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ABSTRACT
The protection of natural communities is essential to preserving biodiversity and wildlife habitat
across an increasingly developed and fragmented landscape. The North Carolina Natural
Heritage Program has produced a scoring of sites across the state using a geospatial tool that
ranks sites based upon their importance to biodiversity and wildlife habitat. This scoring uses
mostly datasets related to the presence of rare and threatened species. The tool developed in this
study extends the rankings produced by the Natural Heritage Program to include other attributes
of biodiversity and wildlife habitat, including site context, geometry and variety of abiotic
conditions. Dataset measures of these attributes were developed and built into a geospatial tool
that produces a ranking of sites. This enables the identification of areas of conservation value
that are not well represented in the Natural Heritage Program’s current model. The geospatial
datasets used as inputs for the model are structured using multi-attribute utility theory, allowing
users to assign utility values to datasets and manipulate the weights received by each dataset in
the final scoring. This allows decision-makers to incorporate their own opinions about what
contributes to biodiversity value in the ranking of sites, and is transparent in the choices that they
have made. This produces a ranking of sites that is representative of a variety of attributes of
biodiversity value and explicitly demonstrates the user-specific decisions that were made in its
production. This type of ranking is not meant to replace the professional opinions of decisionmakers, but can help to guide inquiries into the conservation value of a site where data does not
exist on rare and threatened species and help to compare sites that possess similar levels of
known biodiversity.
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INTRODUCTION
The alteration of the natural landscape, often associated with population growth and
economic expansion, has led to the emergence of a discipline that seeks to maintain the integrity
of natural communities and functions. Conservation planning has developed around the goal of
protecting natural areas and ensuring the existence of natural communities in perpetuity. While
this goal is relatively simple, the reasons why people seek it are many and have evolved over
time. In the past, conservation planning has been motivated by perceived threats to a multitude of
values, including unique topographic/geologic features, charismatic species, resource extraction
capacity, or recreational use. While these values remain important, in recent decades emphasis
has shifted to include additional goals, such as the protection of endangered species, water
filtration capacity, and atmospheric carbon sequestration by forests. The areas identified by
conservation planning as of high conservation value have also changed over time. Conservation
planners now operate on a larger scale, looking at not only the quality of natural communities
within a preserve, but also the connectivity of preserves and the effect that fragmentation has on
the landscape’s ability to provide the abovementioned services. This results in a multi-criteria
decision problem, in which conservation planners must incorporate and balance the great variety
of possible criteria of conservation when allocation decisions are developed.
The North Carolina Department of Environment and Natural Resources (NCDENR) has
produced a Conservation Planning Tool (CPT) as a part of its ongoing efforts to address
conservation as a spatial decision problem and coordinate conservation on a statewide level
(NCDENR 2009). The purpose of the geographic information system (GIS) tool is to identify
areas of importance within six core conservation values: biodiversity/wildlife habitat,
conservation lands, water services, agricultural lands, marine/estuarine areas, and forest lands.
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These values all contribute to some aspect of ecosystem health or services and are common
justifications for land conservation. Statewide geospatial datasets are used as measures for these
values. The datasets are processed within a GIS to produce raster datasets representing assigned
conservation importance for each of the six values. By creating a ranking of sites that takes into
account the variety of the services that are important to groups participating in land conservation,
NCDENR is in a unique position to provide guidance and vision to investments in conservation
across the state.
In this study, I expand upon the biodiversity and wildlife habitat ranking produced by the
CPT in two key areas. First, I develop additional datasets that can be used to represent attributes
of biodiversity and wildlife habitat not addressed in the original model. These datasets include
abiotic surrogates such as elevation and soil characteristics, contextual indicators such as
proximity to development, and habitat patch geometry measures such as distance to forest edge.
Because the current tool relies heavily on known occurrences of threatened or rare species,
referred to as element occurrences, incorporating these additional datasets will provide
information about areas where coverage of such data is lacking and may help to identify
additional areas of interest to decision-makers. Additionally, it will provide information about
landscape scale patterns and processes that are important for species survival, but not necessarily
captured by information on where target species are known to exist. Second, I incorporate multiattribute utility theory (MAUT) into a geospatial tool that creates an extension to the current
scoring of wildlife habitat. I built the datasets into an objectives hierarchy to clarify their
interrelationships and their use as measures for attributes of biodiversity and wildlife habitat. The
utility values assigned to datasets and the weights used to produce a final scoring can be set by
the model user, resulting in a ranking of sites based upon the interests of the conservation
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decision-maker. This produces a scoring that pertains to the needs and interests of a specific
individual or organization. The final product of this study is a geospatial tool that includes many
of the attributes that contribute to biodiversity and wildlife habitat, and is still flexible to the
needs of conservation planners with differing goals.

