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Abstract:
Wind is a renewable source of energy but its development has the potential for
significant negative visual, economic and environmental impacts if not sited carefully.
Analysis of a wide range of variables associated with wind development need to be
included in policy development to ensure simultaneous conservation and support of
renewable energy development. The objective of this project is to analyze wind energy
development to inform US Forest Service management practices through applicable
federal, agency, forest and state regulations as well as mitigation of potential impacts.
Geospatial analysis is used to evaluate project suitability and associated impacts through
a case study of the Nantahala and Pisgah National Forests in North Carolina. This case
study is the basis for a spatial decision support system (sDSS) which offers a
methodology to consolidate the assessment and authorization process for wind projects
on public lands. Based on 16 variables of representing environmental sensitivities,
construction requirements, land designations and state policy, this analysis finds that the
majority of the study is are highly sensitive or exclusionary to wind energy development.
To both promote renewable energy and continued conservation of environmental
resources, the Forest Service must take steps to address concerns raised over management
practices limiting development potential. Recommendations from this analysis include
the need for agency wide clarification of intent and scope of current and proposed Forest
Service wind energy management, as well as the prioritization of variable importance in
future wind project siting.
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Introduction
Background
Interest in renewable energy is reaching new levels nationwide as a potential
solution to the energy crisis associated with traditional, finite sources of energy. As the
Federal Government owns almost 650 million acres of land, nearly one third of the
United States (Department of Interior 2008), it is important to evaluate the potential that
public lands could play in the future wind energy supply. On March 11, 2009 the
Secretary of the Interior Ken Salazar issued an order promoting renewable energy
development on U.S. public lands under the jurisdiction of the Department of the Interior
(DOI) by making production, development and delivery of renewable energy an agency
top priority (Quimby 2009). The order establishes an energy and climate change task
force that will identify specific zones suitable for renewable energy project, develop bestmanagement practices to ensure environmentally responsible development and address
the need for additional policy and/or revisions to existing polices and practices.
Wind is one of source of generation cited by the order and is a form of renewable
energy that has seen great growth in recent years, including on federal land. The United
States’ wind power capacity has grown by 29% each year since 2003, and there are
currently utility scale wind projects in 34 states (American Wind Energy Association
2008). To date, the majority of wind energy projects on federal lands land have occurred
in the western states on Bureau of Land Management (BLM). As of 2005 there were
already 22 production and 63 site testing and monitoring authorizations on BLM lands
(2005) which are regulated under the BLM Wind Programmatic Environmental Impact
Statement (PEIS).
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In comparison there is only one existing environmental impact statement (EIS) for
a wind project on Forest Service land: the Deerfield Wind Project in the Green Mountain
National Forest in Vermont (Bayer 2008). The U.S. Forest Service has not issued a
programmatic EIS regarding siting wind power on forest land, but is in the process of
evaluating comments on a draft directive for wind development. In testimony to the
Senate Committee on Energy and Natural Resources in July of 2006, the associate chief
of the U.S. Forest Service, Sally Collins, emphasized that “the Forest Service is firmly
committed to the development of renewable energy sources on the National Forest
Systems lands”(Collins 2006). The Forest Service has the opportunity to be a major
producer of renewable energy and wind is one potential source. The Forest Service also
has the potential to evaluate renewable energy suitability to ensure environmentally
responsible development through similar goals as the DOI’s new energy and climate task
force. To do this, analysis of existing regulations and impacts associated with wind
energy projects should be used to construct an efficient and effective Forest Service
policy for ensuring continued conservation of protected areas while supporting renewable
energy development.

Objectives
The objective of this project is to analyze wind energy policy, industry standards
and impacts of wind energy development in the context of Forest Service management
practices.

With the Green Mountain National Forest Deerfield EIS as a starting

reference, this project uses GIS to investigate the variables that influence turbine siting to
evaluate suitability and the potential impact assessment methodology. There exists only a
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small body of literature on the evaluation of turbine suitability, and very few of those
utilize geospatial techniques. The Nantahala and Pisgah National Forests in North
Carolina provide a case study for the application of a spatial decision support system for
analyzing landuse suitability for wind turbines using GIS. This project will incorporate
existing techniques of site suitability analysis with Forest Service management principles
to propose an analysis method and siting considerations applicable to any National
Forest.

Overview
Wind development is influenced by a wide suite of variables. Part I of this paper
will address policy, industry requirements and the impacts of turbine development that
regulate project development and influence site suitability. Section 1 evaluates the
federal, agency and state policies that apply renewable energy on Forest Service land.
This includes Forest Service’s Special Use Authorizations and Wind Energy Proposed
Directive, Bureau of Land Management’s Programmatic EIS, the Nantahala and Pisgah
Forest Management Plan and the North Carolina Mountain Ridge Protection Act. These
regulations aim to evaluate, assess and mitigate the impacts associated with project
development.
Wind industry siting standards and project design are described in Section 2 as
these construction requirements are also integral in determining site suitability. Wind
potential, site favorability, topography and ecological sensitivity are discussed in relation
to turbine placement and spacing goals.
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Section 3 examines the impacts associated with wind energy development,
generally identified as social, economic and environmental concerns. Examination of the
social and economic impacts is in society’s relation to wind farms and community
response patterns evaluated through aesthetic and economic lenses. Environmental
concerns include ecosystem disturbances on the flora and fauna of a forest.
Part II is the Nantahala and Pisgah National Forest case study. Section 1 reviews
the existing geospatial techniques for view-shed analysis used in modeling the aesthetic
impacts of wind tower construction. Also included is an analysis of spatial decision
support systems and their role in environmental planning. These techniques form the
basis for evaluating site suitability and impacts using ArcGIS. Section 2 describes the
case study methods. Section 3 and 4 are the results and discussion of results in terms of
Forest Service management.
The conclusion, Part III, synthesizes the policy evaluation and geospatial analysis
to comment on effectiveness of current regulations for ensuring adequate protection of
wildlife and habitat while promoting wind energy production.

Part I: Regulation, Constraints and Impacts
I.1. Wind Energy Policy
I.1.1 Federal Policy
On Forest Service land, wind project development must be in accordance with
Federal policy, which includes the National Environmental Policy Act (NEPA), the
Endangered Species act and more recent national energy policy. NEPA establishes a
national environmental policy and requires the preparation of environmental assessment
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for any action that will significantly affect the environment (Hill 1983). The Endangered
Species Act protects threatened and endangered species from extinction and requires the
preparation of a biological assessment and consultation with the US Fish and Wildlife
service (“The Endangered Species Act of 1973”) . A wind energy developer must
address these regulations in the environmental impact statements (EIS) submitted as part
of the project proposal.
Energy related policy applies to wind energy development through two major
acts. First, Executive order 13212: Actions to Expedite Energy-Related Projects, released
on May 18, 2001 reads as follows:
The increased production and transmission of energy in a safe and
environmentally sound manner is essential to the well being of the American
people. In general, it is the policy of this Administration that executive
departments and agencies shall take appropriate actions, to the extent consistent
with applicable law, to expedite projects that will increase the production,
transmission or conservation of energy. (Bayer 2008)
In this order, environmentally friendly energy source development is encouraged
nationally, including on Forest Service lands. The second major national policy
applicable to wind project development is the Energy Policy Act of 2005, which
advocates increased use of renewable energy resources for electric generation. Section
211 specifically addresses Department of Interior lands in the following directive:
It is the sense of the Congress that the secretary of the interior should, before the
end of the 10-year period beginning on the date of enactment of this Act, seek to
have approved non-hydropower renewable energy projects located on the public
lands with a generation capacity of at lease 10,000 megawatts of electricity.
(Bayer 2008)
While the Forest Service is not under jurisdiction of the Department of the Interior, this
policy was cited recently as motivation for a Forest Service wind energy project (Bayer
2008). The Deerfield EIS states that the proposed projects’ “consistent with Title II of
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the Energy Policy Act of 2005, as it would help meet the stated need for the production
and transmission of renewable energy, and thereby serve the public interest. The
Project’s location on public lands and the Forest Service’s role in its implementation is
also consistent with the Energy Policy Act of 2005” (Bayer 2008).

