BEST PRACTICE RECOMMENDATION:
A Visual Impact Assessment Process for Evaluating Wind-Energy Projects1
Aesthetic impacts are often expressed as a primary concern about wind-energy
projects. Unfortunately, few regulatory review processes adequately address
aesthetic issues. To address this issue, this memorandum describes a process
and approach for evaluating the visual impact of wind-energy projects.2
BACKGROUND:
Aesthetic Issues Related to Wind-Energy Projects
There are a number of reasons why proposed wind energy projects evoke strong
emotional reactions.3 Modern wind turbines are new to the U.S. Increasingly,
wind projects are being built or proposed in areas that are close to residential
and recreational sites that were never before considered for energy-related
development. They also must be sited where wind resources, transmission lines,
and access exist. Particularly in the eastern U.S., these sites are high in
elevation and highly visible. Turbines are typically taller than any local zoning
ordinance envisioned and they are not possible to screen from view.
When evaluating wind-energy projects, the essential question is not whether
people will find them beautiful or not, but instead to what degree will the project
affect the important visual resources of the surrounding area. It is impossible to
predict how any individual will react to a wind-energy project. However, it is
possible to identify the visual character and scenic resources of a site and region.
The following summarizes a rigorous process for analyzing the significance and
importance of the visual resources involved and the effects of a proposed windenergy project on the landscape character and scenic resources of the
surrounding area. This process can help to inform the regulatory process as to
1

This process has been developed by Jean Vissering, Landscape Architect, Montpelier,
Vermont. The description of this process is based on the recommendations provided in the
recently published National Research Council’s Report, Environmental Impacts of Wind-Energy
Projects, Natural Research Council of the National Academy of Science (May, 2007).
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Many aspects of this process currently are used by the Vermont Public Service Board in
reviewing the visual impacts of wind energy projects proposed in the State of Vermont.
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Based on the few studies conducted, it appears that despite low public acceptance during
project proposal phases, acceptance levels generally increase following construction.

whether a project is acceptable as designed, potentially acceptable with
appropriate mitigation techniques, or unacceptable.
RECOMMENDED ASSESSMENT PROCESS
Evaluating aesthetic impacts requires a process of information gathering,
analysis, and evaluation. The basic steps that form the basis for an aesthetic
impact assessment are as follows:
1.
2.
3.
4.
5.
6.
1.

Project Description
Assessment of Project Visibility, Appearance, and Landscape Context
Identification of Scenic-Resource Values and Sensitivity Levels
Assessment of Aesthetic Impacts
Use of Mitigation Techniques
Determination of Acceptability or Undue Aesthetic Impacts
Project Description

A detailed description of all elements of a proposed project is an essential first
step. All site and facility features that will have potential visual impacts should be
identified by the developer in detail. These should include the characteristics of
the turbines (e.g., height, rotor diameter, color, rated noise levels), the number
planned, their locations; information about meteorological towers, roads,
collector, distribution and transmission lines, temporary or permanent storage
areas, substations, and any structures associated with the project. In addition all
site clearing should be identified, including clearing for turbines, roads, power
lines, substations, and lay-down areas. Information also is needed on all site regrading that will be engineered, including the amount of cut and fill, locations,
and clearing required. This information forms the basis for all aesthetic review.
2.

Project Visibility and Landscape Context

A number of tools and techniques are available for determining visibility and for
describing relevant landscape and project characteristics. The key techniques
outlined below often are required as part of a permit application.
a.

Computer Viewshed Analysis

Computer-generated maps based on digital-elevation models (DEM) illustrate
where any hypothetical point (such as the tip of a turbine blade) could potentially
be visible within a given area, such as a 10-mile radius around the proposed
project. They also can indicate approximately how many turbines are likely to be
visible from a given point. They are based on digital-terrain modeling and may
not account for surface elements like vegetation or buildings that might block
views. Field analysis is essential to verify actual visibility. It also is possible to do
a “partial viewshed analysis,” which examines the visibility of particular turbines,
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or to look at a particularly sensitive viewing point on the ground to examine an
area of potential visibility.
Generally, an area of 10 miles surrounding a project site is adequate for
viewshed mapping and field assessment for turbines of a size currently used in
the U.S. In some landscapes, however, a 15- to 20-mile radius may be preferred,
especially if highly sensitive viewpoints occur at these distances, the overall
scale of the project warrants a broader assessment, or more than one project is
proposed in the area.
b.