BACKGROUND
Conservation in North Carolina
The natural landscape of North Carolina is threatened by its rapidly expanding population
and the associated development of open space. Increasingly fragmented landscapes are less
capable of providing the services upon which all species depend, humans included. These
services include water retention and filtration, carbon sequestration, plant and animal habitat,
recreation, aesthetics, and agricultural and timber production (MEA 2003). Protecting portions of
the natural landscape of North Carolina through land conservation is necessary to ensure that
these services continue to be provided in perpetuity. Many groups seek to protect land in the
North Carolina, including land trusts, individuals, and federal, state and local government.
However, conservation efforts are often performed at a local, site by site scale which affords
inadequate protection to services that need an intact landscape to function properly. While it is
clear that action must be taken if ecosystem services are to be provided in perpetuity, there is no
unified vision among conservation planners in the state for how priorities should be set. Each
ecosystem service possesses a multitude of attributes, and there is no consensus on how
aggressively and in which order these attributes need to be addressed to adequately protect the
service that they represent. When individuals or organizations set priorities, they reflect that
group’s specific interests, which may not be the same as the priorities of others.
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Approaches to conservation
There are a number of different guiding ideologies that have been embraced by
conservation planners. In the past, conservation efforts were focused on the habitat of single
species. Conserving threatened species and their habitats was thought to be sufficient to ensure
the persistence of all species in a community or landscape (Ruggiero et al. 1994). Often referred
to as umbrella, keystone, flagship or indicator species management, these methods use the needs
of a single species or group of species to represent those of the entire ecosystem (Simberloff
1998). One strength of species-based conservation is that it can be rooted in field data that
confirm the presence of species in an area.
However, these species-based approaches may omit species, patterns or processes that are
integral to the function of an ecosystem (Simberloff 1998, Poiani et al. 2000). By conducting
conservation on different spatial scales, decision makers can accommodate species that need
multiple habitat patches, species that occupy a variety of different habitats over their lifecycle,
and ecosystems dependent on large scale disturbance regimes. Ensuring that ecosystems are
connected and functioning on a variety of scales can help conserve genetic diversity within
populations, buffer ecosystems against anthropogenic disturbances such as invasive species and
climate change, and ensure that ecosystems can provide services such as water filtration and
carbon sequestration capacity (Hunter et al. 1988, Nichols et al. 1998). The areas that
conservation planners seek to protect reflect which of these values are most important to them.
Indicators of Biodiversity
Many different indicators of biodiversity have been used to guide conservation.
Biodiversity surrogates are species or features that are used to represent site biodiversity. Since it
is extremely difficult to quantify all species at a site, and impossible to do so across the
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landscape, surrogates are species or features that are used as indicators of overall biodiversity in
an area. Surrogates can be divided into two basic categories: those derived from taxonomic data
and those derived from environmental data (Rodrigues and Brooks 2007). Taxonomic surrogates
are species or groups of species that are thought to be indicative of greater diversity at a site.
They have been used frequently in the species-based approaches to conservation mentioned
earlier. Environmental surrogates are based on information about abiotic features across the
landscape and serve as indicators of the conditions or qualities that would allow an area to house
biodiversity. They are useful in assessing areas where information on species are deficient or
nonexistent.
Patch area, perimeter and distance to patch edge are other indicators of biodiversity that
can be measured from widely available remotely sensed data on land cover. Assumptions about
the effects of these measures on local biodiversity can be extrapolated across the landscape. For
example, larger patches and areas with less edge are able to accommodate more species than
smaller patches or those with longer edges (Debinski and Holt 2000). Additionally, a part of a
forest that is very far from the edge of the forest patch that it falls within will be more valuable
for a species that needs intact forest to survive than a place that is very near the forest edge
(Debinski and Holt 2000). While these metrics can be derived from data on the patches
themselves, there are many supplementary sources of environmental data that are also indicative
of what types of ecological communities a patch may hold. Elevation, soils, transformed aspect,
terrain-shape index, and topographic convergence index are examples of environmental variables
that can be used to predict the distributions of community types across the landscape (Kintsch
and Urban 2002, Bonn and Gaston 2004). Terrain-shape index is a measure of the concavity or
convexity of a site. Topographic convergence index is a measure of site moisture levels that uses
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a function involving the slope of a site and how much upstream area drains through the site.
Environmental indicators have not been found to be particularly effective indicators of overall
biodiversity (Rodrigues and Brooks 2007), but studies operating on smaller scales and using
combinations of environmental variables have shown promise in identifying community types
(Kintsch and Urban 2002, Carmel and Stoller-Cavari 2006).
Proximity to the nearest patch of habitat, proximity to development, and the area of the
functional network of conservation sites that a patch is a part of are indicators of a patch’s
overall spatial context. In general, a place that is close to an existing habitat patch or ecological
preserve will be of more value than one that is highly isolated. Some of these indicators are
valued differently by conservation planners with different objectives. For example, proximity to
areas detrimental to wildlife, such as those with high development density, can be used as an
indicator of threat across a landscape. Planners may prioritize conservation of areas that are in
more imminent danger because of their proximity to development, or areas that are far from
development, where threat is low and an investment in conservation is more secure.
In general, these types of data supplement, rather than replace, species-based approaches,
which are important in assuring the persistence of threatened populations and useful in
safeguarding the integrity of associated species and communities. Rather, they provide additional
information that decision-makers can use to identify areas of importance where species-based
data is lacking or to help differentiate between two sites with equivalent levels of known
biodiversity. The following sections will show how adapting a multi-scale approach to
conservation that includes a variety of indicators of biodiversity can help planners to create a
network of protected areas that accommodate both species and natural phenomena that depend
upon conditions beyond the limits of a traditional protected site.
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Multi-criteria decision-making tools
Both conservation and biodiversity value can be evaluated using a number of different
criteria. The conservation value of a site might depend on the number of species that it holds, the
integrity of its riparian areas, the number of trails that pass through it or any other measure that is
considered when evaluating conservation. Similarly, biodiversity value might be decided using
species richness, the presence of a rare species, the area of the functional network of sites to
which the patch connects, or any other surrogate that is considered when evaluating biodiversity.
There are many tools that have been created to address the complexities of multi-criteria decision
problems such as these. The goal of such tools is to elucidate the decision-making process and
facilitate the selection of the best alternative for a given suite of interests.
One tool employed by decision-makers is known as an objectives hierarchy (Clemen and
Reilly 2007). An objectives hierarchy is a decision support tool used to distill the structure and
empirical values contributing to a final objective, which in this case is the conservation of
biodiversity and wildlife habitat in the state of North Carolina. To develop an objectives
hierarchy, one must determine what the final goal or objective is, what subobjectives might be
important to the objective, and what attributes or criteria can be used as measures for the
objective or subobjectives. For example, a study targeting a final objective of “Current
Biological Value” identified “Biotic Condition”, “Ecological Context”, and “Ecological
Condition” as four subobjectives, and continued to identify further subobjectives of these values,
producing a hierarchical structure to the decision problem (Fig. 1, Regan et al. 2007). There are
several challenges in building an objectives hierarchy: (1) The hierarchy must be complete,
including all the important components of a value. (2) Scales must be established for each
attribute, even if attributes are not inherently quantitative. (3) The hierarchy must be
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Figure 1 – Objectives hierarchy in which the final objective was Current Biological Value (Figure 1 taken from Regan et al. 2007).

