission tower at the crest of a
ridge or hill, space towers should be spaced below the crest or in
a saddle to carry the line over the ridge or hill. The profile of
facilities should not be silhouetted against the sky. (3)

18. Route alignments should be located along the edges of a valley (near

the foot of the valley walls) rather than centering the alignment
down the middle of a valley. (1)
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19.

20.

21.

22.

23.

24,

25.

Transmission facilities should be Tocated part way up slopes to pro-
vide a background of topography and/or natural cover where possible.
These facilities should be screened from highways and other areas

of public view to the extent possible with natural vegetation and
terrain. (3)

Long views of transmission lines parallel to existing or proposed
highways should generally be avoided. Alternative routes away from
highways should be considered. Where ridges or timber areas are
adjacent to highways or other areas of public view, overhead lines
should be placed beyond the ridges or timber areas. (3)

Long views of transmission lines perpendicular to highways, down
canyons and valleys or up ridges and hills should be avoided. The
lines should approach these areas diagonally and should cross them
at a slight diagonal. (3)

Transmission lines should cross canyons up-slope from roads which
traverse the length of the canyon. (3)

Avoid traversing west facing slopes with transmission lines. North
facing slopes present the optimal sun exposure for reducing the
visual impact of transmission lines. (4)

Access and construction roads should be located to preserve natural
beauty and minimize erosion. Road grades and alignments should
follow the contour of the land with smooth, gradual curves when pos-
sible. Commensurate with the topography, construction roads should
be Tocated for later use as maintenance access roads or to provide
access to recreational areas. Existing roads should be used to the
maximum extent possible. Agencies administering the right-of-way
lTands involved may limit access and construction roads due to certain

fragile or conservation aspects of the lands and associated
resources. (3)

When crossing a canyon or valley in a forest, high, long-span towers
should be used to keep the conductors above the trees and to minimize
the need to clear all vegetation from below the Tines. Clearing in
the canyon should be Timited to that which is necessary to string the
conductors. (3)

VEGETATION

26.

Guidelines 1-5, 9, 12, 16, 17, 19, 20 and 25, p]ué‘the following:

Clearing of natural vegetation should be limited to that material
which poses a hazard to the transmission line. Determination of a
hazard in critical areas such as park and forest lands should be a
joint endeavor of the utility company and the area manager in keeping
with the National Electric Safety Code, state or other electric
safety and reliability requirements. (3)
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27.

28.

29.

30.

31.

32.

33.

34.

Trees and brush should be cleared only when necessary to provide
electrical clearance, line reliability or suitable access and con-
struction roads for operation, maintenance, and construction.
Straight swath appearance should be avoided. (3)

Special care should be used when clearing through shelter belts,
orchards, natural stands of trees, or other special areas with high
exposure to public view which cannot be avoided. (3)

Where rights-of-way enter dense timber from a meadow or where they
cross major roadways, streams or rivers in forested areas, a screen
of natural vegetation should be retained along the right-of-way. (3)

Where 1ines cross roads or streams, the right-of-way should be left
in its natural state as far back from the road or stream as
possible. (2)

Where rights-of-way cross major highways, rivers, and marine areas,
the clearing should be done in such a way that a screen of natural
vegetation is Teft in the right-of-way on each side of the road or
river. If natural vegetation is such that a screen cannot be left,
the planting of native types of plants, Tow-growing trees, etc.
should be considered to provide screening. (3)

The forest edge should be sensitively adjusted during the right-of-
way clearance procedures so as to appear natural. The aim in presenta-
tion of existing vegetation and the replanting of vegetation should be
the achievement of a convincingly natural assymmetry that will reduce
the unnatural symmetry of the lines and towers. (1)

Where possible, right-of-way strips through sensitive forest and
timber areas should be cleared with curved, undulating boundaries.

The notched effect of a right-of-way cross section should be avoided.
Selective removal, careful topping and pruning of trees can contribute
to this. Also, trees and plants should be used to feather back the
rights-of-way from grass and shrubbery to larger trees. If the rights-
of-way are through dense areas of timber where trees are of equal
height and the right-of-way must be cleared to a straight line, the
maintenance plan should provide for ultimately reaching the above
desired results through seeding, planting and selective cutting of
native material. Consideration should be given to the establishment
of native vegetation of value as food and cover for wildlife. (3)

It may be desirable to occasionally deflect right-of-way strips
through scenic forest or timber areas. The resulting irregular pat-
terns prevent the rights-of-way from appearing as tunnels cut through
the timber. (3)
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35.