Line-of-Sight Visual Analysis

When complex topography makes it difficult to determine whether a particular
turbine or other object will be visible from a particular point, a line-of-sight
analysis can provide a useful check.
c.

Simulations (Visualizations)

Several types of simulations can be used to help predict how the project will
appear. Photographic simulations or photomontages based on still photographs
taken from selected viewpoints are the most common; they represent essential
tools in under-standing project visibility and appearance.
Some professionals prefer 3-D visualization models that create a digital image
from selected viewpoints. These images eliminate the variability and lack of
clarity in some photographs and can depict conditions ranging from clear blue
skies to nighttime lighting conditions, but they are not as realistic in appearance
and details as a photographic simulation. Animated simulations illustrate the
rotation of the blades on the turbines at accurate speeds. Photographic
simulations generally show only a narrow window of a particular view (wide angle
lenses result in inaccurate perspectives).
In understanding visual impacts, it is useful to understand the broader context of
the view. Whether the broader panorama will contain turbines as well, or whether
it will remain undeveloped, is an equally important part of the analysis. Several 3D visualization programs allow “fly-through” simulations that are based on a
virtual landscape.
Creating technically accurate simulations is critically important. Simulations can
be manipulated to produce images that either exaggerate or minimize the visual
impacts of a proposed project. Accuracy should be checked by experts in the
field of digital images. Another check is to have at least two independent parties
provide simulations from the same point.
The following is an overview of good practice:
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•

Photographs should be taken with a 50-mm lens or digital equivalent that
creates a 38.6° angle of view, which most closely matches human visual
perception. Shorter focal lengths tend to flatten out topography and the
vertical impression of the turbines, while longer focal lengths tend to
exaggerate these features. However, the human eye is much sharper than
any camera lens, and so photographs should be taken at high resolution,
whether a film or a digital camera is used.

•

Clear weather provides the best clarity of the scene and a “worst case
condition,” and should be represented in all simulations to allow a
complete evaluation.

•

Foreground clutter such as power poles should be avoided if possible in
the photograph.

•

Global-positioning system (GPS) location points should be recorded for
each simulation viewpoint, preferably using a GPS unit with sub-meter
accuracy,and at least 3 m accuracy, to ensure repeatability.

•

Some landscape architects fly weather balloons to mark locations of the
nacelle in the field, but on windy sites, it may be difficult to get a vertical
position.

•

Using a DEM, various 3-D programs can create accurate digital images of
the terrain from a particular point that has GPS coordinates recorded,
along with the angle of view. Exact turbine locations as well as roads,
meteorological towers, and other project infrastructure can be inserted into
the model. Available Geographic Information System (GIS) data may vary
from 10-meter to 30-meter digital elevation (DE). For example, 30-meter
DE is accurate to within 15 m vertically and 12 m horizontally, while 10meter DE can be accurate to within several meters. Once the DEM is
created, the photograph that contains important detail information such as
structures and vegetative patterns can be superimposed on the DEM.
Images of the turbine and other structures can be created on the DEM
using programs such as Visual Nature Studio and merged with a
photograph using a digital photo-editing program. The color, brightness,
shadows, and sharpness of the turbines can be adjusted to appear
consistent with the photograph. Depending on lighting conditions, the
turbines may appear white or black if they are silhouetted against the sky.
Illustrating various lighting conditions can be helpful.

•

The relationship between the size of the photograph and the distance of
the observer is important for creating a realistic image. A minimum image
size of “10X12” can be viewed at a comfortable arm’s length, and it is
preferable to smaller simulations. Poster-size simulations that can be
viewed from about 4-5 ft away are suitable for public display. The formula
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for determining the correct size of the image in relation to the distance
viewed is as follows:
Distance from viewer = Width of image /(2 • tan (HFOV4 / 2))
HFOV should equal 38.6 when using a 50-mm lens or equivalent.
•

d.

Animated images illustrating the rotation of the blades can be projected
using PowerPoint and are particularly useful.
Field Assessment and Inventory of Views