decomposable, meaning that the branches in the hierarchy are separable, allowing a decisionmaker to assess preferences independently amongst branches. Once constructed, an objectives
hierarchy can clarify a very complicated multi-criteria decision problem (Clemen and Reilly
2007).
Multi-attribute utility theory (MAUT) is another decision support tool that is often used
to help evaluate multi-criteria decision problems. MAUT operates under the assumption that
attributes from the objectives hierarchy can be assigned numeric values and can be aggregated
(Moffet and Sarkar 2006). Utility functions are developed that measure the utility contributed by
each value of an attribute along a measurement scale. Weights are then assigned to each attribute
based upon their contribution to the final scoring of an alternative being evaluated. Weights and
values used in MAUT are specific to a group or decision-maker and a variety of techniques exist
for their elicitation. When used in conjunction, MAUT and objectives hierarchies can clarify the
process by which a decision was made and allow for a customization of the decision process
through the modification of weights and values (Clemen and Reilly 2007).
Approaching conservation as a multi-criteria decision problem
While objectives hierarchies have been used to structure multi-criteria decision problems
in a variety of fields, their formal application to conservation planning is relatively new. Several
studies have used objectives hierarchies in a spatial context to guide and focus conservation
planning (Davis et al. 2003, Regan et al. 2007, Bojórquez-Tapia et al. 2004, Geneletti 2008).
Significant about studies that use a multi-criteria decision making framework to clarify
conservation goals is that each defines conservation and its various subobjectives differently, and
each values and weighs criteria differently. In one study, the goal of conserving a site’s
biodiversity was divided into three subobjectives: biotic composition, ecological context, and