36.

37.

38.

39.

40.

41.

42.

43.

Major roadways should be crossed as near to perpendicular as possible
to allow maximum tower setbacks and right-of-way screening by vegeta-
tion. Higher long span towers can be used at road crossings to allow
for successful screening. (1)

The use of helicopters for the construction and maintenance on rights-
of-way should be considered in mountainous and scenic areas where
consistent with reliability of service. This would permit rights-of-
way to be located in more remote areas and would reduce disturbance

of the ground and the number of ac¢cess roads. (5)

Choice of conductor material should be carefully considered to avoid
sheen or too strong a silhouette and to provide the best selection
for blending the conductors into any given setting through which the
Tine must pass. (3)

Clearing and grubbing should be minimal and performed in a manner
which will protect or benefit existing natural beauty, conserve
natural resources, minimize scarring of the landscape, and prevent
degrading of streams and wetland areas. Trees, shrubs, grass and
other natural features not removed should be protected from damage
during construction. (2)

If underground transmission 1ines must be located near the crests of
hills or other high points, trenching should be done with small
equipment in order to minimize the width of the rights-of-way
clearings. (5)

The use of "brush blades” instead of dirt blades on bulldozers is
recommended in clearing operations where such use will preserve the
the cover crop of grass, low growing brush, etc. (3)

Brush and other materials cleared from the rights-of-way during
construction will not be disposed of by burning. Alternate dis-
posal methods such as sale of timber, chipping, burial, on-site
stacking, or piling of brush and tree branches for wildlife pro-
tective cover at specific locations should be employed. (2)

The time and method of clearing and grubbing rights-of-way should
consider such factors as soil stability, the protection of natural
habitat for wildlife, fish spawning seasons, silt deposition in
water courses, and stream flow. (2)

Roads used during construction should be stabilized without undue
delay by erosion control measures and the planting of appropriate
grass and other vegetation. These roads should be designed for
proper drainage, and water bars to control soil erosion should be
installed. (5)
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SENSITIVE AREAS

Guidelines 1-34, 36-43, plus the following:

44. Avoid crossing transmission 1ine corridors through well-defined
enclosed spaces. (4)

45. Avoid crossing transmission 1ines perpendicularly to a sequence of
lines of sight on a landmark. (4)

46. Towers should be located a minimum of three times the height of the
structure away from the edge of road or viewer position to better
allow the tower to be in scale with the viewer. (4)

47. 1In open agricultural areas the right-of-way should not be located
close to important local scale-giving features such as farm buildings
and vertical elements Tike windmills and silos. The comparison
between relative sizes increases the visual impact of transmission
structures. (1)

48. Where rights-of-way cross rivers and major highways, the transmis-
sion line towers should be strategically located for minimum
visibility. (3)

49. A1l rivers should be crossed underwater and towers should not be
visible from the water surface. (2)

50. Where rights-of-way cross streams or other bodies of water, the banks
should be stabilized to prevent erosion. Construction on rights-of-
way should not damage shorelines, recreational areas or fish and
wildlife habitats. (5)

51. The right-of-way alignment should be deflected a short distance from
the viewing position (road, river crossing, etc.) to limit the depth
of view along the right-of-way. (1)

52. Coloring of transmission line towers to blend with the landscape may
be desirable where they must be located in or near areas of high
scenic value. (3)

53. The materials used to construct transmission towers should harmonize
with the natural surroundings. Self-protecting bare steel is appro-
priate in many areas. Towers constructed of material other than
steel, such as concrete, aluminum, or wood, should be considered. (3)

54. The use of high strength conductors should be considered, particularly

at road, waterway and canyon or gorge crossings to pick up the Tine
sag and allow for straighter line profiles. (3)
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ROADS
Guidelines 1-6, 9, 11-38, 44-54, plus the fo]]owﬁng:

55. Where rights-of-way cross major highways, the transmission line
towers should be strategically located for minimum visibility. (3)

56. At road crossings of two or more circuits, and where only a portion
of the line is visible from the highway, the use of multiple circuit
towers may be effective in minimiZing the impact of the lines at
that point. (3)

57. Crossing should not be at high points in the road where towers would
be seen from a great distance. Instead, where possible, the highway
should be crossed between two high points, at a dip, or on a curve
in the road. (2)