Computerized viewshed analyses provide useful information about potential
project visibility, but they are best used as the basis for conducting field
investigations.
A field inventory of views of all public viewpoints within a 10-mile radius of the
project provides the basis for evaluating the extent of visibility as well as the
visual characteristics of views in the study area. In addition to photographically
documenting and mapping viewing locations, the following information should be
recorded: distance from project, duration of view5, and characteristics of the view
(intermittent, panoramic, and foreground, middle-ground and background
elements in the view).
Views should be recorded from parks and recreations areas, hiking trails, natural
areas, wilderness areas, designated scenic areas or roads, areas with panoramic
views, village or town centers, water bodies, state and federal highways,
designated scenic roads, other roads receiving heavy traffic (the USFS defines
this as an average of 150 vehicles/day), areas with concentrations of residences,
and historic sites.
Any sites noted in local, regional, and state planning documents as having
scenic, recreational, cultural or natural values can be considered to be potentially
sensitive sites6. Some viewpoints are more sensitive than others because of
differences in viewer expectations, the duration of view, proximity to project
ridges, or the scenic quality of the viewpoint.
Visual assessment is particularly important in sensitive areas. Residential areas
generally cannot be inventoried in detail, but information can be provided about
4
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Duration of view refers to how long an object remains visible while traveling past it. The term
applies to mechanized transport as well as non-mechanized activities such as hiking or canoeing.
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It is not necessarily a problem if wind-energy projects are visible from these areas; rather how
they are seen and the extent to which they degrade the views or the experience of these
landscapes by visitors or residents are the critical issues.
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the number of residences that may be affected. In addition to views of the project
ridges, other scenic features within the study area need to be documented.
e.

Public Participation in Identifying Viewpoints

For people who live, work, and recreate in a region, the landscape consists of
layers of meaning that may not be understood by an outside professional
conducting a visual assessment. If local residents and other interested parties
can participate in the selection of sites to be inventoried and the simulations to be
produced, the result of the process usually is more widely accepted. Preconstruction surveys of residents, business owners, and tourists can provide
useful information to the degree that the surveys reflect expertise in survey
design and are free from bias.
3.

Scenic Resource Values and Sensitivity Levels

Evaluating the aesthetic impacts of a wind-energy project ideally begins with an
understanding of the elements and location of the proposed project, as well as
particular visual characteristics of the surrounding area that contribute to or
detract from scenic or visual quality.
a.

Regional Landscape Character and Distinctive Features

Landscape character depends on a combination of the natural and human or
built landscapes. All landscapes are composed of unique combinations of
topography (land form), vegetative patterns, and water features (lakes, rivers,
streams, wetlands) that contribute to visual character. Superimposed on the
natural landscape is the human or built landscape, also characterized by distinct
patterns. For example, patterns of towns or villages may contrast with patterns of
farms, fields, and forests. Some regions are characterized by numerous hills and
ridges, while others have only a few distinct and prominent ridges or mountains.
In some landscapes, certain natural or cultural features become focal points.
Forestry practices, mining, suburban development, and recreational structures
also are superimposed on the landscape and become part of its overall visual
character.
b.

Identifying Important Scenic Resources, Focal Points, and
Unique Areas

Processes for determining relative scenic quality are well documented.7
7

Among the best known and established methods for evaluating the scenic attributes of
landscapes is the Visual Management System (USFS 1974) and the later Scenery Management
System (USFS 1995) established by the United States Forest Service. Similarly, the U.S. Bureau
of Land Management uses a method called the Visual Impact Assessment. While these methods
are useful, they fall short of providing definitive guidance for evaluating the visual impacts of windenergy projects on non-federal lands. However, these federal methods provide the following
useful principles for determining scenic quality:
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However, these processes need to be combined with public review since
landscape features that are locally or regionally valued may not be obvious to
outside professionals. Identifying areas of high, medium, and low scenic quality is
not difficult, although scenic quality is relative. A highly scenic area in upstate
New York, for example, looks different from a highly scenic area in the Rocky
Mountains. Scenic resources may be of local, regional, statewide, or even
national significance. The underlying visual principles, however, are the same.
Scenic quality alone is not necessarily sufficient reason to exclude a wind-energy
project.
4.

Assessment of Aesthetic Impacts

There are several factors that affect the visual impacts of a wind-energy project.