I.1.2 National Forest Service Policy
Policy regarding wind project development is currently in a state of flux on Forest
Service lands. Wind project development is currently addressed through an application
for Special Use Authorization (SUA), but in 2007, the Forest Service issued a directive
for wind energy based on the BLM PEIS for wind energy development. The comment
period has closed and the Forest Service directive is now under review and wind projects
are continuing to be managed through the SUA process.
A SUA is a legal document such as a permit, lease or easement which allows
occupancy or use on Forest Service land for projects that benefit the general public and
protect public and natural resources values (U.S. Forest Service 2008). Both individuals
and businesses may apply for 180 types of SUA projects such as water transmission,
agriculture, outfitting and guiding, recreation, telecommunication, research, photograph
and video productions, and granting road and utility rights-of-ways (U.S. Forest Service
2008). Proposals must be consistent with NFS regulations, federal laws, and relevant
state and local health and sanitation laws. They must also be consistent or made
consistent with the standards and guidelines in the applicable Forest Land and Resource
Management Plan, and may not conflict or interfere with administrative uses, other
scheduled or authorized existing uses, or use of adjacent non-NFS lands. Additionally,
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an SUA is not considered if the project could be constructed on non-forest service land:
lower costs and fewer restrictions are not acceptable reasons for development of Forest
Service lands. Applications must include an Environmental Protection Plan for protection
and rehabilitation during construction, maintenance, removal and alternative options to
the proposed project (Krueger et al 2008).
Regulation for wind project development is governed by 36 CFR part 251,
subpart B – Special Use Authorizations (AWEA 2008). To receive a special uses
authorization, wind energy projects must demonstrate that the site is a viable wind source
capable of effectively producing wind energy within the forest’s management goals
(Bayer 2008). For example, the proposed Deerfield project addressed this requirement by
agreeing to meet the following goals of the forest plan: to maintain or improve air
quality; to demonstrate innovative, scientifically and ecologically sound management
practices that can be applied to other lands; to provide opportunities for renewable energy
use and development (Bayer 2008).
In September 2007, the Forest Service proposed Directive RIN 0595- AC61 for
Wind Energy Development for public comment (U.S. Forest Service 2007). The
proposal was to amend internal agency directives for SUAs and wildlife monitoring and
the directive was to provide guidance and direction specific to wind energy development
(AWEA 2008). The Forest Service directive for wind energy requires project proposals
be consistent or made consistent with the applicable land management plan (U.S. Forest
Service 2007). Impact assessment, reduction and mitigation permitting were broken into
the stages of site feasibility testing, construction and operation permits. The Forest
Service considers site suitability to be influenced by scenery, soil, or geological factors,
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the presence of significant cultural resources, federally listed fish, wildlife, or rare plant
habitat, known and important bird or bat migration routes or other environmental or
human resource considerations. The directive would add new chapters to the SUA
Handbook, “Wind Energy Uses” and to the Wildlife Monitoring Handbook, “Monitoring
at Wind Energy Sites” to function as supplements to existing directives (U.S. Forest
Service 2007).
Visual resources are managed mainly under Section 72.31bRecreational and
Scenery Considerations and Section 73.11bScenery Management. Recreational and
scenery regulation require that consideration of recreational settings and experiences and
scenery in making siting decisions regarding wind energy uses (U.S. Forest Service
2007). The Recreation Opportunity Spectrum (ROS), as defined in the Forest Service
Manual, FSM 2311.1, would identify the recreational activities, settings, and facilities in
the area proposed for a wind energy use and determine how these settings could be
affected by noise and lighting impacts, dust or air quality impacts, and road construction
as part of wind project development (U.S. Forest Service 2007).

I.1.3 Bureau of Land Management Policy
The Bureau of Land Management is at the forefront of federal development of
renewable energy policy and process. In December of 2008 the BLM issued its Wind
Energy Development Policy Instruction Memorandum, formally instituting the use of a
PEIS for wind development. As previously states this policy is the basis for the Forest
Service proposed wind energy directive. The Instruction Memorandum no.2009-03
Right-of-Way Management, Wind Energy clarifies the BLM Wind Energy Development
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policies and best practices (BMPs) provided in the Wind Energy PEIS (Bisson 2008).
Establishment of the PEIS ensures agency-wide consistency in the processing of right-ofway applications and the management of authorizations for wind energy site testing and
development as well as facilitates the processing of future applications.
The PEIS addresses direct, indirect and cumulative impacts from proposed wind
energy development and the processes of analysis before, during and after construction.
Topics covered in the analysis include positive and negative environmental, social and
economic impacts of wind energy development and discussion of relevant monitoring
and mitigation measures to address these impacts (Bisson 2008). It is important to note
that site-specific issues are addressed in the individual project’s review and a project
specific plan of development (POD) will be required along with notification of
appropriate agencies. The BLM PEIS limits the scope of this sort of project-specific
analysis and the level of NEPA review will be contingent on the context and intensity of
the proposal (Bisson 2008). According to the PEIS, a categorical exclusion for short term
right of way analysis may be applied to project testing towers (Bisson 2008). Projects
must also comply with the Endangered Species Act, Migratory Bird Treaty Act and the
National Historic Preservation Act. For BLM wind project proposals, projects must
abide by existing regulations and management goals. On BLM lands where wind energy
development proposals do not comply with an existing land use plan, these plans may be
amended to allow for wind development.
Of particular interest for wind project development is the BLM’s policy regarding
effect of turbines on view-sheds. Similar to the Forest Service directive’s scenery
management provisions, the BLM PEIS addresses visual impacts through visual resource
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management (VRM) classes (Bisson 2008). Identified in land use plans, VRM classes
are based on inventories of visual resources as well as management considerations for
other potential land uses. According to the BLM, the goal of VRM classes is to establish
landscape management objectives for surface disturbing activities, but is not intended to
in anyway exclude or preclude land uses from particular areas, including opportunities
for wind (Bisson 2008). The BLM instruction memorandum emphasizes that “it is
critical that when the BLM makes landuse decisions it considers the attainability and
manageability of VRM objectives relative to the wind energy resources and development
potential and is consistent with our national energy priorities” and that VRM goals can be
met through strategic placement and design plans. The BLM suggests using GIS to aid in
determining suitability and compatibility between visual and wind resources.

I.1.4 Nantahala and Pisgah Forest National Forest Policy
The local forest policies referred to by the Forest Service wind energy directive
are the management goals of an individual national forest. Amendment 5 of the Land
and Resource Management plan for the Nantahala and Pisgah National Forest sets the
most current goals for forest management (U.S. Forest Service 1997). Ecological goals
are the conservation of biodiversity, establishing old growth and forest interior areas and
recovery of threatened and endangered species and managed continuous tree canopy
(U.S. Forest Service 1997). Aesthetic goals focus on timber removal and clear cutting,
with a goal to reduce visible clear cuts from view, especially from the Appalachian Trail
and Blue Ridge Parkways to retain high visitation rates. Management areas in the
Nantahala and Pisgah forests range from administration for timber and recreational
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activities to “semi-primitive non-motorized” areas, which must meet standards regarding
size and isolation, lack of development, and potential for wildlife habitat and old-growth
forest (U.S. Forest Service 1997). A potential project in the Nantahala-Pisgah would
have to take into account these existing management schemes.

I.1.5 North Carolina Regulation
Development of ridges is specifically regulated in North Carolina and has a heavy
impact on potential wind development. The North Carolina Mountain Ridge Protection
Act of 1983 regulates the construction of tall buildings or structures on protected
mountain ridges. The Ridge Protection Act was a state-wide reaction to the construction
of a large condominium in the western mountains. A huge negative response surrounded
the development due to impacts associated with the change to the view-shed. In the
legislative findings of the Ridge Protection Act, the construction of tall or major
structures on the ridges “in an inappropriate or badly designed manner can cause unusual
problems and hazards to the residents of and to visitors to the mountains” and may
“detract from the natural beauty of the mountains”(The Mountain Protection Act of
1983”).
As defined by this law, protected mountain ridges are “all mountain ridges whose
elevation is 3,000 feet and whose elevation is 500 or more feet above the elevation of an
adjacent valley floor” (“The Mountain Protection Act of 1983”). Exceptions to tall
buildings or structures are noted as water, radio, telephone or television towers or any
equipment for the transmission of electricity or communications or both as well as
structures of a relatively slender nature and minor vertical projections of a parent
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building, including chimneys, flagpoles, flues, spires, steeples, belfries, cupolas,
antennas, poles, wires, or windmills
Because of the ambiguity of the windmill exception regarding wind power
development, a few individual counties have clarified the exception clause. Ashe County
in western NC issued the Ashe County Wind Energy System Ordinance stating that
certain windmills are possibly exempt under the Ridge Protection Act. Small wind
systems are one turbine projects with a capacity of not more than 20 kW and less than
135 feet in height are permitted. Large wind systems are also permitted as long as no
portion of the system is located or maintained on any portion of a protected mountain
ridge and as long as the wind turbine height does not exceed the top of the surrounding
vegetative canopy by more than thirty-five (35) (“Ashe County Wind Energy System
Ordinance”). Ashe County is the only county in the Nantahala and Pisgah National
Forests that has published this type of ordinance.
North Carolina has also been identified by the National Renewable Energy
Laboratory as having renewable energy policies that are favorable to development.
These policies include a green-tag purchase program, a Tennessee Valley Authority
Green power Switch Generation Partners program and an energy improvement loan
program.