9

ecological condition (Regan et al. 2007). Another specified subobjectives as resource production
capacity, natural capital, and public open space (Davis et al. 2003). Another was based solely on
the presence or absence of certain types of flora and fauna (Bojórquez-Tapia et al. 2004). A
review of multi-criteria approaches to conservation network design listed a number of possible
criteria, including biodiversity surrogates, patch size, patch area, patch shape, connectivity,
property cost, human impacts, and scenic, cultural and recreation value (Moffett and Sarkar
2006). There is no consensus on the core criteria of conservation value. MAUT allows decisionmakers to identify criteria and subcriteria specific to their problem, and assign weights and utility
scales to those criteria that reflect their own interests.
NCDENR’s Conservation approach and biodiversity model
My study elaborates on a model developed by the NC Natural Heritage Program to
prioritize the contribution of a specific place to statewide biodiversity and wildlife habitat
(NCDENR 2008). The mission of the Natural Heritage Program is to identify and promote the
conservation of the rarest species and most outstanding natural communities in the state. Their
planning approach emphasizes protecting the lands necessary to ensuring viable habitat for all
species and communities native to the state. In the Conservation Planning Tool’s (CPT)
biodiversity and wildlife habitat model, this is translated into a high ranking of sites that contain
known focal species and communities. The model assesses aquatic and terrestrial habitat, as well
as landscape connectivity and function, as the most important contributors to biodiversity and
wildlife habitat. To that end, a variety of datasets have been selected that are representative of
high quality habitat. Measures for terrestrial habitat include element occurrences of rare and
threatened species identified by the Natural Heritage Program (NHP), Significant Natural
Heritage Areas (NC DENR 2009), Important Bird Areas (NC Audubon 2004), and Landscape
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Habitat Indicator Guild Core Areas (NCDENR 2009). Measures for aquatic habitat also include
element occurrences, as well as Outstanding Resource Waters (NC DENR 2007), Aquatic
Significant Natural Heritage Areas (NCDENR 2009), and Native Trout Waters (NCDENR 2009)
(Fig. 2).
The CPT input datasets were assigned values between 1 and 10 based upon their
ecological quality and their precision, accuracy and completeness (Fig. 2). Since many of these
datasets overlap, the final conservation value assigned to each 30m x 30m cell in the statewide
raster is the maximum value of all the datasets that apply to a given cell. For example, if a cell is
a part of both an IBA (value = 5) and a National SNHA (value = 10), the cell would be assigned
a 10 for the highest valued dataset. By accepting the maximum value across all datasets as the
conservation value for a cell, the SCP Tool does not allow datasets of differing values to be
aggregated. It makes the assumption that datasets receiving higher values would have received
such value only if they were able to subsume the contributions of lesser valued datasets.
Accepting the maximum assigned value has some strengths in a conservation
prioritization framework. Multiple datasets that are derivatives of similar primary data can be
used without fear of unintentionally double-counting these primary data. For example, if a cell is
occupied by both an Element Occurrence and a SNHA, a model that seeks to aggregate attribute
measures would sum the weighted values assigned to the two types of data. This would
constitute double counting, because SNHAs are designated in part for the presence of rare or
threatened species, which are also represented as Element Occurences. In the current maximumvalue model, only the assigned value of the area deemed most important by managers would
appear in the final prioritization, avoiding the double counting problem. Using the opinions of
experts, all important aspects of the dataset are embodied in a single number, including
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Figure 2 – Scores assigned to the datasets used as measures of biodiversity and wildlife habitat (Source: NC NHP 2009).