• Visual Diversity (Variety Type): The U.S. Forest Service uses the term “variety class” to describe
a fundamental principle of landscape aesthetics: the greater the variety or diversity in the
landscape, the more scenic it is likely to be. For example, landscapes with greater diversity in
vegetation and topography are more likely to be scenic than a flat landscape with uniform
vegetation. Water features such as rivers or ponds tend to add diversity, as do natural rock
outcroppings. High scenic quality often results from the contrast among landscape features such
as field and forest, steep and flat or rolling terrain, village and countryside. Particularly dramatic
landscape features often stand out because of their contrast in form, line, color, or pattern
(texture).
• Intactness (Order): The principle of visual diversity relating to scenic quality generally applies to
both natural and built landscapes. However, in the human landscape, too much diversity can lead
to visual chaos or clutter (strip development being a good example, where every business vies for
attention). Landscapes with a clear underlying order or logic tend to be more visually appealing.
Undeveloped landscapes, or those that retain 19th or early 20th century landscape patterns, are
becoming increasingly rare, and provide examples of intact landscapes that may be of value. In
some respects, wind-energy projects can provide a sense of order in the landscape because of
their logical connections with very windy sites. The repetition of similar elements in many windenergy projects can result in less visual clutter than the combined effect of other types of
development.
• Focal Points: Focal points are elements in the landscape that stand out because of their
contrasting shape (form), line, color, or pattern. They may also be elements of cultural
importance. Often distinct focal points enhance scenic quality. They can be natural elements such
as a lake, river or mountain; or they can be built elements such as an important public building or
central green. Some focal points may be locally important, others are regionally important and
become landmarks that are visible from many vantage points. Occasionally, built elements that
are viewed negatively become focal points, such as large clear-cuts, mining operations, or power
plants. Appropriate siting and design often can prevent developments from being viewed
negatively by preventing them from conflicting with or degrading important regional focal points.
• Unique Visual Resources: Some visual resources may not meet the threshold of being highly
scenic or sensitive, but may have visual value because of their uniqueness. Examples might
include large tracts of wild or undeveloped land, some of which might even appear bleak and
desolate.
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The first set of factors concerns the particular landscape characteristics of the
site and its surrounding context that may affect the sensitivity of views and the
degree of aesthetic impact.
The second set of factors relates to the characteristics of the project itself, how it
is seen in these views, and how it may affect the overall experience of the
landscape context.
Visual impact assessments consider the combined effects of a proposed project
throughout a region or on a locality as it is seen from all views, and particularly
from sensitive viewpoints. No single view is likely to create serious impacts.
Wind-energy projects inevitably are visible, but how they are seen within views,
their relative prominence as seen throughout the region, and the degree to which
they interfere with regional focal points or degrade unique or highly sensitive
landscapes are important factors.
Wind-energy projects will not necessarily conflict with areas of moderate to high
scenic quality, and may even appear more attractive in these settings. Problems
arise when the setting is an important regional focal point, or when a project will
be seen near highly sensitive viewing areas where a natural or intact landscape
is important.
a.

Factors Affecting the Landscape Context

Distance from the Project: In general, visual impacts are greater when objects
are seen at close range. In foreground areas (up to ½ mile away), details can be
seen and objects appear large and often occupy a large part of one’s overall
view.8 Middle-ground views extend up to 5 miles away. At this distance,
landscape patterns can be perceived, as can individual wind turbines, although
they will appear smaller and part of a larger context than turbines in a foreground
view. Background views are those greater than five miles where larger landforms
tend to dominate the view. Wind turbines may be seen from 15 miles and even
farther under optimal atmospheric conditions, but they appear very small at such
distances and appear as small portions of a larger panorama.
View Duration: View duration refers to how long the project is visible as one
drives along a road or paddles along a lake, for example. In many cases, views
of a project may be intermittent and seen through groupings of trees or buildings
as a person moves through the landscape. As with all considerations, view
duration is evaluated along with other factors such as the distance of the project,
sensitivity of the viewing area, and prominence of the land feature involved.
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Because of the larger scale—both vertical and horizontal—of more recent wind-energy projects,
distance zones may need to be extended, with 2-3 miles considered a “foreground” area of
greater potential visual effects.
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Angle of View: Whether the project is seen directly ahead in views or to one
side may influence the degree to which it is likely to be a focal point in views.
Viewing a project from above usually makes roads and site clearing more visible
than if seen from below.
Panoramic vs. Narrow View: When one sees a project as part of a wide
panorama, it may appear to occupy a relatively small part of the view unless a
particular landscape features make it a focal point.
Scenic Quality of View: Highly scenic views are generally those with a high
degree of landscape diversity and with little or no landscape degradation.
Landscape degradation results from development that erodes existing scenic
landscape patterns, or land uses that become unintended focal points due to
their contrast in form, color or pattern with their surroundings. Panoramic views of
high scenic quality are considered to be visually sensitive.
Focal Point within a View: Distinct cultural or natural focal points often enhance
scenic quality. When a focal point exists, new development will generally be
more adversely perceived if it conflicts with or degrades the visual quality and
prominence of a focal point.
Number of Observers: Heavily used public areas, such as a heavily traveled
road or a popular recreation area, are sometimes considered to be more
sensitive than other areas. This criterion needs to be compared with other factors
such as viewer expectations.
Viewer Expectations: For certain uses, there may be expectations for a
primitive setting (wilderness camping) or for a natural setting (natural area).
Recreational areas restricted to non-motorized uses may be more sensitive to
changes involving built elements than other settings.
Documented Scenic Resources: These are local, regional, or state planning
documents that have been publicly adopted and that identify a particular site or
area as having particular values merit serious attention. National and state
recognition may carry greater weight than local recognition, but the latter still is
worthy of attention.
Visibility: Projects that would be seen with great frequency within the study area
may have higher impacts than projects that would be seen infrequently. Visibility
must be studied along with the sensitivity, resource values, and prominence of
the project within the views for an adequate assessment.
Weather Conditions: Generally, projects are evaluated using “worst-case
conditions”, e.g., leaf-off visibility and clear skies. An abundance of clear skies
makes aesthetic impacts in that area no worse or better than visual impacts in a
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region that has more cloudy skies. Indeed, a scenic view that is only rarely visible
may be even more highly valued than one that usually can be seen.
b.