58. Crossing over or near roads which have steep vertical slopes should
be avoided. (4)

59. Roads should be crossed at right angles to the motion of the
viewer. (4)

60. Crossing should not be near or over roads beside barriers (e.g.,
tunnels, underpasses, steep road cuts) which restrict or block the
viewer's vision temporarily. (4)

61. Crossing over or near objects around which a road may deviate should
b be avoided. (4)

62. Crossing should not occur near points of decision on roads (such as
controlled intersections and interchanges) where screening vegetation
and landforms are typically absent. (4)

63. When lines are adjacent to highways, guyed towers should be avoided
whenever possible. (3)

L3
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APPENDIX B

VIEWSCAPE QUESTIONNAIRE

A. PRE-EVALUATION TECHNIQUE: The overall visual quality of a view-
scape may be evaluated on a scale ranging from l_(very high visual qual-
ity) to 100 (very low visual quality) once a scale of comparison is agreed

upon, depending on the observer's immediate reaction or visual response.

Is the viewscape highly scenic--visually stimulating? Is it a moderate

or Tow visual quality, being visually dull, unstimulating and of Tow
distinction. . Or, is its visual quality very low, presenting a visual array
which is disturbing and disjointed and of 1ittle or no scenic value?
Viewscapes of the Grand Canyon, Yosemite Falls, or the Grand Tetons might
be given scores close to 1, while viewscapes of unrestored strip mines,
active landfill operations, or highly polluted wastelands might be given
scores close to 100. The evaluator should be objective and impartial in
his judgment, attempting to separate his preference or dislike of the
viewscape from a true evaluation of the visual merits or drawbacks of the
viewscape. Rate the visual quality of this viewscape "before" and "after"
the facility. (Note: throughout this questionnaire, Tow numerical scores
(i.e., 1) are given to qualities which are of best or highest quality; high
scores (i.e., 100) are reserved for those attributes of low quality.

Please remember: "Big numbers are bad scores.")

Overall visual quality before (1-100). Overall visual quality
after (1-100).

B. INTACTNESS EVALUATION: Intactness is the relative degree of
natural condition of a viewscape or its elements. Intactness may be

evaluated by considering the level of urbanization and degree of
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encroachment present; intactness scores are highest when man-made

development and visual disturbances are absent, as discussed and illus-
trated in the accompanying text.

1) Rate the intactness of the overall viewscape by checking the
appropriate box in each column below; place one check for "before" and
one for "after".

Before After

1. Very highly intact/no alteration.

2. Highly intact/little alteration.

(x) 3. Moderately highly intact/moderately little alteration.

4. Moderately intact/moderately altered.

(x) 5. Moderately Tow intactness/moderately highly altered.

6. Low intactness/highly altered.

7. Very Tow intactness/very highly altered.

2) Rate the intactness of each major element of the viewscape, as
identified in the viewscape sketch. In the "after" viewscape, do not
rate the facility's intactness, but consider its effect on the visual
intactness of viewscape elements which it physically alters or visually
blocks from view, in part or as a whole. Use the numerical intactness
rating system from above in scoring the intactness of each viewscape
element.

Element Name Intactness Score
Before After

Sky 2 3
Etc.

o o m >
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C. VIVIDNESS EVALUATION: Vividness is the memorability of visual

impression of the overall viewscape or its elements. Vividness is high

in viewscapes when there is distinction of prominence resulting from

high contrast or from mutual accentuation of visually diverse elements.

In rating vividness, consider the leveis of definition of viewscape
boundary, diversity of spatial enclosure, degree of topographic relief,
diversity of vegetative pattern, prominence of natural features, prom-
inence of waterforms, vividness of sky, and vividness of man-made elements,
as discussed in the accompanying text.

1) Rate the vividness of each major element of the viewscape, as
identified in the viewscape sketch. In the "after" viewscape, rate the
vividness of the facility as well as its effects on the vividness of the
other viewscape elements which have been visually blocked, physically
altered, or affected by visual contrast or legibility with the addition
of the facility. Use the numerical vividness rating system from above
in scoring the vividness of each viewscape element.

Element Name

Before After

A. River 3 4
B. Etc.

C.

D.

E.

F.