ecological importance, precision, and accuracy. This lends simplicity to the equation, but detracts
from the transparency of the model by grouping together distinct characteristics of datasets that
could be evaluated individually. By including only datasets containing information on known
species occurrences, it also neglects other attributes of biodiversity and wildlife habitat. This
study seeks to elaborate upon the CPT by addressing some of these issues.
Objectives
There are two main goals of this study. First, I will develop datasets that are indicative of
conservation values not explicitly addressed in the CPT’s Biodiversity and Wildlife Habitat
Model. These datasets will include indicators of patch context (e.g., distance to development),
patch geometry (e.g. distance within forest patches to forest edge), and abiotic biodiversity
surrogates (e.g. soils, elevation). I will then build these datasets into a GIS decision support tool
alongside the CPT’s final biodiversity and wildlife habitat prioritization using multi-attribute
utility theory. The final product will be a tool that incorporates a range of attributes of
biodiversity and allows users with varying conservation goals to alter the algorithm for
aggregating scores to reflect their own priorities.
Site description
I conducted this study across the state of North Carolina. While none of the patterns and
processes described in this study is limited by jurisdictional boundaries, this scale was chosen for
the North Carolina Natural Heritage Program’s Conservation Planning Tool (CPT) and must be
adhered to for its analysis. North Carolina is home to a great variety of landscapes and contains
many different types of natural communities. One level of analysis used in this study is that of
Ecoregion (Natureserve 2008). Parts of North Carolina fall into three different Ecoregions: the
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Figure 3 – Study area. Three different Ecoregions are found within the state of North Carolina (Natureserve 2008).

Mid-Atlantic Coastal Plain, the Piedmont, and the Southern Blue Ridge (Fig. 3). The MidAtlantic Coastal Plain Ecoregion abuts the Atlantic Ocean, and is bounded by the James River in
Virginia the north, and Charleston Harbor to the south. It is known for pocosins, Carolina Bays,
Carolina Sand Hills, the Outer Banks and many other features. The Piedmont Ecoregion is home
to the foothills of the Appalachian Mountains, and is bounded by that range to the west, and by
the Mid-Atlantic Coastal Plain to the east. It does not contain the diversity of surrounding
Ecoregions, and has experienced fast rates of development in the last several decades, as well as
an increase in invasive species. The Southern Blue Ridge Ecoregion is home to a high level of
topographic heterogeneity, which has resulted in a great diversity of species and communities.
Much of the region is currently managed for conservation purposes, including the Great Smokey
Mountains National Park, which straddles North Carolina’s western boundary with Tennessee
(Natureserve 2008).

METHODS
Development of objectives hierarchy
The first step in conducting this study was to generate an objectives hierarchy that defines
the attributes of terrestrial biodiversity and wildlife habitat, the ultimate objective. Attributes
must be representative of independent aspects of the objective. If attributes are not independent,
it will be difficult to control the weight each receives in the final valuation. All attributes of an
objective should be included in the hierarchy to ensure that no feature of importance is excluded
from the valuation process. In this study, relevant attributes were identified as (1) the presence of
known rare or threatened species, (2) the spatial context of a given site, (3) the variety of abiotic
conditions present, and (4) the geometry of a site (Fig. 4). The next step in developing an
objectives hierarchy was to determine what measures exist for each attribute. The Conservation
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Figure 4 – Objectives hierarchy developed for this study. The final objective of terrestrial biodiversity has four contributing attributes. Indicators used
for those attributes are located in the grey boxes to the right.