Project Characteristics That May Affect Scenic Resources

Scale: We perceive the size of an object in relation to its surroundings. The
actual size of a wind turbine is less relevant than its perceived size in relation to
its surroundings. Vertical scale (apparent height) in relation to the associated
landmass, horizontal scale, and the overall project size are relevant.
Despite the height of modern wind turbines, it is difficult for most people to
distinguish between a 200-foot turbine and a 400-foot turbine unless they are
side by side. Both appear much larger than surrounding trees and buildings, but
the size becomes relevant in most cases only when it begins to appear to
diminish the size and importance of a nearby natural feature such as a ridgeline.9
Horizontal scale contributes to the relative prominence of a project throughout
the region. Certain western landscapes can accommodate larger projects better
than eastern landscapes of smaller scale. Projects may be too large when
turbines become a constant occurrence within a landscape and when it is difficult
to enjoy any views or ridgelines without wind turbines. Overall project size
appears to be a significant issue in public acceptance of wind-energy projects in
the United States.
Number of Turbines in the View: The number of turbines visible at any one
time may affect the prominence or relative scale of the project. When wind
turbines would be seen looking in all directions, or entirely covering the major
landforms within a locality, the project may be viewed negatively and further
study probably will be needed.
Visual Clutter: The accumulation of diverse built elements on a site, especially
elements that contrast with their surroundings in form, color, and texture, can
result in visual clutter. While it may seem logical to place wind-energy projects in
already built landscapes, too much development can result in an increasingly
chaotic or cluttered landscape. Because wind-energy projects involve the
repetition of like elements, they often result in greater unity and less clutter than
some other types of development. Even combining wind turbines with cell towers
may increase visual clutter and, therefore, visual impact. The introduction of
different sizes and types of wind turbines over the life of a project can potentially
severely degrade a landscape.
Visibility of Project Infrastructure: Visibility of project roads, power lines,
substations, and other infrastructure can substantially increase visual clutter and
therefore visual impacts. These also increase the perceived scale of a project. In
9

Often the larger turbines appear less visually intrusive due to their greater spacing and the
smaller numbers required for an equivalent power output.
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wooded landscapes, clearing resulting from installation of roads, power lines, and
grade changes can visually alter a forested landscape.
Noise: To the extent that noise degrades the character and experience of a
particular landscape, it is an aesthetic concern. Most modern turbines are
relatively quiet, but noise can be an aesthetic concern primarily for residents
living within half a mile of a wind-energy project. Careful siting of individual wind
turbines as well as selection of turbines rated for low noise can help to reduce
these impacts.
Lighting: Night lighting is one of the most difficult aspects of a wind-energy
project to evaluate and may result in some of the greatest concerns. The
importance of changes in landscape depends on where it occurs on the
continuum of urban to wild landscape, as well as a project’s overall visibility and
proximity. In many landscapes where projects have been built or proposed, there
currently is little night lighting. Red lights have less contrast than white lights with
the night sky in terms of value, but they differ markedly from colors typically
observed in the night landscape (except where other objects occur with
obstruction lighting).
c.