G. Facility

D. UNITY EVALUATION: Unity is the degree to which individual

elements in the viewscape join together to form a single coherent har-
‘monious visual unit. Unity refers to the level of compositional har-
mony or visual intercompatibility of the individual elements which
comprise the viewscape. Unity does not require similarity or blandness,
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but may depend rather on visual dominance and subordinance of viewscape
elements with some level of integrating organization between them. It
must be remembered that unity deals only with visual coherence and com-
positional integrity between viewscape elements, and should be clearly
distinguished from both "intactness" and "vividness" rated above.

(See accompanying text).

1) Rate the unity of the overall viewscape by checking the appro-
priate box below for "before" and "after" conditions.

Before After

1. Very high overall unity.

2. High overall unity.

(x) 3. Moderately high overall unity.

4. Moderate overall unity.

(x) 5. Moderately low overall unity.

6. Low overall unity.

7. Very low overall unity.

2) Rate the level of unity or degree of harmonious visual integra-
tion between man-made and natural elements in the viewscape, considering

the facility as an additional man-made element in the "after" viewscape.
Check the appropriate box below for "before" and "after" conditions.

Before After

1. Man-made elements very highly unified with natural/
absent

(x) 2. Man-made elements highly unified with natural.

3. Man-made elements moderately highly unified with natural.

(x) 4. Man-made elements moderately unified with natural.

5. Man-made elements of moderately low unity with natural.
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6. Man-made elements of Tow unity with natural.

7. Man-made elements of very Tow unity with natural.

E. IMPORTANCE EVALUATION: Visual importance is the level of visual

contribution an element makes to the overall viewscape after the facility
has been introduced into it. An element's visual importance may be due

to its size, number, singularity, contrast, or position in the viewscape.

In the "after" viewscape rate the visual importance of each major element,
using the importance rating scale from 1 to 7 provided below.?

Element Name Importance Score
After
A. 2
B. 4
C. 1
D. 5
E. 3
F.
G. Facility 1

Element very high in visual importance to viewscape.
Element high in visual importance to viewscape.

Element moderately high in visual importance to viewscape.
Element of moderate visual importance to viewscape.
Element of moderately low visual importance to viewscape.
Element of Tow visual importance to viewscape.

- N W P OO N

Element of very low visual importance to viewscape.

a
Importance score is the only score which is numerically reversed,

i.e. 7 = element very high in visual importance to viewscape. Please
note this single exception to the rule that "big numbers are bad scores."
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APPENDIX C

DESCRIPTIONS OF THE IMPACTS OF OVERHEAD
TRANSMISSION LINES FOR SEVEN CRITERIA

General descriptions are given here of the impacts of overhead electric
power transmission lines for the seven criteria to be weighted in importance
by members of the pubh’c.a Additional impacts are associated with under-
ground lines. The seven criteria are:

Economics

Water Quality

Air Quality

Animal/Plant

Cultural/Recreational

Health/Safety

Aesthetics
The descriptioné would have to be altered to indicate the impact for spe-
cific transmission line route alternatives prior to public response testing
to measure the relative importance of each criterion.

ECONOMICS

There are two elements to the economics criterion. The first element
is the direct cost to acquire easements and construct the transmission lines.
The second element is the indirect impact which transmission Tines have on
property values. The potential for measuring the impact of transmission
lines on property values is discussed in Chapter VI.

The economics criterion captures much of the land use impact of trans-
mission lines. For example, it will generally be more expensive to acquire
an easement for productive land than for nonproductive land. The indirect
cost associated with transmission lines will also reveal transmission line

eMuch of the descriptive material presented here is adapted from the draft
fiscal year 1975 Environmental Impact Statement for the General Construc-
tion and Maintenance Program of the Bonneville Power Administration,

pp. 33-48.
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routes which have substantial detrimental impact on land value. High direct
and indirect costs will tend to show that the transmission line is incompati-
ble with existing land use.

WATER QUALITY

The impact of transmission lines on water quality results primarily
from soil erosion and exposure of water to direct sunlight in normally for-
ested areas. Removal of ground vegetation and disturbance of topsoil dur-
ing construction accelerates erosion with the resulting siltation of natural
drainage systems. Increased turbidity can occur in lakes, rivers, and
streams in the vicinity of rights-of-way.

Water temperature increases can be caused by increased exposure of
water surfaces to the sun's rays as a result of removing streamside vegeta-
tion. The shade provided by streamside vegetation is a major factor influ-
encing changes in water temperatures. Transmission lines normally do not
parallel streams but rather cross them at a single point. The amount of
vegetation removed and consequently the amount of stream surface exposed
can thereby be kept to a minimum. Vegetation along stream banks should be
left intact for a minimum width of 100 feet whenever possible.