I.2 Industry Requirements
I.2.1 Siting Standards
The primary goal for wind project site selection is to locate the wind turbines in
the best wind sites to maximize energy production. To be considered a feasible wind
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project site a range of criteria must be satisfied. First, a site must have a Wind Power
Class rating between Class 3 and 7. Wind Power Class ratings are measured in watts per
meter squared (W/ m2), where Class areas 1 and 2 are generally unsuitable for utility
scale wind turbine applications (NREL 2008). Once wind potential is determined, land
requirements are evaluated. Land requirements for siting wind power projects vary
considerably, but mostly depend on two sets of factors: 1) the goal of the developer in
terms of wind potential and project capacity, and 2) landscape characteristics and existing
patterns of land use and ownership (Global Energy Concepts 2005).
The size of the project or project capacity dictates the amount of space needed.
Larger projects require more land and tend to yield lower energy costs, therefore most
developers desire areas that can site enough wind turbines to produce a capacity of at
least 30 mega watts. To achieve a capacity goal, it is desired that a project site have
proximity to an existing electric transmission grid (Global Energy Concepts 2005).
Connecting to an existing grid requires the project’s energy be delivered to an approved
interconnection substation by acquiring right-of-way to the station for transmission lines.
Terrain, existing land use, and whether the instillation is above or below ground
determine this aspect of the project cost and are highly variable; usually only wind
projects producing hundreds of mega watts or kilo watts can justify interconnection at
greater distances from existing transmission (Global Energy Concepts 2005). Site terrain
also must be favorable for construction and accessible by heavy-duty vehicles and cranes.
Excessively steep slopes or ravines can be difficult to access and safety risks and soil
conditions must be supportive for road construction and the installation of underground
facilities (i.e. turbine foundations, communications lines and electrical conductors
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(Global Energy Concepts 2005)). All of these factors have associated costs and are
import criteria for site selection.
Landscape dictates project design through characteristics such as topography, land
cover, human inhabitation, and environmental sensitivities. Ridges and open plains
usually have the highest wind power potential compared to valleys or rugged terrain
which can create turbulence and decrease wind potential. Known as surface roughness,
topography and surface cover like buildings and trees can slow wind speed and create
turbulence (Renewable Energy Research Laboratory 2006). Roughness is classified by
obstacle height, where higher roughness values refer to landscapes with many buildings
or trees and a low roughness values refers to a flat, open space such as a field or ocean
(Danish Wind Industry Association 2003). Roughness determines the wind shear, or the
wind profile along a height gradient, which results in a decrease of wind speed closer to
the ground (Danish Wind Industry Association 2003). Land forms also have differing
exposures to prevailing wind conditions, which affect the physical layout of the project.
Included in the siting process is an analysis of ecological sensitivities in the
proposed area. This includes proximity to parks and federally designated conservation
areas such as roadless areas, wilderness areas, critical habitat or migration corridors.
Human use of land in the project area is evaluated as well, to estimate population affected
by the project. Turbine placement must be made with consideration of setback distances
from residences, property lines and roads. In places where ice-throw is determined to be
a consideration, setback distances increase and also apply to paths and trails to avoid ice
sloughs as the blade flexes through rotations (Renewable Energy Research Laboratory
2006).
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In summary, siting efforts focus on 1) attractive wind conditions, 2) reasonable
access to electrical transmission,3) terrain favorable to constructions, 4) land use and
environmental compatibility, and 5) sufficient land area with these qualities to achieve
economical project size (Global Energy Concepts 2005).

I.2.2 Project Design
Once a project site is determined, land area requirements are investigated in
greater detail. Wind turbine arrangement depends on the size and shape of the landform:
turbines are placed in rows to be as perpendicular to the prevailing wind direction as
possible. Single rows are used in situations where there is high wind power potential but
limited space, such as ridge lines. Larger, more open space can accommodate multiple
rows or a grid set-up (Global Energy Concepts 2005). The distance between turbines,
both in a row and between rows, is determined by rotor diameters. Turbines must be
spaced far enough apart that there is negligible downwind interference, known as wake or
array effect (Global Energy Concepts 2005). Wake effects reduce energy outputs in the
same way as surface roughness does and turbines are spaced to avoid these effects.
In locations with unidirectional winds, turbines can be spaced closer together in
rows, typically 3 to 4 rotor diameters apart, compared to areas with multidirectional
winds, where turbines are usually placed 5 to 7 rotor diameters apart. On ridges, spacing
of 2 to 3 rotor diameters are often used (Renewable Energy Research Laboratory 2006).
Setback distances from property lines vary locally according to building codes and
structure height and are usually 1.5 times the turbine height, or 3 times the hub height
from residences for noise reduction. Ice throw cautions require setback distances of 2 to
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4 times the blade-tip height (Renewable Energy Research Laboratory 2006). Cost is
again important because wide turbine spacing maximizes energy production but requires
more land and infrastructure.
Terrain complexity also influences turbine layout, such as along a ridge, to take
advantage of high wind potentials. In general, the goal is to balance higher wake effects
and lower costs associated with tighter spacing (Global Energy Concepts 2005). Total
area needed for the project can be defined as including open spaces around and between
the turbines, or just the land occupied by the project’s facilities. Project facilities include
the turbines and their foundations, service roads, crane pads, electrical equipment and any
associated buildings. It is estimated that a project’s facilities occupy about 5% of the
total project area (Global Energy Concepts 2005).

I.3 Impacts Associated with Wind Farms
I.3.1 Society and Wind Farms
The struggle surrounding wind tower construction is centered on society’s attempt
to balance its emotive and economic concerns. There exists a large difference between
accepting wind energy in theory and actually supporting wind turbines in the landscape
(Damborg 1998). These differing views are in some ways extensions of underlying
values on how best to use the rural environment and landscape. The two perspectives
presented, the natura-ruralist and the utilitarian, here have long traditions in resource
management and land planning. The natura-ruralist perspective limits the extent of
acceptable development and values the idea that nature is intuitive, intangible and at
times even spiritual (Woods 2003). Though recognizing that rural landscapes have in the

19

past been modified by humans, new modifications should be strictly regulated. Projects
that introduce “large quantities of alien material of modern technology or that are out of
scale and alter the morphology of the landscape” are considered unnatural and out of
place (Woods 2003).
In comparison, the utilitarian perspective sees nature as definable, quantifiable
and able to be reduced to scientific representation (Woods 2003). Nature is wild but
resilient, and this resiliency provides the opportunity to harness natural resources for
human service, be it mining, agriculture or the generation of wind power. The decision to
support wind energy is divided generally along perspectives that want to preserve the
local environment and landscape and those that want to use resources to combat larger
concerns of renewable energy, fossil fuel dependence and climate change repercussions
(Woods 2003). Levels of wind project acceptance differ based on a variety of aesthetic
and economic issues. Community responses exemplify how modern society attempts to
incorporate renewable energy into their traditional natura-ruralist and utilitarian views
and values of the landscape.

I.3.2 Community Response
Even utilitarian perspectives are often second guessed in the face of a proposed
project. There is a difference between opposition as negative attitude and opposition as
actual behavior, such as acts of resistance against new developments. The Not-In-MyBackyard syndrome (NIMBY) is an example of how society theoretically or abstractly
supports wind energy but objections arise when a community is faced with the project in
their neighborhood. In studying the syndrome, Damborg (1998) found that NIMBY has
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the strongest effect in areas where there is no or very little knowledge about wind power.
With increased levels of information, public acceptance was found to increase.
Damborg’s study, known as the Sydthy Study, exposed three main trends. First,
as mentioned, the more that people know about energy generation and renewables, the
more positive about wind power they are. Second, distance to the turbines within a
community has no affect on people’s attitudes towards wind turbines in general, and
third, the number of turbines does not affect the community perception. The Sydthy
Study reports that community resistance to wind projects is usually not against the project
itself, but against the decision making method and the people or organization that want to
build the turbines. If in the decision making process, the local community is underrepresented, hostile attitudes are fostered against the developers, politicians or the
bureaucracy enforcing the projects. Higher involvement of local populations, a
transparent planning process, and high level of information were found to increase
overall project support.
Community responses to wind projects change not only with levels of
information, but from the initial to final stages of construction.

In Scotland, anticipated

problems from wind farm developments are significantly higher than actual experienced
problems (Glasgow Caledonian University 2007). Community acceptance is lowest
during the planning and construction phases and tend to increase after project completion
acceptance rates increase (Damborg 1998, Glasgow Caledonian University 2007).
A survey by City and Regional Planning at Cardiff University, Wales, studied
community response to various wind projects before and after construction. Support for
projects grew from 32%-74% in Taff Ely, from 36-61 in Rhyd-y-Groes, and from 65-
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76% in Llandianam (Owens 2003). In a similar study in Riverside County in southern
California, after construction of the first wind farm, two-thirds of the majority believed
that further development should be encouraged while a majority responded favorably and
supported development of wind energy. Only 35% thought that wind developments
diminished the value of nearby land (Pasqualetti 2001). It is important to note that the
Riverside example was one of the first wind farms in the US and less sensitivity was
given to aesthetics, site design and community involvement, which resulted in more
negative press than subsequent projects (Owens 2003).

I.3.3 Aesthetic Concerns
Aesthetic impact is continually cited as one of the main objections for wind
project development because of feared negative effects on property values and tourism.
The view from a piece of property is thought to influence value, but how is the value of a
view to be determined? As the view of a particular landscape is determined by the
cultural lens through which it is viewed, determining the aesthetic value and consequent
aesthetic impacts are community based and subjective (Owens 2003). Aesthetics is a
branch of philosophy that deals with the nature of beauty, art, taste and the creation and
appreciation of beauty (Owens 2003), and it is this foundation of aesthetics that make it
subjective, complex and open to debate, especially in comparison to most environmental
standards. In general, landscape is deemed valuable because of what it symbolizes for a
community. These characteristics complicate the aesthetic concern of wind farms.
Studies on the role of aesthetics in construction make two main points. First,
concepts of landscape beauty are not absolute and vary with time alongside changing
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cultural values. Second, elements engineered by humans should not be categorically
assumed to have an adverse impact on landscape aesthetics. The aesthetic opposition to
wind farms in grounded in the separation between nature and technology and assumes
that wind turbines are ugly, out of scale and alien to a landscape (Woods 2003). In
opposition to these views, some observers find wind turbines beautiful, majestic and
icons of nature and renewable energy (Woods 2003). The discussion again comes back
to the NIMBY disparity: communities with mountain views, which would be the
developable sites for wind development in many communities, highly value these views.
In western North Carolina, a study shows that 97% of participants agree or strongly agree
that mountain views are an important part of the quality of life. While a majority feels
that wind energy is clean energy and should be pursued, 92 % of people surveyed agree
or strongly agree that ridge laws that prevent buildings on the top of mountains are
important and 64% feel that electrical generation wind mills will harm mountain viewsheds (Groothius 2005).