Other Issues Affecting Visual Impacts

Cumulative Impacts: This issue relates both to the expansion of existing
projects and to the addition of new projects within a geographic area. Expansion
raises concerns of the overall project scale and its appropriateness for the
particular landscape. New projects raise concerns of both scale and
overburdening a particular locality with development impacts. Developing statewide or region-wide siting guidelines can help prevent the undue impacts that
may result from numerous projects being proposed over time within certain
areas.
Meaningful Benefits: Perceptions of aesthetic attractiveness are often linked to
real or tangible benefits. For many people, however, the benefits of “cleaner air”
or “less dependence on foreign fuels” may seem too intangible, and often they
occur away from the areas subject to aesthetic impacts. Linking wind-energy
development to both economic benefits at the local level and a meaningful
program of pollution reduction at the state, local, and federal levels can enhance
public perception of the benefits of wind energy. Developing direct community
participation and links between the wind-energy project and the host community
also can help a project become a meaningful part of “place”.
d.

Other Methods for Identifying Aesthetic Impacts -Public Participation and Surveys

Communities around the country have used a range of techniques for eliciting
public opinions; the effectiveness of these approaches needs further study.

11

When a specific project is proposed in a particular area, the focus must be on
under-standing the site and the perceptions of the community members who live
and work in the area. Aesthetic effects are site-specific and individual
communities react differently. There is considerable evidence that public
acceptance increases with a sense of involvement in the project. Involvement
includes active efforts to inform neighbors, providing thorough analyses,
responding to expressed concerns with alterations in project design, and
providing material or monetary benefits to affected individuals or to the
community at large.
Much of what we know about public reactions is anecdotal. Statistically valid and
independently conducted pre- and post-construction surveys can provide useful
information about public perceptions of wind-energy projects and help determine
what factors are important in public perceptions. Such surveys are commonly
conducted in Europe, but much less often in the United States. To permit
generalization of information gathered from public perceptions, surveys need to
be carefully designed to factor in particular project attributes, site features, and
the public processes followed in presenting the project to the public. Attitudes of
nearby residents and recreational users from elsewhere may be quite different.
e.

Independent and Peer Review

Experts in aesthetics hired by developers may be perceived as biased in favor of
the developer. Two approaches have been used to obtain independent reviews
of proposed wind-energy projects. Some state or local governments hire
independent experts to conduct visual impact assessments. In other states, a
process of peer review is used. Two or more independent experts in aesthetics
review the work of the developer’s consultant. Usually they are presented with
project information including visibility maps, simulations, and photographs of
landscape character. They are asked to evaluate a number of sensitive
viewpoints for which simulations have been prepared and to score the degree of
contrast resulting from the proposed project. This process could easily be
institutionalized by reviewing bodies. In both cases, the developer generally pays
for this independent review process.
5.

Mitigation Techniques

Some visual impacts will be inevitable with any wind-energy project. Reducing or
minimizing negative impacts can be achieved in a number of ways. A well-sited
and designed project will have incorporated some of the techniques into the
original application. If there appear to be significant visual impacts resulting from
the project, additional mitigation approaches can be used. If none can adequately
reduce the visual impacts, the project may be found not suited for the particular
site.
Mitigation techniques include the following:
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•

Appropriate Siting: This critical mitigation technique involves avoiding a
site that is located on valued regional scenic resources, or that appears
very prominent throughout a region. Selecting a site that can comfortably
accommodate the number of turbines desired without visually
overwhelming sensitive scenic resources on or near the site and the
region as a whole is important. Appropriate siting may also need to
address potential issues of cumulative impacts so that a particular area or
landscape is not overburdened with wind-energy development.

•

Downsizing: Reducing the scale of the project (numbers of turbines or
height of turbines)10 can help the project fit more comfortably into its
surroundings. In some cases, one or more turbines may be particularly
prominent from sensitive viewpoints, or the overall scale of the project
may overwhelm the particular land form or surrounding landscape. In most
settings the difference in overall turbine height are difficult to distinguish.
The difference between a 200-foot turbine and a 360-foot turbine (hub or
nacelle height) can be difficult to perceive, especially when the turbines
are seen against the sky. Size may make a difference if the height of the
landform begins to be overwhelmed by the height of the turbine.
Generally, fewer large turbines can result in a better visual outcome than a
larger number of small turbines.

•

Relocation: Moving turbines from one location to another can help, but it
may not be possible in all cases. Relocation can be used to avoid
proximity to residences or visual prominence from sensitive viewing
areas.11

•

Lighting: The revised FAA lighting guidelines reduce lighting impacts.
Lighting impacts often are of greatest concern to residents and
recreational users and should be minimized to the greatest extent
possible. Any new technologies or modification of FAA lighting
requirements that can further reduce lighting for wind turbines ideally
should be incorporated into design standards.