Roads and road construction activities are significant sources of sedi-
ment, and erosion from clearing and slash burning can also contribute to
increased sedimentation. Poorly placed culverts can result in increased
sediment loads.

The effects of transmission lines on aquatic life can also be included
under this criterion. The principal impact of transmission lines on aquatic
life results from changes in the oxygen content of water and the introduc-
tion of herbicides. Higher water temperatures reduce the oxygen-holding
capacity of water and increase the metabolic rates of animals which further
reduces the oxygen levels. The increased metabolic rates are particularly
important when debris is present. In these situations, bacteria greatly
reduce dissolved oxygen to levels critical to fish. The situation is
further aggravated when the debris is sufficient to impound sections of the
stream and reduce flow rates. Reduced light penetration associated with
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turbidity can decrease primary production and its associated oxygen produc-
tion. The buildup of fine sediments and organic matter in stream bottom
gravels, even when not sufficient to bury fish eggs and bottom invertebrates,
may suffocate or drive them away due to reduced flows and/or oxygen levels.
Thus, even small additions of soil can produce significant changes in a
stream fauna.

Herbicides used to control growth under transmission lines can also
reach water courses and detrimentally affect water quality and aquatic life.
Herbicides which are resistent to leaching and which break down rapidly are
normally used to minimize these impacts.

AIR QUALITY

The principal air quality impact associated with transmission lines
results from construction activities. Construction activities that can
adversely affect air quality include combustion byproducts from burning,
dust from disturbed soil, vehicle and equipment exhaust emissions, and
objectionable fumes and odors from miscellaneous operations. The impacts
of these construction activities on ambient air quality are normally local-
ized and short-lived.

Slash and unmerchantable timber is produced during the right-of-way
preparation and construction operation for transmission facilities. Con-
tractors installing lines commonly use open burning to dispose of this mate-
rial where and when permitted by local, state, and Federal air pollution
regulations. Open burning introduces combustion byproducts, including water
vapor, particulates, hydrocarbons, carbon monoxide, and carbon dioxide, into
the atmosphere. Relatively high concentrations of these products near the
sites of the fires decrease rapidly to ambient levels in all directions.
Particulates in the smoke may reduce visibility in the immediate vicinity
of the fire. Adverse weather conditions can create potential problems.
Burning operations are normally conducted in locations away from urban

areas.
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The amount of dust produced by construction activities depends on soil
types, weather conditions, types of equipment, and rates of vegetation recov-
ery. Wetting down construction sites in dry areas significantly reduces the
amount of dust in the air.

Exhaust emissions from vehicles and equipment are normally related to
the difficulty of access and the amount of hauling of materials and equip-
ment. Mountainous and timbered areas will normally require more extensive
access road construction which can mean more equipment operation and right-
of-way preparation. Emissions from both gasoline and diesel-powered con-
struction machinery such as chain saws, bulldozers, cranes, and automotive
equipment will occur,.

Objectionable fumes and odors could come from fuels, volatiles, chemi-
cals, paints, or other items found at most construction sites. Normally,
they would only create a localized temporary nuisance.

ANIMAL/PLANT

Plant and forest growth is removed from transmission l1ine easements
during construction. Some regrowth is permitted as long as the vegetation
does not pose a hazard to the lines or towers.

The Bonneville Power Administration removes vegetation by the following
methods:

a. Foliage sprayed treatment which consists of spraying a herbicide diluted
with water on the foliage. This method is confined to application on
easy-to-kill plants and noxious weeds where brownout of clumps or indi-
vidual trees is acceptable.

b. Basal treatment which consists of applying a mixture of herbicide and
carrier on the lower stem of the tree from about knee high to the
ground line. When applied during the dormant season treated trees
will not normally leaf out during the following growing season, thereby
avoiding a vegetative brownout.
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c. Frill, notch, or cup method where a cut through the bark is made to
the cambium layer forming a series of cuts around the circumference
of the tree. Dry, powdered, or raw liquid herbicide is poured into
the notches. This can be done at any time of year, but is most effec-
tive when performed during the dormant season. This is the safest
method near streams, sensitive plants, or other areas of concern.

d. Pelleted herbicides are broadcasted within the drip base of the tree.
Some pellets sterilize the soil for a short period while others affect
only the plants around which applied. This is an excellent method for
controlling individual trees during working patrol in locations inac-
cessible to vehicles.

e. Cutting and stump treatment is a method by which a tree is cut down
mechanically. The stump may require herbicide application to prevent
sprouting. A problem in this method is the disposal of the chipped
material. It also requires that the chipper be hauled to the work
site or the vegetation dragged to the chipper. In either case damage
may be caused to desirable plants. The remaining slash must be
removed, burned, chipped, or scattered.