Planning Tool developed by the North Carolina Natural Heritage Program primarily makes use
of data on the existence of rare and threatened species. As a result, I have used their prioritization
to represent the rare and threatened species attribute, and have developed datasets to represent
the additional attributes. The following section details the development of these datasets and the
role they play in a model that seeks to rank sites based upon biodiversity and wildlife habitat
value.
Data development
Three types of datasets were needed to conduct this analysis: abiotic surrogates,
indicators of site context, and measures of patch geometry.
Abiotic surrogates
Abiotic surrogates can be any measure of the environmental or physical gradient across
the landscape. Including a diversity of abiotic conditions is important in conservation planning
(Noss 1990). Doing so will help to ensure that a diverse set of species is represented within a
conservation network (Faith 2003). Studies have found that though these types of variables are
generally not good predictors of biodiversity when used singly, they are more effective when
used jointly with other abiotic surrogates (Nichols et al. 1998, Kintsch and Urban 2002, Carme
and Stoller-Cavari 2006). In this study, I chose three different abiotic surrogates for each
Ecoregion of the state of North Carolina. Abiotic surrogates were chosen for their ability to
differentiate between natural communities, as communities respond to changes in climactic,
topographic and edaphic factors. Ecoregions were chosen as the scale at which to divide the
development of abiotic surrogates because their relative internal homogeneity allows for the
selection of variables specific to on-the-ground conditions. At a larger scale it would have been
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difficult to identify a single set of abiotic variables that could differentiate between communities
because of the great variety of physical conditions that exist across the state.
To capture as many distinct community types across the landscape as was possible, I
created datasets that combined the suite of abiotic conditions present at a site. These are referred
to as zipcoded datasets because they contain numeric codes, each of which represents a single,
distinct suite of conditions rather than a continuous, numeric value (Fig. 5). This study uses the
variety of abiotic conditions nearby a site to represent the heterogeneity of abiotic conditions.
The following sections detail the development of datasets representing abiotic heterogeneity for
each of the three Ecoregions that cross North Carolina.
Mid-Atlantic Coastal Plain Ecoregion
In the Mid-Atlantic Coastal Plain Ecoregion, the three abiotic surrogates chosen were a
measure of local relief, sand content of soil, and pH of soil.
Local relief. The purpose of choosing a measure of local relief was to differentiate
between community types by how far above or below the surrounding landscape they are. While
there is not a large elevation gradient in the coastal plain, there are a number of distinct
geographic features, such as pocosins or the Carolina bays, that can be defined by their
relationship with the surrounding landscape.
Local relief was calculated by finding the difference between the mean elevation within a
300 meter by 300 meter window and the elevation at a location. The digital elevation model
(DEM) used to estimate elevation in this analysis was derived from 20-foot resolution Light
Detection and Ranging (LIDAR) data obtained from the state of North Carolina. The DEM was
resampled to a 30-meter resolution to match the analysis in the Conservation Planning Tool
produced by NC Natural Heritage Program.
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Figure 5 – A dataset of zipcoded values is created by classifying continuous abiotic datasets into bins, represented by single digits. These digits are then in
succession to create a zipcode that is representative of all three conditions at a site. In the figure above, a zipcode of ‘312’ would be representative of a site
with high elevation, low solar radiation, and mid-ranged values of topographic convergence index. The variety of these zipcodes within a fixed radius was
calculated to determine the heterogeneity of physical conditions at a site.

Sand content and pH. The sand content and pH of soil were chosen to be representative
of soil texture and chemistry, respectively. Substrate texture and chemistry have a large effect on
vegetation type in the coastal plain of North Carolina. Areas with high levels of sand tend to be
well drained and very different from areas that have substrates with more clay or organic matter.
Soil pH affects the availability of nutrients to plants, and thus the types of organisms that are able
to thrive.
Both soil factors were taken from the Soil Survey Geographic (SSURGO) Database
distributed by the Natural Resources Conservation Service (NRCS 2009). Both were extracted
from the database, converted to raster datasets and resampled to a 30-meter resolution.
Zipcoding of abiotic surrogates. To create a zipcoded dataset of the abiotic conditions,
each of the input datasets was first reclassified so that ranges of values for that dataset were
represented by a single digit. For local relief, five classes were created across the range of the
data using Jenks’ natural breaks (as specified in ArcGIS 9.3). Areas far below the local mean,
such as streambeds, received a value of 1, while areas above the local mean, such as hilltops,
received a value of 5. For soil sand content, the range of values was also divided into classes
using Jenks’ natural breaks, but the middle three classes were merged into a single class. This
was done on the assumption that the most variation in community types would be found between
sites with very high or very low sand contents. The same assumption was made for soil pH. The
range of pH values was again divided into five classes using Jenks’ natural breaks, and the
middle three classes were again combined to form a single, mid-ranged class.
Once the abiotic surrogates were coded into single digit classifications, they were
aggregated in a single dataset using the following equation:
Zipcode value = ( 100 * pH ) + ( 10 * % sand ) + local relief
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The order of variables was chosen to reflect the grain of the dataset, with pH being of the
coarsest grain and local relief the finest. Ranking the datasets in this way yields a visual nesting
of the surrogates within the zipcoded dataset, and facilitates visual analysis. The result of the
aggregation is a single raster where the value of each cell is a coded value that describes a
distinct community type (Fig. 6). For example, and cell with a value of ‘125’ would be one with
low pH, mid-ranged sand content, and much higher than the surrounding landscape. A cell with a
value of ‘311’ would have high pH, low sand content, and be much lower than the surrounding
landscape. I next calculated the variety of community types that could be found within a 300
meter square window of a given site. This value is meant to be indicative of the local
heterogeneity of community types near a site.
Piedmont Ecoregion
In the Piedmont Ecoregion, the abiotic surrogates chosen for analysis were relative slope
position, potential solar radiation and topographic convergence index. These surrogates were
chosen because much of the variation in community types in the Piedmont can be captured by
variations in topography.
Relative slope position. Relative slope position describes the location of a site between a
ridge and a valley. It is calculated by using a DEM to define ridges and valleys across the
landscape. Then the flowpath is calculated between ridges and valleys, and sites are assigned
values based upon where they are located along this gradient. The flowpath is the path that water
will follow as it travels across the landscape, as determined by topographic features. The DEM
used in this analysis was based upon 20-foot resolution LIDAR data obtained from the State of
North Carolina. However, since the LIDAR data is only available within the State’s borders and
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Figure 6 - Continuous datasets of abiotic diversity surrogates were classified then combined to form a single zip-coded dataset for the Mid-Atlantic Coastal
Plain Ecoregion. Focal variety within a 300m window was calculated to indicate local diversity and buffering capacity.