•

Turbine Pattern: In most cases, turbines are located to take advantage of
small rises in the land, flatter terrain, or other site features that determine
their pattern or organization on the ground. Some studies suggest that
turbine configurations can be designed to respond in meaningful or
visually pleasing ways to their surroundings. In rolling landscapes, a less
rigid arrangement that reflects topography may be preferable, while in
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Turbine heights also have effects on project productivity and on avian and bat mortality, which
must be balanced with aesthetic issues.
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Moving turbines away from a high point of land often results in minimal aesthetic benefits in
contrast to a fairly significant reduction in electricity production.
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flatter landscapes, especially with patterns of rectangular fields or roads, a
more geometric or linear pattern may work better.
Simulations provide a useful way to study the effects of different turbine
patterns from sensitive viewing areas.
•

Infrastructure Design: Paying attention to project infrastructure such as
meteorological towers, substations, power poles, and project buildings in
addition to the turbines themselves is important. Generally, it is advisable
to screen all project infrastructure from view to the greatest extent
possible.

•

Color: A recent FAA study showed that daytime lighting could be
eliminated provided that turbines are white. White often is regarded as
more cheerful and less industrial than other colors, which may be part of
the reason some people find wind turbines more visually appealing than,
for example, cell towers. Bright patterns and obvious logos should be
avoided. Unobtrusive colors are important in other project infrastructure
such as operations buildings, transmission support poles, and road
surface materials. In general, darker colors are less noticeable, especially
against a background of vegetation.

•

Maintenance: People find wind turbines more visually appealing when the
blades are rotating than when they are still. Requirements for immediate
repairs of wind turbines can be part of permit requirements. Also the
replacement of wind turbines with visually different wind turbines can
result in visual clutter, so replacing wind turbines with the same or a
visually similar model over the lifetime of the project may be an important
requirement. Sufficient funds need to be assured for this purpose.

•

Decommissioning: Once a project or individual turbine can no longer
function, requirements for removing the project infrastructure and
reclaiming the site are important. A plan for decommissioning may be
required as part of the permit application. In some cases, money is
reserved in escrow for this purpose.

•

Non-reflective materials: Use of materials that will not result in light
reflection may be required for all project components.

•

Minimizing vegetation removal: Ideally, existing vegetation should be
retained to the greatest extent possible. Clear-cuts generally have
negative visual impacts. Screening areas of cleared forest may be
advisable as well as maintaining vegetation along roadsides and around
turbines.
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6.

•

Screening: While turbines cannot be screened from view, other project
infrastructure (roads, power lines, substations, and buildings) can be.
Existing vegetation is usually preferable, but plantings may be needed and
should incorporate typical indigenous vegetation.

•

Noise: Noise and siting standards can help reduce impact on residents
near the project (generally within half a mile). Noise standards can be set
at firm levels such as 40 dB(a)h (decibels corrected or A-weighted for
sensitivity of the human ear) nighttime and 50 dB(a) daytime at the
property line or at residential structures, or can be set as an increment
above ambient noise levels (e.g., a maximum of 5 dB(a) above ambient
noise levels). Post-construction monitoring is important here.

•

Burial and sensitive siting of power lines: Collector lines often are buried
between turbines. In very sensitive viewing locations, other collector and
transmission lines may also need to be buried.

•

Offsets: In some cases, protecting an offsite visual resource can help to
offset the impacts of the project if mitigation cannot be accomplished on
site.
Determination of Acceptable or Undue Aesthetic Impacts

Decision makers usually need guidance to evaluate under what circumstances
the degradation of aesthetic resources may outweigh the benefits of a proposed
project. The regulatory question to consider is: would this particular project result
in undue harm to valuable aesthetic resources in this particular setting? At a
policy level, the question is broader: how to accommodate wind-energy projects
while retaining the valued scenic resources of the state and of individual
communities?
These questions can be addressed systematically using the process described
above and relying on well-established aesthetic principles. Many sites are likely
to be suited to wind-energy development, and so the question becomes: does
this project as designed work on this site or will mitigation be required?
Mitigation possibilities are discussed above, but there will be circumstances
when mitigation techniques fail to address critical problems with the site itself.
Visibility alone generally does not result in a wind-energy project being perceived
as unacceptable. If the project appears to cause significant siting concerns, to
involve important regional scenic resources, and to significantly affect the ability
of people to enjoy these resources, then the project may be perceived as or
judged to be unacceptable.
Some questions to consider in reviewing wind-energy projects are listed below.
Assuming that a high-quality wind site is involved, decision-making agencies may
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feel more comfortable in concluding that the aesthetic impacts are “undue” if
more than one of the following concerns is involved. Ideally, the criteria will be
weighed against the overall public benefits of the project and along with the
general suitability of the site in other respects.
Questions to Consider in Determining Acceptability of Visual Impacts
•

Has the applicant provided sufficient information with which to make a
decision (including detailed information about visibility of project from
sensitive viewsheds and simulations)?