Construction of transmission facilities will also have some impacts on
wildlife. These impacts will occur primarily through the disturbance of
wildlife and elimination of habitat. Impacts will be most intense in or
near forested areas where major vegetation disturbance will occur during
construction of transmission lines and access roads.

In timbered areas, the land cleared for right-of-way will experience
physical changes due to exposure to sunlight, winds and precipitation.
These changes will undoubtedly bring about shifts in understory growth,
animal associations, and other biological patterns. Secondary succession
will normally occur in those areas in which the climax vegetation has been
removed. Initially, the new cover will consist of pioneer species such as
grasses and weeds, followed by low shrubs and herbs. The open spaces cre-
ated in timberland will provide food and cover for a variety of small
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species including quail, grouse, rabbits, and rodents. Deer and elk will
browse on the grasses and legumes within the open area, using the bordering
woods for cover.

Disturbance of daily wildlife behavior immediately adjacent to trans-
mission corridors, access roads, or substations will occur during the con-
struction phase due to human activity, noise, dust, and other disturbances
associated with construction. Wildlife may leave the area temporarily but
should return after construction activities cease. Undoubtedly, some indi-
vidual animals will be eliminated by construction activities. Construction
during nesting and rearing seasons would be expected to have a greater
impact than at other times.

In discussing impacts on wildlife, it is important to consider the con-
cept of individual animals and their total population. Individual animals
will be eliminated either directly by stress produced during construction
or by lToss of habitat. However, one must judge this impact relative to the
availability of similar habitat and the total population of each species in
the study area. Loss of individual "common species" such as pheasant, rab-
bits, or deer would not be as critical as loss of an endangered or rare
species, or a species with Timited distribution in the area. In most cases,
effects from construction of transmission facilities are expected to be
temporary and should have no measurable effect on wildlife populations.
However, loss of habitat, particularly critical habitat, will reduce wild-
life populations dependent on that habitat.

Wildlife migration patterns may be influenced by the creation of open
transmission corridors through timbered areas. Game may use these cleared
paths to establish new migration routes, and increased populations of some
animals may result in some areas. Where the new areas serve as a municipal
watershed the increase in herbivore populations may increase pollution of
water resources. There have also been suggestions that some species of
wildlife may avoid crossing cleared areas and modify their movements
accordingly.
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Long-term effects on game will also result from introduction of improved
hunter access in forested areas crossed by the proposed lines and the result-
ing increase in hunting pressure. Wildlife in these areas may be disturbed
by recreation vehicles, such as off-road vehicles, trail bikes, and snowmo-
biles on cleared rights-of-way. Although steps are taken to limit public
use of private access roads and rights-of-way on private land, these efforts
have never been completely successful.

The application of herbicides will affect the availability of forage
for wildlife. Forage will be temporarily reduced or in some cases elimi-
nated depending on the variety of brush found in the areas treated.
Vegetation-control activities are cyclic and vegetation will recover depend-
ing on the type of herbicide used, the resistance of different vegetation,
and the area involved. The loss of forage on treated lands will place stress
on the wildlife that have become dependent on the right-of-way vegetation.
Use of herbicides will also reduce nesting and resting areas along the
rights-of-way. However, the elimination of tall-growing species may pro-
mote the growth of desirable low-growing browse species.

In areas where large numbers of birds may congregate such as on wild-
life refuges, seep lakes, and other major nesting and feeding areas, there
is the possibility of individual birds flying into transmission lines, par-
ticularly during times of poor visibility or during takeoff or landing of
large flocks.

There have also been reports of large birds being killed by simulta-
neous contact with an energized conductor and grounded hardware on transmis-
sion Tines, poles, or towers. These reports are usually Timited to lines
operating at voltages below 115,000 volts. A few small mammals (primarily
squirrels) and birds come in contact with energized substation equipment
and are killed.