I.3.4 Visual and Aesthetic Impacts
The visual and aesthetic impacts of turbines are one of the primary impacts of
wind power projects. The magnitude of objective aesthetic impact caused by wind farms
depends on visibility, color, continuity (Sibille et al 2002) and atmospheric scattering
(Bishop 2002). Color is the actual physical color of the turbine and the contrast with the
background and can be varied to better blend the turbines into the natural setting. Yet,
the human eye cannot determine color over long distances, only shades of darkness, and
in this situation light colored turbines appear closer than dark colored ones (University of
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Newcastle 2002). In general, tower components are colored off-white or pale-grey as
most towers are viewed against a skyline. Glinting and sun reflection from light colored
turbines is highly subject to small changes in the angle of perception and in some
research is not found to be a major source of impact (University of Newcastle 2002).
Visibility is largely determined by weather conditions and pollution levels.
Atmospheric scattering reduces the perceived contrast and overall visibility of the
turbine. Bishop 2002 found that sensitivity to changing atmospheric conditions is very
high: visibility greatly declines in hazy conditions compared to clear weather with an
absence of atmospheric scattering (Bishop 2002).
The character of the landscape in which a wind farm is constructed can also affect
the visibility of the turbines. In landscapes that were urbanized with manmade structures
visible on the horizon, wind farms were found to have less of a visual impact than
landscapes that were identified as more pristine and lacked manmade elements
(University of Newcastle 2001).

I.3.5 Economic Impacts
Stemming from aesthetic impacts, another major source of opposition to wind
development is the impact on property values. Existing studies contradict these worries
and conclude that the presence of commercial-scale wind turbines do not appear to harm
view-shed property values (Hoen 2006, Sterzinger et al 2003). A survey looking at data
from over 25,000 property sales across the US that were defined as being within a viewshed, i.e. within a 5 mile radius of the wind farm, from turbines installed between 19982001 found property values actually increased 87% of the time (Sterzinger et al 2003).
Another study looked at the Madison County wind farm in upstate New York, installed
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2001, which is comprised of 20 turbines. Visibility and distance calculations were used
to determine if there was an effect on property values due to the presence of wind
turbines: none was found (Hoen 2006). Though limited literature of the impact on
property values exists, current findings do not provide support to community resistance
based on property values.
Tourism is also cited as a potential economic concern in the face of wind project
development. The concerns which the tourism industry identifies include a decrease in
the number of tourists visiting an area and the impact on the views from existing
restaurants and accommodation. The fear is that these impacts will change demands and
prices paid for tourism related services in the area. A study conducted in Glasgow
evaluated the impacts of wind development on tourism, accounting for the following
factors:
1) the number of tourists traveling past en route to elsewhere
2) the views from accommodation in the area
3) the relative scale of tourism impact, i.e. local and national
4) the potential positives associated with the development
5) the view of tourist organizations and local tourist businesses
(Riddington et al 2007)
Results showed that wind farm development would have relatively small repercussions
on the tourism industry in Glasgow. Regarding general attitude towards wind farms,
results showed that 3/4 of tourists felt wind farms had a positive (39%) or neutral (36%)
impact on the landscape, while 25% were negative, including 10 % who were strongly
negative about the presence of turbines (Riddington et al 2007). Responses showed 68%
of tourists were positive about the statement "A well sited wind farm does not ruin the
landscape", with 12% neutral and 47% of tourists were positive about the statement "I
like to see wind farms", with 24% neutral (Riddington et al 2007). Compared to 10 other

25

structures in the landscape, wind farms received the lowest number of "no impact"
responses, and 93-99% of tourists that had seen a wind farm in the local area suggested
that the experience would not have any effect on their decisions to return (Riddington et
al 2007). The study surmised that any changes in tourism would be expected to be
displaced to other areas of Scotland, and the local effect on tourism should be considered
alongside other local impacts of the developments, such as any jobs created in the wind
power industry itself Glasgow.

I.3.6 Ecosystems and Disturbance
An ecosystem of a particular landscape is based on the complex interactions of
geomorphology, disturbances, landforms and the biota (Forman & Godron 1981). Every
ecosystem has a characteristic disturbance regime which is the sum of the frequencies,
intensities and types of individual disturbances. Disturbances affect distribution of
energy, mineral nutrients and species in relation to the ecosystem configuration.
The disturbance pattern associated with wind power projects and forested land is
most commonly internal line-corridor deforestation (Forman & Godron 1981, Zipperer
1993). These line corridors are classified as induced edges, or as abrupt, manmade
junctions between a deforested area and the natural habitat (Yahner 1988). Induced
internal deforestation, often associated with early stages of land development, starts from
within the forested area and progresses outward. This type of internal deforestation
within a forest matrix creates small isolated openings or perforations within a forest cover
and is the result of natural (i.e. fire, wind throw) or human disturbances. Line corridors

26

can be paths, roads, property boundaries, irrigation channels or utility corridors (Forman
& Godron 1981).

I.3.7 Area and Edge Effects
Two main effects from deforestation are area effect and edge effect (NRSCHC
2006). Area effects refer to fragmentation, which is the process by which larger,
contiguous forests are broken down into smaller and more isolated fragments. The total
area of forest interior in the landscape is related to both the total length of border and the
width of forest edge, and edge width is related to the height and structure of the forest
(Franklin & Forman 1987). An ecological edge is “the junction of two different
landscape elements”, either well-defined or as a transition zone (Yahner 1988, 334). The
edge effect produced by production of new edge forest refers to a difference in species
composition and abundance at the edge of a forest compared to the interior (Forman &
Godron 1981). The width of a forest edge is affected largely by angle to the sun and
prevailing wind, and the effect of these elements on forest composition varies greatly by
type of organism.
In general, there are three types of forest: near edge forest which is forest less
than 100 ft to an altered edge, far edge forest which is forest 100 to 300 ft to an altered
edge, and core forest, forest greater than 300 ft to an altered edge (NRSCHC 2006).
Area fragmentation and edge forest metrics that can be analyzed include area and
percentage of edge and interior forest, road density per acre, mean, median and maximum
distance to an altered edge or road (Conn 2003, NRSCHC 2006).
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I.3.8 Impacts on Flora
Terrestrial impacts of deforestation and edge effect include the irreversible loss or
degradation of habitat, changes in microclimate (specifically a more xeric or dry
microclimate), reduced water quality and increased flooding (NRSCHC 2006, Zipperer
1993). Edge forest is structurally different from core forest as edge habitat is affected by
many of the same attributes of fragmentation, i.e. is subject to greater amounts of air,
water, noise and light pollution, and increased frequency of disturbance due to direct
contact with humans (NRSCHC 2006). Changes in vegetation were found along the
edges or power-line corridors, with greater reproduction indicated by higher mean density
and basal area of tree seedlings and saplings, as well as distinct community shifts towards
shade-intolerant species (Luken et al 1991). Alterations in the availability of light
penetration and microclimate changes extended 10 to 15 meters into the adjacent forests
(Luken et al 1991). Not only were impacts felt from the initial impact of clearing for
corridor construction but also from the periodic maintenance of corridor vegetation to
reduce interference with line function and accessibility. Maintenance included both
cutting and mechanical mowing on a 5 to 10 year management cycle, repeatedly altering
the habitat in and along the corridors.

I.3.9 Impacts on Fauna
The effects of edges on wildlife have been studied in several ways, ranging from
comparing nest distributions and territory ranges to incidences of predation and
parasitism relative to the edge distances (Yahner 1983). The relative impact of an
induced edge is dependent upon type of introduced vegetation. Edge effects may be
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minimal if the introduced edge vegetation is present in other places in the forest matrix
(Yahner 1983). The biotic impacts of fragmentation can include decreases in native
biodiversity and a higher density of shade-intolerant species, increased nest predation,
brood parasitism and changes in food availability (Zipperer 1993).
The creation of edge conditions often occurs at the expense of interior conditions
thereby reducing biodiversity on a larger scale. Contiguous forests contain less edge than
the same area of smaller fragmented forests. Species loss due to edge conditions and
fragmentation may be the result of unsuitable changes in the microenvironment,
competition with new invasive species, or an insufficient total area of suitable foraging
habitat (Franklin 1987). Edge species are those that perform most activities in the
habitat near the forest edge and which prosper in the edge habitat (Yahner 1983). Edge
species may inhabit the edge forest all year long, seasonally, or for only certain parts of
the day. Conversely, forest interior dwelling species (FIDS) are species known to require
habitat conditions in the interior of forests for optimal reproduction and survival. Avian
communities, for example, acutely feel the effects of edge forest creation as the removal
of over-story vegetation creates new habitat and changes the range of species which find
the habitat suitable. For avian populations, the edge effect can extend as far as 600m into
forest interior habitats (US Energy Research and Development Administration). Changes
in ground level vegetation alter the territories of ground level foraging animals reducing
their predation efficiency (Yahner 1983). Interior forest is essential in preserving a stable
forest ecosystem. The amount of forest interior and FIDS habitat are often used as a
metric to determine the extent of deforestation.
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Part II: Case Study
In North Carolina, utility scale wind potential is only found in the western
mountains and offshore (see Map 1 in Appendix). The Nantahala and Pisgah National
Forests have been identified as two of the top 25 national forests having potential for
wind power development (Karsteadt et al 2005). In 2005 the National Renewable Energy
Laboratory (NREL) released a report assessing the potential for renewable energy on
national forest system lands. The projected assessed wind power, distance to utilities and
specially designated areas and identified National Forest and Grasslands that have the
highest potential for development by industry of power production facilities. National
Forests in North Carolina were found to have 34,707 acres of land with suitable wind
classes and a maximum development potential of 702 MW (Karsteadt et al 2005). It is
for these reasons that the Nantahala and Pisgah Forests were chosen as for the case study
of this analysis. The Croatan and Uwharrie National Forests do not have utility scale
wind resources and were not included. The following section details the geospatial
analysis methods and results for potential wind development on the Nantahala and Pisgah
National Forests.