•

Is the project located within an area of identified scenic or cultural
significance (at local, state, or national level)?12

•

Would the project significantly degrade views or scenic resources of
regional or statewide significance?

•

Is the project on or close to a natural or cultural landscape feature that is a
regional focal point?

•

Is the project in a landscape area that is visually distinct and rare or
unique?

•

Would these scenic resources be significantly degraded by the proposed
project?

•

Is the project unreasonably close (usually less than ½ mile) to many
residences that would be severely affected, especially as a result of noise,
shadow flicker, or by being completely surrounded by wind turbines?

•

Will the project occupy an area valued for its wildness and remoteness? If
these values have been specifically documented, then consideration of the
appropriateness of a wind-energy project becomes even more important.

•

Will the project’s scale in terms of turbine height or numbers of turbines
overwhelm the landscape in which it occurs? (For example, would scenic
views that are free of turbines remain throughout the region, or would wind
turbines occupy all or most notable ridgelines within view of the area?)

•

Will the project result in unreasonable visual clutter due to its combination
with existing built features that already degrade landscape features? This
is an issue of cumulative impacts.

12

Preferably the scenic values have been identified in public documents rather than merely
identified through the aesthetic impacts assessment process. However, only a few states or
localities have taken steps to document scenic resources, so a careful visual impact assessment
process may be the only available tool.
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•

Has the applicant used reasonable and available mitigating techniques
that would reduce the project’s impacts?

•

Does the project violate a clear, written community standard intended to
protect the aesthetics or scenic beauty of the area? Such a standard
ideally will be legally adopted by a community or state, and provide clear
guidance to developers and be based on sound principles of aesthetic
resource assessment.

Guidelines for Evaluating Cumulative Aesthetic Impacts
While wind-energy development is relatively new in the U.S., the potential for
cumulative impacts resulting either from several new projects in a particular area
or from expansion of existing projects is likely to become an issue that will need
to be addressed. The following questions can assist in evaluating the potential
for undue cumulative aesthetic impacts:
•
•
•
•
•
•

Are projects at scales appropriate to the landscape context?
Are turbine types and sizes uniform with the wind resource area and over
time?
How great is the off-site visibility of infrastructure?
Have areas that are inappropriate for wind projects due to terrain or
important scenic, cultural or recreational values been identified and
described?
If the project is built, would the region retain undeveloped scenic vistas?
Would any one region be unduly burdened with wind-energy projects?

CONCLUSION
Regulatory processes reviewing proposed wind-energy projects seldom
adequately address the unique visual issues associated with this type of
development in a rational manner. In fact, there has been relatively little
objective, dispassionate analysis of the aesthetic impacts of wind-energy
projects. To address this gap, this memorandum provides comprehensive
recommendations on appropriate methods for analysis, assessment, and
mitigation of the visual effects of wind-energy projects. The proposed process is
designed to provide regulators, communities, and other stakeholders with the
tools for understanding the visibility of wind-energy projects and for evaluating
the conditions under which the aesthetic impacts might be deemed acceptable or
unacceptable. The process and methods described here should enable betterinformed and more-enlightened decision-making by regulators, developers, and
the public.
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SAMPLE PEER REVIEW EVALUATION SHEET13
Panel Member: __________________________
Date: ___________________________________
Viewpoint #:____________
Viewpoint Description:
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
Visual Impact:
Rate the Project’s contrast with existing conditions on a scale of 1 (completely
compatible) to 5 (strong contrast). Under comments, explain the reason for rating
focusing on the elements of line, scale, color, texture, and form. Then provide
your overall assessment of the project’s aesthetic impact from this viewpoint.
Landscape Component
Vegetation
Land Use
Land Form
Viewer Activity
Water
Total
Average Score

Contrast

Comments

Overall Aesthetic Impact:
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

13

This form were adapted from one used by Michael Buscher, ASLA of T. J. Boyle and
Associates.
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