CULTURAL/RECREATIONAL

The commitment of land for a transmission right-of-way may limit the
potential and growth of a recreation facility. A development of this nature
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can reduce an area's potential recreational designation or classification,
such as wilderness area. The visual impacts created may be sufficiently
adverse to prevent an area's development for a specific recreational pur-
pose. An existing area's potential for expansion can also be reduced by
lines adjacent to or paralleling its boundaries. However, the creation of
transmission utility corridors would present possible recreational oppor-
tunities for bicycle trails, snowmobile and all-terrain vehicle routes,
nature study, and some open-space areas. '

Since most utilities obtain easements rather than fee-ownership of the
rights-of-way, recreational uses depend on the willingness, interest, and
cooperation of the landowners. Unauthorized or uncontrolled use of trans-
mission Tine rights-of-way by recreational vehicles will likely have detri-
mental effects such as erosion, disturbance to wildlife, fire hazards, and
annoyances to landowners.

The principal cultural impact of transmission lines is on historic and
archeological resources. The primary impact would be visual, although it
is also possible that a transmission line could physically interfere with a
historical site.

A final cultural/recreational impact of transmission lines is audible
noise and electromagnetic interference which affect radio and television
reception. The effect is primarily limited to areas adjacent to the trans-
mission lines. Foul weather can aggravate the problem.

HEALTH/SAFETY

Several hazards are associated with transmission lines which pose
health and safety risks to humans. These health hazards include the danger
of energized transmission lines falling to the ground, metal objects coming
into contact with lines, induced voltage and currents in metallic objects
adjacent to lines, the possible health hazard for workmen who repair lines,
the ozone and nitrous gases produced by high voltage lines, the noise asso-
ciated with transmission line construction and operation, and the danger of
impact with aircraft.

C.8



Energized conductors falling to the ground can occur because of vandal-
ism or severe weather. When this occurs, lines are generally automatically
switched off. During such failures, current flows through the earth for a
short interval. Because of the earth's resistance, a voltage appears in the
vicinity of the tower involved which may present a localized hazard.

The electrostatic and electromagnetic field associated with high-voltage
lines can induce voltage and currents in metallic fences, structures, and
equipment near the line. This includes wire communications facilities or
utility systems which may be in the near proximity of the power line. The
magnitude of the induced voltage and associated ground-discharge current due
to the electrostatic field depend on the line voltage, the size of the object
being charged, and the object's distance from the line conductors. The
magnitude of induced current due to the electromagnetic field depends on the
load current in the conductors, the orientation and length of the object,
and its distance from the conductors. Procedures for grounding metal struc-
tures and equipment along with other precautions can reduce the possible
hazard and nuisance from these sources.

A1l transmission lines pose an inherent hazard if objects such as irri-
gation pipe, construction booms, or other conducting materials are brought
into contact with the line. Because conductor height from the ground
increases with voltage, the probability of such accidents is greatest with
low-voltage lines. However, construction of any transmission line across
agricultural land does create a hazard and farm operators must observe basic
safety precautions in their activities underneath and immediately adjacent
to the Tines.

The evidence as to whether humans, or other 1ife forms, suffer ill
effects from exposure to the electrical fields present in the vicinity of
transmission lines is inconclusive at this time. An extensive study noted
no i1l effects in linemen who worked on high voltage lines and were exposed
(1) No detrimental effects were apparent

() Other studies
(4)

to very strong electrical fields.
when mice were exposed to electrical fields in one study.
have noted possible detrimental effects in both humans(3) and animals.
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The noise -associated with transmission lines is not severe enough to
be a health hazard, but it can be an annoyance. During construction, the
noise created by heavy equipment and chain saws can be particularly annoy-
ing. Helicopters are frequently used to inspect routes and their noise can
also be an annoyance. Small irregularities on the conductor surface of
energized transmission lines result in a corona effect which can produce
audible noise in the immediate vicinity of transmission lines.

Corona currents also generate ozone and nitrous gases. 0Ozone in high
enough levels may affect growth of vegetation and may possibly be hazardous
to humans. However, recent tests have indicated that a high-voltage trans-
mission line is an inefficient generator of these gases. Tests recently
made adjacent to 765 KV lines indicate that the ozone concentration is
only 2 to 3 parts per billion by vo]ume.(s) The increase would be less
for lower voltage lines.