II.1 Geospatial Analytic Methods
II.1.1 View-shed Analysis
Research on visual impacts most commonly does so through a geospatial viewshed analysis. Terrain and surface shape dramatically affect which parts of a surface are
visible. View-shed analysis determines the area within sight of a given a location A
view-shed analysis is useful for determining how visible a constructed element like a
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wind turbine is from surround areas (ESRI 2008) and is based on the idea of a visual
threshold. A visual threshold is the maximum distance at which an object can be seen
and this distance is highly dependent on topography (Shang and Bishop 2000). For
example, an object on a flat plain can be seen from all directions, while an object in
mountainous terrain may be visible only from certain directions. Using GIS, a view-shed
analysis result is a binary visible/not visible representation for the area surrounding the
object, where if the object is visible the area is assigned a value of 1, while if there is an
obstruction and the object is not visible, the area is assigned a value of 0.
Moller 2007 found that wind turbines become practically invisible at distances
greater than 10 kilometers (6.2 miles) due to slender construction, atmospheric haze and
the Earth’s curvature which reduce long distance visibility. This paper incorporated
distance decay of visibility and attributes this inclusion to determining a threshold value.
A 2003 report by the Renewable Energy Policy Project conducted an extensive literature
review in defining visual threshold as part of a project studying the impact of turbines on
property values. A view-shed with a threshold cutoff of 5 miles was determined to be a
fair estimate of affected lands. This value was based on a US Department of Agriculture
handbook called “National Forest Landscape Management” (Sterzinger et al 2003) which
states that objects five miles away little texture or detail are apparent and objects if
visible at all, objects are viewed mostly as patterns of light and dark (Sterzinger et al
2003).

II.1.2 Spatial Decision Support Systems
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GIS techniques have useful application for landuse management and suitability
planning. Suitability analysis applies to a wide range of activities including
environmental impact assessment, regional planning, and facility site selection. Visual,
ecological, economic and social impacts can be translated into geospatial terms and
evaluated spatially using a Spatial Decision Support System (sDSS), which can be a
powerful tool for environmental planning. The goal of a sDSS is to facilitate higher
levels of effectiveness in decision making processes, such as in spatial planning for land
use decisions(Lejeune and Feltz 2008; Hansen 2005) and is generally broken into three
phases: the intelligence phase, the design phase and the choice phase (see Figure 1)(
Ozen, Sireli and Kauffmann 2003). Geospatial analysis is the backbone of the
intelligence phase of a sDSS which includes problem definition, constraints and
evaluation criteria. The design phase incorporates decision makers’ preferences and the
choice phase consists of a sensitivity analysis and optimization of the results.
Figure 1. Spatial Decision Support System Flow

(Ozen, Sireli and Kauffmann 2003)
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A sDSS for landuse suitability aims to identify the most appropriate spatial
distribution for land uses according to specific requirements, preferences or predictors of
activity (Malczewski 2004). Map overlay is a common technique for assessing
suitability. Constructed in the intelligence and design phases, a suitability overlay is
created by adding together different layers of suitability variables to represent cumulative
costs. A Boolean overlay inputs standardized constraint layers and results in classifying
areas as suitable for a particular landuse based on threshold values.
Lejeune and Feltz (2008) developed a decision support system for southern
Belgium to aid in wind energy policy using geospatial techniques. This system used a
database of 40 geospatial landscape and environmental criteria reclassified into three
constraint levels:
-Exclusion: the installation of wind turbines should be prohibited
-Highly sensitive: although it is theoretically prohibited to install wind turbines, a
derogation may be granted so long as an impact study demonstrates that
the stated constraint does not exist at the exact location of the site
proposed for the wind turbine.
-Sensitive: authorization for building a wind turbine is conditional on a detailed
impact study on the stated constraint.(Lejune and Feltz 2008)
Boundaries of each of the sDSS’s criterion were buffered to form a constraint zone,
reflective of the fact that constraint effects are higher in the proximity of the feature and
diminishes in proportion to the feature’s distance to wind turbines (Lejeune and Feltz
2008). Buffer distances and constraint assignments were determined by quantitative
(technical and regulatory requirements) and qualitative (visual impact) considerations.
Each constraint level was assigned a weight and used to create a final suitability map for
the study area.
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Buffer distances and constraint assignments were determined by quantitative
(technical and regulatory requirements) and qualitative (visual impact) considerations.
Assigning variable weights and constraint levels is one of the most difficult and critical
aspects of sDSS’s, and also the most interpretative (Hansen 2005). Weights are assigned
using expert knowledge and common sense for the type of project. Even considering this
source of uncertainty and interpretation, sDSS’s provide a useful methodology for
addressing spatial planning concerns and are the basis for the analysis of the Nantahala
and Pisgah National Forests in this paper. This analysis incorporates geospatial analysis
in the intelligence and design phases of an sDSS to provide a methodology for evaluating
wind energy development projects.

II.2 Case Study Methodology
II.2.1 Data Preparation
All files were imported into ArcMap, and were projected using
NAD_1983_UTM_Zone17. Raster files were imported to 30 by 30 meter cell size and
clipped to the extent of the seamless server elevation data layer. The following methods
describe the creation of ridges, the creation of cost surface variable layers which
influence turbine siting, and the analysis processes of site suitability from the cumulative
cost layer.

II.2.2 Ridge Creation
Step one was to select all areas except those with wind potential of ‘poor’ and
‘marginal’, wind power potential classes 1 and 2. The windpower potential data provided
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by the NC One Map and values given are at 50 m hub height. Table 1 shows the
breakdown of wind-power potential over the study area. Only classes 3 and above were
used in this analysis.
Table 1. Wind Power Potential
% of Total Area of Nantahala Pisgah National
Forests
Class
1
2
3
4
5
6
7

Potential
Poor
Marginal
Fair
Good
Very Good
Superior
Excellent

Wind Power
Density (W/m^2)
LT 200
200-300
300-400
400-500
500-600
600-800
GT 800

Total

Private
78.3%
12.2%
4.9%
2.1%
1.1%
0.8%
0.6%

Public
89.7%
6.2%
2.2%
0.9%
0.5%
0.3%
0.3%

28.2%
38.6%
16.9%
7.6%
3.8%
2.8%
2.0%

The majority of wind class 3 and greater on public lands in the Nantahala
National Forest is class 3, which is fair potential for development. Figure 2 shows the
breakdown of wind class 3 or greater on public land in the study area.
Figure 2. Area of Utility Scale Wind Potential

Utility Scale Wind Potential on Public Land in the
Nantahala and Pisgah National Forests
6%

Fair

9%

Good
Very Good

12%
50%

Superior
Excellent

23%

The polygon wind power potentials are based on the national model and have
relatively crude local values because they are based on coarse scale elevation
information. Because of this, sometimes windy areas are skewed from ‘real crests’. To
account for this the wind selections were buffered by 300 meters and this output clipped
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to the hydrologic unit code 14 (HUC-14) which represents watershed boundaries, such as
ridges. This process isolated ridge segments with high wind power potential.
The final ridges were created by overlaying the ridge segments over a high
resolution topographic 7.5 minutes USGS map projected in the same UTM zone 17. For
each clipped HUC boundary segment it is necessary to clean up where watersheds divide
, cut off side branches and extend arcs along ridge lines to make sure the ridge segments
are only on tops of ridges. The wind data may identify suitable areas down-slope from
ridge crests but these areas are not developable because there less powerful winds at
lower heights and increased turbulence negatively affect turbines higher up on ridge.
Side ridges are acceptable only if the ridge is several hundred meters (greater than 800
meters) from the main ridge.
Each ridge was then made into one unique line feature with its own unique ID
code. An attribute was added representing the direction of the ridge ( North/South,
East/West, and Northwest/Southeast or Northeast/Southwest). Ridges were selected
based on their direction attribute which was used to determine the spacing between
turbines using a General Electric 1.5 Mega-Watt turbine, with a rotor diameter of 77
meters (Rosenbloom 2005). As previously mentioned, turbine placement and project
design depend on ridge direction and spacing is calculated by number of rotor diameters.
In North Carolina, the prevailing winds blow west to east, and Table 2 shows the spacing
values used in estimating turbine location.
Table 2. Turbine Spacing Distances
Direction of Ridge
N/S
W/E
NW/SE or NE/SW

# of Rotor Diameters
2
5
3.5

Turbine Spacing (m)
154
385
269.5
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With the turbine locations and ridges, buffers can be applied to represent areas cleared for
construction. For the turbines this meant circles with a radius of 30.8 meters and for the
ridges, 6 meters on each side of the ridge, based on requirements of similar size projects
on Forest Service land (Paulson 2008). A 300 meter buffer of the deforested area
simulates the amount of edge forest created for each ridge (see Figure 3). The ridges and
deforested information will be applied to the most suitable ridges according to the cost
surface analysis to evaluate terrestrial impact.
Figure 3. Ridges and Deforestation and Edge Forest Creation

II.2.3 Cost Layer Creation
The variables included in the geospatial analysis are based on the industry
requirements and associated impacts previously discussed. Cost layers were created for
each variable influential in turbine siting, such as construction requirements, existing
infrastructure, wind power potential, land designation and ownership, environmental
variables and North Carolina development regulation (see Maps 2-7 in Appendix). Each
variable was converted to a raster with 30 by 30 meter cell size and reclassified according
to cost, with higher costs representing areas that are less favorable or inappropriate for
development, and lower values are areas with development potential. Assigned values
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range from 0 to 10,000 and are grouped according to the Lejune and Feltz(2008) scale
previously described. Values from 0 to 50 represent what Lejeune and Feltz (2008)
define as having “no constraint”. Within the range, the most ideal or constraint free areas
are represented by a value of 0, where values ranging toward 50 are still developable but
may be less ideal than areas with lower values. Values of 75 indicate “sensitive areas”
which would require detailed impact study based on the constraint (Lejeune and Feltz
2008), 100 represents “highly sensitive” areas and values of 10,000 represent areas of
“exclusion.” These layers were then used to create a final cumulative cost raster for
development potential (see Figure 4).
Figure 4. Geospatial sDSS Methodology
Variables

Variables Cost Surfaces
Construction

Wind Potential

Cumulative
Cost Surface

Environmental

Land Designation/
Ownership

Construction requirement variables include existing roads, power lines and
substations. As previously mentioned, construction costs dictate distance requirements to
these existing structures, and variables close to the project site are less expensive to

38

access than those farther away (Table 3).

Slope impacts construction and areas with

slope less than 20% are desirable. Slope was created from the elevation layer and a
conditional statement used to isolate areas of 20% slope and less. Existing infrastructure
also includes trails running throughout the park. In this study area this includes the forest
trails as well as the Appalachian Trail, which runs through the northwest section.
Setback distances were calculated using the Euclidean distance tool. As safety measures,
setback distances vary by type and county. Using the General Electric 1.5 MW turbine
with a height of 225 meters, setback distances for trails and roads are typically 225
meters (1 turbine height) and 355 meters (1.5 turbine height) respectively (Rosenbloom
2005).
In the proposed Forest Service wind energy directive, a Scenery Management
System (SMS) would be used to assess the value of scenery in the project area, the
experience scenery provides relative to competing resource demands, and the impacts to
scenery associated with project construction and operation (U.S. Forest Service 2007).
Amendment 5 of the Nantahala and Pisgah Forest Management Plan specifically
references the importance of maintaining the scenic views of the forest. To account for
these requirements a view-shed analysis was performed along the Blue Ridge Parkway
and the Appalachian Trail to determine which ridges were within line of sight. Objects
further then 5 miles away have minimal visual impact and a 5 mile threshold was applied
to the view-sheds (Sterzinger et al 2003). View-shed areas were assigned high cost values
while areas out of view low values.

Table 3. Construction Variable Assignments
Construction/ Infrastructure
Variables
Attribute
Percent slope
Slope > 20%

Reclassified
cost
75

Constraint Level
Sensitive
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Roads

Blue Ridge Parkway

Utilities
Trails
Appalachian Trail

Blue Ridge Parkway View-shed
Appalachian Trail View-shed

Slope < 20%
Distance < 40 Meters
Distance 40 – 7,000
Meters
Distance > 7,000 Meters
Road
Road Set Back
Non-Road
Distance < 7,000 Meters
Distance > 7,000 Meters
Distance < 225 Meters
Distance > 225 Meters
Trail
Trail Set Back
Non-Trail
View-shed within 5 miles
Non View-shed Area
View-shed within 5 miles
Non View-shed Area

0
100

No Constraint
Sensitive

0
75
10,000
100
0
100
0
75
0
10,000
100
0
100
0
100
0

No Constraint
Sensitive
Exclusion
Highly Sensitive
No Constraint
Highly Sensitive
No Constraint
Sensitive
No Constraint
Exclusion
Highly Sensitive
No Constraint
Highly Sensitive
No Constraint
Highly Sensitive
No Constraint

Wind power potential is an important variable. And the higher the wind class, the
more power produced. High wind classes were given low cost values, and lower wind
classes higher costs (Table 4). The number of turbines that fit on a ridge is also a factor
in determining ridge power capacity, and ridges were ranked in terms of their turbine
number as derived from the ridge creation analysis, from 2 turbines to 229 per ridge to
account for generation potential previously mentioned.

Table 4. Wind Potential Variable Assignments
Wind Variables
Wind Power Potential (w/m^2)

# of Turbines/ Ridge

Attribute
Potential < 300
Potential 300-400
Potential 400-500
Potential 500-600
Potential 600-700
Potential 700-800
Potential > 800
2 to 10
10 to 35
35 to 50
50 to 100

Reclassified
Cost
100
30
20
10
5
5
0
20
15
10
5

Constraint
Level
Highly Sensitive
No Constraint
No Constraint
No Constraint
No Constraint
No Constraint
No Constraint
No Constraint
No Constraint
NNo Constraint
No Constraint
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100 to 229

0

No Constraint

The study area consists of Forest Service land as well as private in-holdings and
consequently, ownership is an important variable to consider. Land designation refers to
federally designated areas such as roadless areas, which have specific restrictions for
construction, as well as Wild and Scenic Rivers, Wilderness Areas, Wilderness Study
areas, etc and private ownership (Table 5). For private ownership, turbine setback
distance to property lines must be considered. Like roads and trails, property setback
distances vary by county but a common setback is 1.5 times the overall turbine height
from a property line (Larwood and van Dam 2006), and again using the General Electric
1.5 MW turbine the setback distance is 355 meters (Rosenbloom 2005). This buffer was
applied to all private land boundaries using a Euclidean distance tool.

Table 5. Land Designation Variable Assignments
Land Designation Variables
Inventoried Roadless Areas

Attribute

Reclassified
cost
10,000
0
10,000
10,000
10,000
10,000
10,000
0

Constraint Level
IRA
Exclusion
Non-IRA
No Constraint
Specially Designated Areas
ERNA
Exclusion
NWS
Exclusion
WSA
Exclusion
NWS
Exclusion
OCD
Exclusion
Non-Designated
No Constraint
Private Land
Private Land with
100
Highly Sensitive
Setback Buffer
Public Land
0
No Constraint
Constraint Level: EX = exclusion. HS = highly sensitive. SE = sensitive. NC = no constraint.

Environmental variables considered are known habitat of protected species,
wetlands and tree cover percentage (Table 6). Because of previously described
ecosystem impacts, it would be beneficial to minimize areas deforested for turbine
construction. Consequently, non-forested ridges would be preferable over forested areas.
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Tree cover was determined from the landcover layer which was reclassified with tree
cover as a value of 100, and non-tree cover, (barren, grasslands, exposed rock) were
given values of 0. Even though ecological impacts still exist with these non-tree cover
landcover types, they do not involve the creation of edge forest.
To meet the required wetland identification, the Deerfield project instituted a
restricted area buffer of 100 ft around the designated areas(Bayer 2008). Similarly, in
this analysis wetlands were reclassified on the Deerfield buffer requirement as they are
unsuitable locations for development (Bayer 2008) and given high costs.
The Forest Service wind energy directive addresses wildlife management through
“species of management concern”. These are identified as “Federally listed threatened
and endangered species, candidates for listing as threatened or endangered, Forest
Service species of concern, species of interest, species of high public interest, and
management indicator species, any one or more of which may include species of wildlife,
fish, or rare plants”( FR DOC E7-18715 2007). Section 72.31e Wildlife, Fish, and Rare
Plant Considerations proposes that development avoid locating all stages of wind energy
development in sensitive habitats or in areas where ecological resources are known to be
sensitive to human activities. This analysis includes habitat of two threatened bird
species, the Alder Fly Catcher and Hermit Thrush, to address this requirement. Habitat
was limited to areas larger than 20 cells to eliminate random isolated pixels that were
unrealistic habitat sizes. Bird habitat has high cost while non-habitat low cost values.

Table 6. Environmental Variable Assignments
Environmental Variables
Wetlands
% Tree Cover *

Attribute
Wetlands
Non-Wetland
Existing Tree Cover

Reclassified
cost
10,000
0
100

Constraint Level
Exclusion
No Constraint
Highly Sensitive
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No Tree cover
Threatened Species Habitats
Adler Fly Catcher
Hermit Thrush

Habitat w/ 150 Meter Buffer
Non-Habitat
Habitat w/ 150 Meter Buffer
Non-Habitat

0

No Constraint

100
0
100
0

Highly Sensitive
No Constraint
Highly Sensitive
No Constraint

*Cost Range 0-100

Development in the mountains of North Carolina must also comply with the
Ridge Protection Act, and this limits the number of ridges open to wind project
development (Table 7). As previously discussed, protected ridges are all ridges over
3,000 ft and that rise 300 m above the adjoining valley (“Mountain Ridge Protection
Act”). Ridge/valley difference was determined by assigned valleys and ridges elevation
values with the Euclidean allocation tool and subtracting the value of surrounding valleys
from the lowest ridge crest value. A conditional tool was used to determine areas above
the elevation minimum and these areas used to clip the valley difference values.
Table 7. Policy Variable Assignments
Policy
NC Ridge Protection Act

Attribute
Protected Area
Non-Protected Area

Reclassified
cost
10,000
0

Constraint
Level
Exclusion
No Constraint

The suitability analysis was performed both including and excluding the
Mountain Ridge Protection Act. Suitability analysis excluding the law models a scenario
of an amended ridge development policy. Basis for potential exclusion is from a
decision made regarding turbine construction by the Tennessee Valley Authority (TVA)
in 2002. With a similar statute as North Carolina’s Mountain Ridge Protection Act,
Johnson County, TN was the location of site of a proposed turbine. In the EIS, the TVA
concluded that the Johnson County ridge protection act would not prevent the
construction of wind turbines, a viewpoint supported by the Johnson County Board of
Commissioners (Zeller 2003). The proposed project was small, with a capacity of only
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20 megawatts from 14 to 16 turbines, and this may have been a deciding factor
determining project support.