Transmission lines pose a potential obstruction to aircraft. This prob-
Tem is particularly acute in geographic areas characterized by frequent low
visability. In general, however, most lines are below the minimum flight
altitudes allowed by the Federal Aviation Administration (FAA) except for
special operations such as crop dusting. FAA standards are followed in mark-
ing lines and structures. Additional precautions employed on large river
crossings usually include airway beacon lights on towers, colored spherical
markers on conductors, and airway marker paint colors on towers.

AESTHETICS

The aesthetic impact of transmission lines, access roads, substations,
and related structures is a significant environmental impact. The degree of
impact created will vary with the scenic quality of the area, the design of
the structure and right-of-way, and the visual significance of the land-
scape to the viewer.

Major visual impacts include cleared corridors through forested areas,
“skylining" towers along the crest of a ridge, rows of towers visible for



several miles in areas of sparse vegetation, and congestion of towers of
different size and design along multiple rights-of-way or in the vicinity
of generation sites. Because of their linear nature, transmission lines
pass near and sometimes cross designated scenic highways, rivers and
trails. Painting and weathering of towers can help reduce the visual
impact of these structures.

Vegetation management programs will result in dead vegetation within
thé controlled corridors. In some cases this is limited to a single tree
or clumps of trees. When aerial spraying is used a brown path will be
visible until new growth appears, usually from a few months to a full
growing season.

In one sense, underground transmission lines have minimal aesthetic
impact since towers and lines are not visable. However, the impact of
the corridor can be severe in that it requires extensive excavation and
normai]y does not permit the establishment of trees or shrubs along the
right-of-way. Underground 1ines cost approximately eight times as much
as overhead lines.



REFERENCES

M. W. Singewald, 0. R. Langworthy and W. B. Kouwenhoven, "Medical
Follow-Up Study of High Voltage Linemen Working in AC Electric Fields,"
Paper No. T 73 154-2, IEEE Power Engineering Society Winter Meeting,
New York, New York, January 28-February 2, 1973.

G. G. Knickerbocker, W. B. Kouwenhoven and H. C. Barnes, "Exposure of
Mice to a Strong AC Electric Field - An Experimental Study," IEEE
Transactions on Power Apparatus and Systems, pp. 498-505, April 1967.

V. P. Korobkova, Y. A. Morozov, M. D. Stolarov, Y. A. Yakub, "Influence
of the Electric Field in 500 and 750 KV Switchyards on Maintenance Staff
and Means for its Protection," CIGRE Paper 23-06, International Con-
ference on Large High Tension Electric Systems, Paris, August 28-
September 6, 1972.

C. Meda, V. Carrescia, S. Cappa, "Experimental Results from Exposure
Animals to AC Electric Fields," Second International Colloquium on the
Prevention of Occupational Risks Due to Electricity, Koln, Germany,
November 30, 1972.

M. Frydman, "Oxidant Measurements in the Vicinity of Energized 765 KV
Lines," IEEE Transactions, Vol. PAS-92. No. 3, p. 1145, May 1-Jdune 1,
1973.




OFFSITE

1

100

196

ONSITE

]

30

DISTRIBUTION

" AEC Chicago Patent Group

U. S. Atomic Energy Commission
Argonne, IL 60439
A. A. Churm

Directorate of Regulatory Standards
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dr. William Ramsey (100)

Division of Biomedical and Environmental Research

U. S. Atomic Energy Commission
Washington, D. C. 20545
J. L. Liverman

AEC Technical Information Center

Jones and Jones Landscape Architects
105 S. Main Street
Seattle, WA 98104

Brian Gray (2)

The Maxwell School
Syracuse University
607 University Avenue
Syracuse, NY 13210

Dr. Roy W. Bahl (2)

Battelle Human Affairs Research Center
4000 N. E. 41st Street
Seattle, WA 98105

Dr. William Maynard (2)

OQak Ridge National Laboratory

P. 0. Box X

Building 2024

Oak Ridge, TN 37830
Carey Rosemarin

AEC Richland Operations Office

B. J. Melton

Battelle-Northwest

A Brandstetter JC Fox

JB  Burnham JL Harris

JW Currie PL Hendrickson (15)
DE Deonigi MH Karr

LE Erickson WH Swift

BNWL-1837

GL Wilfert

JR  Young
Technical Info (3)
Technical Publ (1)



	Measuring the Social Attitudes and Aesthetic and Economic Considerations Which Influence Transmission Line Routing
	Recommended Citation

	tmp.1690214198.pdf.SCkWi