II.3 Cost Surface Prioritization Results
Maps 8 – 11 in the Appendix show the variable inputs and the reclassified cost
surfaces for each constraint. These cost layers were then combined to create a cost
surface for each variable set, and then one final cumulative cost surface using the single
output map algebra tool (Malczewski 2004). A map algebra tool processes spatial data
layers as variables in algebraic equations, which in this analysis was a sum. Table 8 and
9 show the constraint area for each variable set and the cumulative cost surface.
Table 8. Study Area Constraint Amounts
Constraint
No Constraint
Sensitive
Highly Sensitive
Exclusion

Environmental
11.55%
82.90%
5.53%

Variables % of Total Study Area
Land Designation
Wind
Policy
26.35%
0.36%
88.94%
64.44%
9.21%

Table 9. Study Area Constraint Level Amounts
Constraint Level
Area of Constraint (ha)
No Constraint
6.12
Sensitive
1.26
Highly Sensitive
838993.68
Exclusion
162573.84

99.64%
11.06%

Construction
12.12%
32.29%
53.68%
1.92%

% of Total Study Area
0.0006%
0.0001%
83.77%
16.23%

(This excludes the Policy Variable)
Higher cumulative costs indicate ridges with more potential restrictions or
exclusionary areas, while lower costs indicate less sensitive or no constraint areas more
suited for development. Figure 5 shows the cumulative cost surfaces.
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Figure 5.Cumulative Cost Surface Map

In total, there are approximately 687 miles of ridges with wind class of 3 or
greater in the in the Nantahala and Pisgah National Forests. Private ownership has the
largest influence on ridge availability within the study area, excluding 48.86 % of ridges.
Specially Designated Areas (SDA) such as wilderness and scenic rivers and inventoried
roadless (IRA) areas affect a relatively small section of ridges, 7.42 % and 8.64%
respectively. Figure 6 shows the land designation variable cost surfaces.
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Figure 6. Land Designation Cost Surface Map

Visual resources were also addressed in the forests’ Management Plan and in this
analysis were included in the construction variables (see Figure 7). About 111 miles of
the Blue Ridge Parkway pass through the study area and the view-shed impacts at least
part of 24% of ridges. 123.85 miles of the Appalachian Trail pass through the study area
and the view-shed impacts 34 % of total ridges. Not considered in this analysis were the
two scenic highways within the Nantahala National Forest because no geospatial data
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was available, but inclusion of these variables would increase constraint levels in the
surrounding areas.
Figure 7. Construction Variable Cost Surface Map

The environmental variables as identified by the Forest Management Plans have a
large impact on development potential and represent large areas that are highly sensitive
to development. Forested area covered 86% of the study area. All ridges were located at
least in part in forested area. Wetlands cover 1% of the study area and are constraining
features for 3.5 % of ridges. Critical habitat covers 1.5% of the study area constraints
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10.4 % of ridges. Under the cumulative environmental variables, only 11.55% of the
study area was categorized as unconstrained and all of the ridges are at least partially in
areas of high sensitivity or exclusion for the environmental variables. Figure 8 shows the
environmental variable cost surfaces.
Figure 8. Environmental Variable Cost Surface Map
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Table 10 shows the area of constraint classes of the cumulative surface including
the policy variable.
Table 10. Policy Variable Constraint Amounts
Constraint Level
Area of Constraint (ha)
No Constraint
2.97
Sensitive
0.18
Highly Sensitive
744207.66
Exclusion
257364.09

% of Total Study Area
0.0003%
0.0000%
74.30%
25.70%

Inclusion of the policy variable, The Mountain Ridge Protection Act, excludes
development on 211 miles of ridgeline, 31% of the ridges and increases the total area of
exclusionary area from 16.23% to 25.70%. Figure 9 shows the cumulative cost surfaces
including the policy variable.

49

Figure 9. Policy Variable Cost Surface Map

Values from the cumulative cost surface were then applied to the potential ridge
and turbine files. Turbine points were assigned the value of the cost surface at that point.
All turbines over 10,000 were then culled. The remaining points where then dissolved
along their ridge ID number and the average value for each ridge was determined. This
final average is the average suitability for the ridge area excluding all areas with
suitability values corresponding with exclusion constraints. Because longer ridges have
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greater opportunity to cross constraints, average cost per meter was calculated and this
value used to identify most suitable ridges. The ridges with the 10 lowest overall
suitability costs per meter were run through the deforestation and edge forest creation
model. The results are shows in Table 11.
Table 11. Ridge Suitability and Disturbance Amounts
Ridge Suitability Costs
Ridge
Length
Minimu
Mean
Cost/
(Meters) m Cost
Ridge ID
Cost
Meter
50
370.75
0.0146 25463.50
105
142
436.25
0.0192 22761.72
120
89
616.53
0.0211 29177.05
105
26
597.05
0.0225 26547.05
210
34
243.18
0.0226 10757.23
225
127
199.00
0.0243
8176.49
115
35
333.89
0.0348
9586.22
205
66
433.33
0.0375 11545.63
125
33
249.65
0.0381
6552.73
15
36
442.36
0.0426 10392.05
125

Maximu
m Cost
20280
10595
10580
10760
600
10315
10680
570
460
495

Deforested
Area Ha
65.2025
80.76
74.5375
40.93
38.19
21.15
16.995
40.93
16.995
37.0675

Edge Forest
Created Ha
613.89
591.12
697.95
302.58
281.43
200.07
235.53
302.58
161.1
270.18

These results demonstrate the impact of ridges identified as suitable on terrestrial
ecosystems. Further analysis for each suitable ridge would investigate the impact of
these edge effects on nearby sensitive ecosystems. Deforestation and edge creation
impacts could potentially affect a variety of ecosystems services such as biodiversity or
carbon sequestration, and further evaluation of these resources may be necessary in sitespecific turbine design (Krueger et al 2008).

II.4 Discussion
Though the need for renewable energy sources is strong, there are areas that are
inappropriate for development due to unique or sensitive resources, and the results of this
analysis emphasize this fact. The cumulative cost layer surface projects that development
of wind turbines in the Nantahala and Pisgah National Forests faces many constraints.
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This analysis found 18% of total area classified as exclusion area and 83% as highly
sensitive, effectively restricting development. Inclusion of the policy variable has a large
impact on wind development potential in the Nantahala and Pisgah National Forests.
Development potential is limited, with 26% subject to exclusion classification and 74%
highly sensitive. The Mountain Protection Act may have an even larger impact on total
developable wind energy in North Carolina. North Carolina enacted its Renewable
Energy and Energy Efficiency Portfolio Standard (REPS) in 2007, to which wind energy
could positively contribute. While the cumulative effect of the Mountain Ridge
Protection Act on wind power development throughout western North Carolina is
unknown, if these results are representative, then the policy could inhibit North
Carolina’s potential for renewable energy development.
Consideration of the ambiguity of the Mountain Ridge Protection Act and the
individual county wind energy ordinances might suggest a re-evaluation of the intention
of the “windmills” exclusion. Intended to protect the aesthetic values, the Mountain
Ridge Protection Act does not account for modern turbine construction and visibility
analysis, which allow for better project siting and landscape incorporation, or the
importance of REP and clean energy production. Yet, private industry development like
ski resorts and high-rises could use a re-evaluation of the act as an opportunity for further
exemption. The topic would need a careful approach to address renewable energy
development while still protecting the original intention of the act.
Wind development on the Nantahala and Pisgah National Forests, as well as on all
National Forests, is complicated and constrained by current management practices.
Clarification on Forest Service agency objectives and standards would aid in assessing

52

development impact and suitability analysis.

For example, clearly defined visual

resources, impacts and visual thresholds would aid in determining site suitability and
project design. A similar system to the BLM’s VRM classes is one potential way of
addressing concerns of ambiguity. In this analysis, all variables were equally weighted.
Agency definition of variable importance and weights for analysis would make suitability
analysis more accurate in terms of Forest Service objectives.
Wind development is contingent on a multitude of environmental and landscape
variables, only some of which this analysis addressed. The results from this analysis are
not a prediction of turbine development, but a projection of potentially suitable areas and
areas where development is not suitable. The overall high suitability costs represent the
obstacles that wind development on Forest Service land faces. There exists potential for
improvement of the geospatial process in a variety of ways, depending on the scope and
scale of the project. More refined and updated data sets would improve the reliability of
the projections. After a preliminary assessment such as this, more detailed analysis
would be necessary to evaluate ridge suitability for development on a micro scale. This
level of research would need to address topics such as soil type and erosion potential,
riparian area impact, estimations of ridge net energy production, density of population
and private buildings and accessibility of access roads. As mentioned, evaluation of
ecosystem services could also be incorporated in the weighing the impacts of wind
development.
Assigning constraint values and weighing variable importance is one of the most
subjective and interpretative aspects of suitability analysis. The basis for these
assumptions comes from a review of existing literature and incorporation of expert
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knowledge for all of the variable types would improve the analysis.

Inclusion of

developer knowledge of specific construction and infrastructure analysis would also be
useful.

Part III Conclusion
Renewable energy projects will need to be designed, authorized, sited and
monitored to ensure they balance the need for clean energy with protection of natural
resources and services, especially on public lands. It is also important to consider that
wind development is not appropriate in all locations and the constraints of a particular
location may render development improper. When finalized, Forest Service wind energy
policy will be a major determinant of the agency’s role as a renewable energy producer
and the extent to which this affects public lands. Yet the Forest Service still has much
progress to make in constructing wind energy policy: initial public reception of the
proposed Forest Service wind energy directive was not entirely positive. The American
Wind Energy Association states that “the directives drafted by the US FS to guide wind
energy development should allow for wind development rather than unduly hinder it, and
this draft should be overhauled to better account for the wind energy project development
process”(AWEA 2008). Similarly, the Wilderness Society commented that in issuing the
directive, “the Forest Service has failed to follow proper procedure….without
accompanying analysis under NEPA in the form of a PEIS”(Krueger et al 2008).
In choosing a directive over a PEIS, the Forest Service requires developers and
field offices to evaluate projects case by case. Those opposing the directive warn that it
will result in inconsistent requirements for wind energy projects, set a negative precedent
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for other permitting authorities in the US and potentially make USFS land economically
infeasible for hosting wind energy projects. The Wilderness Society states that the vague
language of the directive “sets a low bar for compliance” and AWEA sees the purposed
process as time consuming, expensive and counter to Executive Order 13212, which
seeks to expedite energy production measures (AWEA 2008). AWEA also raised
concerns that unlike the BLM PEIS, the proposed directive does not re-address existing
land use management plans. Therefore, the weight of Forest Service scenic and
recreational values in management plans may make it impossible to maintain scenic
quality. According to AWEA, “USFS should seek a balance between any potential
aesthetic impacts with the environmental benefits of wind power in terms of global
warming and reduction of emissions”(AWEA 2008).
Because of the complexity of monitoring, permitting and development, agency
policy must be explicit in establishing regulation and assessment processes to facilitate
wind energy evaluation. If formatted more similarly to the BLM programmatic EIS, the
Forest Service proposed directive could better address regional issues so that subsequent
project-specific approval efforts could focus on local issues, as suggested by the 2008
NREL National Forest renewable energy assessment and supported by the Wilderness
Society. In processing wind energy projects through field offices on a case by case
basis, the directive does not promote agency consistency in evaluation. Creating a more
exhaustive directive or programmatic EIS based on the BLM’s programmatic best
management policies (Karsteadt et al 2005) would support the expansion of the
knowledge base surrounding wind project development, limiting the potential for
duplicate analyses.

These actions would ensure consistency and legitimacy through a
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science based decision-making process and reduce controversy through public
engagement.
The BLM PEIS encourages the use of GIS for assessing visual resources and
expansion of this idea could include an sDSS for wind development. An sDSS for wind
energy would not be unprecedented as the Forest Service already utilizes spatial decision
support tools. sDSS’s are used for a variety of purposes, from modeling forest planning
trade-offs in response to fire (Butler 2005) to analyzing national environmental threat
assessments (Brewer 2008). Often referred to as Multi-Criteria Decision Support
Systems and Spatial Decision Support Tools within the agency, the goal of these projects
is the same: to spatially analyze natural resources in terms of management options,
development, and threat response and mitigation.
A wind energy sDSS could address many of the concerns raised over the
proposed wind energy directive and unify Forest Service project evaluation without the
development of a PEIS. As previously mentioned, clarification as to what specifically
constitutes a significant impact to visual resources would facilitate field office
consistency regarding project permitting. An sDSS could incorporate viewshed
threshold analysis and produce visual simulations to inform decisions on color
requirements, minimizing landscape impact and addressing one of the most controversial
impacts of turbine construction, the visual impact.
Lejeune and Feltz’s (2008) sDSS provides an interface to manipulate constraint
buffers and analyze the impact of different sets of criteria on suitable areas. Similarly,
basis for a decision support system for the Forest Service could be general agency
principles and federal regulations, allowing flexibility to incorporate regional forest
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management directives. Agency wide decisions on variable input and general weights of
variable importance would promote consistency. For the Forest Service an sDSS could
provide this consistency and comparable project analyses while encouraging wind energy
development through efficient and expedited authorization processes.
This analysis suggests that a consistent method of wind development proposals
will facilitate the decision making process and ensure compliance with federal and
agency regulations while addressing direct, indirect and cumulative impacts of
development. Wind energy development projects must represent a synthesis of
environmental and economic impact analysis, construction requirements and community
reaction. For the Forest Service an sDSS could provide consistency and comparable
project analyses while encouraging wind energy development in the most suitable areas.
An sDSS could also be an effective form of communication and would bring
transparency to the siting and approval process of wind energy project.
For the Forest Service, an sDSS is a tool that allows for geospatial planning,
implementation and evaluation. The suitability methodology from the Nantahala and
Pisgah National Forests case study is a potential basis for an sDSS and can be used in
impact analysis, alternative scenario modeling, monitoring and adaptive management
implementation. This process accommodates variation in priority setting and assessment
of different regulation schemes within goals as defined by the agency and if incorporated
into Forest Service policies would address many of the controversial and ambiguous
aspects of current policy. As the number of wind power proposals on Forest Service land
increases, the ability of regulation to address the multitude of concerns associated with
wind energy development is integral for maintaining support and positive perceptions of
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wind energy. The DOI has taken initiative to identify renewable energy zones suitable
areas for development, and the analysis and methodology presented here is one approach
for the Forest Service to begin taking steps to do the same.
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(NREL 2008)

Map 1. Wind Potential in 5orth Carolina
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Map 2. Land Designation Variables A

Map 3. Environmental Variables A
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Map 4. Wind Power Potential in 5antahala and Pisgah 5ational Forests

Map 5. Construction Variables A
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Map 6. Construction Variables B

Map 7. Policy Variables
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Map 8. Reclassified Variables A
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Map 9. Reclassified Variables B
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Map 10. Reclassified Variables 3
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Map 11. Reclassified Variables 4

(McKerrow 2008)
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Geographic datasets used in geospatial analysis
Source
Reference
USGS Topographic Maps. 2008. North Carolina Department of Transportation
Geographic Information System. Raleigh, NC.
USGS Topographic Maps
www.ncdot.org/it/gis/DataDistribution/gateway/USGSTopographicMaps
Thompson, Dan. 2000. USDA Forest Service Geospatial Service and Technology
Center. Salt Lake City, UT.
Forest Service Geospatial Service and
http://roadless.fs.fed.us/documents/feis/data/gis/coverages/index.shtml
Technology Center
NC State Energy Office, 20050908, onemap_prod.SDEADMIN.wndpwr:
Renewable Energy Resources in North Carolina none, NC CGIA, Raleigh, NC.
http://www.nconemap.com/GetData/DownloadFTP/tabid/286/Default.aspx
North Carolina One Map
US Geological Survey. 1999. EROS Data Center. Sioux Falls, SD.
http://seamless.usgs.gov
USGS Seamless Server
North Carolina Gap Analysis Project
Williams, Steven G. 1992. North Carolina Gap Analysis Project. Biodiversity and
Vertebrate Predicted Distributions
Spatial Information Center, Department of Zoology, NCSU. Raleigh, NC.
Fish and Wildlife Service National Wetlands
Dahl, Tom. 2008. US Fish and Wildlife Service Division of Habitat and Resource
Inventory
Conservation. Onalaska, WI. http://www.fws.gov/wetlands/
Nort McKerrow, Alexa. 2008. North Carolina Gap Analysis Project. Department of
North Carolina Gap Analysis Project
Zoology, NCSU. Raleigh, NC. http://www.basic.ncsu.edu/ncgap/Index.html
Hermann, K.A. (ed.). 2001. The Southern Appalachian Assessment GIS Data
Base CD ROM Set. The Southern Appalachian Man and the Biosphere Program.
Southern Appalachian Assessment Online
Norris, TN. http://sunsite.utk.edu/samab/data/SAA_data.html
Database
Hermann, K.A. (ed.). 1996. The Southern Appalachian Assessment GIS Data
Base CD ROM Set. The Southern Appalachian Man and the Biosphere Program.
Southern Appalachian Assessment Online
Norris, TN. http://sunsite.utk.edu/samab/data/SAA_data.html
Database
Hermann, K.A. (ed.). 1996. The Southern Appalachian Assessment GIS Data
Base CD ROM Set. The Southern Appalachian Man and the Biosphere Program.
Southern Appalachian Assessment Online
Norris, TN. http://sunsite.utk.edu/samab/data/SAA_data.html
Database
Hermann, K.A. (ed.). 1996. The Southern Appalachian Assessment GIS Data
Base CD ROM Set. The Southern Appalachian Man and the Biosphere Program.
Southern Appalachian Assessment Online
Norris, TN. http://sunsite.utk.edu/samab/data/SAA_data.html
Database
Hermann, K.A. (ed.). 1996. The Southern Appalachian Assessment GIS Data
Base CD ROM Set. The Southern Appalachian Man and the Biosphere Program.
Southern Appalachian Assessment Online
Norris, TN. http://sunsite.utk.edu/samab/data/SAA_data.html
Database
Thompson, Dan. 2000. USDA Forest Service Geospatial Service and Technology
Center. Salt Lake City, UT.
Forest Service Geospatial Service and
Technology Center
http://roadless.fs.fed.us/documents/feis/data/gis/coverages/index.shtml
Thompson, Dan. 2000. USDA Forest Service Geospatial Service and Technology
Center. Salt Lake City, UT.
Forest Service Geospatial Service and
Technology Center
http://roadless.fs.fed.us/documents/feis/data/gis/coverages/index.shtml
North Carolina Center for Geographic Information and Analysis. 2006. Federal
Land Ownership: North Carolina Center for Geographic Information and
Analysis, Raleigh, North Carolina.
http://www.nconemap.com/GetData/DownloadFTP/tabid/286/Default.aspx
North Carolina One Map
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