some of the ridge to valley flowpaths extend beyond these borders, 30-meter resolution National
Elevation Dataset (NED) rasters were used when the LIDAR-based DEMs were not available.
Potential solar radiation. Potential solar radiation is the amount of exposure to sunlight
received at a given site. It is dependent on both a location’s slope and aspect, and is highest in
areas with steep slopes facing south and west, and lowest in areas with steep slopes facing north
and east. For this study it was calculated using the following formula (Hillshade function,
ArcGIS 9.3):
Radiation = 255 * ( cos(Zenith) * cos(Slope) + sin(Zenith) * sin(Slope) * cos(Azimuth - Aspect) )

The DEM used in this analysis was developed using 20ft LIDAR data obtained from the State of
North Carolina, resampled to 30-meter cell size. A 225 degree azimuth was specified to attempt
to capture the maximum afternoon radiation loading at the site.
Topographic Convergence Index. Topographic Convergence Index (TCI) is indicative of
total wetness at a site, which is often a determinant of community type. It is calculated with the
following formula (Moore et al. 1991):
Topographic Convergence = ln [a / (tan b)]

TCI is a function of both site slope (b) as well as upstream contributing area (a). Sites with lower
slopes will tend to be wetter than those with high slopes, and those with larger upstream
contributing areas tend to be wetter than those with smaller areas draining through them. Both
slope and upstream contributing area were calculated using the TauDEM hydrological analysis
software (Tarboton 2004). DEMs for this analysis were composed of 20-foot resolution LIDAR
rasters resampled to 30-meter resolution with the North Carolina’s borders, and 30-meter NED
rasters for drainage areas that extend beyond the state’s borders.
Zipcoding of abiotic surrogates. The first step in creating a zipcoded datasets for the
Piedmont Ecoregion was to reclassify the continuous abiotic datasets into groups represented by
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a single integer value. Each of the datasets in the Piedmont Ecoregion were measures of terrain
or topography, and each was grouped into five classes using Jenks’ natural breaks (as specified
in ArcGIS 9.3), with the central three classes being grouped into a single class. The following
equation was used to aggregate the abiotic surrogates into a single zipcoded dataset:
Zipcode value = ( 100 * radiation ) + ( 10 * RSP ) + ( TCI )

The order of variables was chosen by the grain of the datasets, with solar radiation appearing to
have the largest grain and TCI the smallest. Ranking the datasets in this way yields a visual
nesting of the surrogates within the zipcoded dataset, and facilitates visual analysis. In the
resulting zipcoded raster, a value of ‘123’ would be representative of an area with low potential
solar radiation, mid-ranged relative slope position, and high TCI. The variety of zipcodes within
a 300m square focal window was calculated to determine the heterogeneity of the landscape
surrounding a given site (Fig. 7).
Southern Blue Ridge Ecoregion
In the Southern Blue Ridge Ecoregion, elevation, potential solar radiation, and
topographic convergence index were chosen as distinguishing abiotic surrogates. These
surrogates are similar to those chosen in the Piedmont Ecoregion because communities in the
mountains are also distinguishable by terrain-related factors, rather than the soil factors that play
a larger role in the Coastal Ecoregion.
Elevation. The elevation gradient in this ecoregion is very large. As a result, elevation
and associated climactic conditions such as temperature and precipitation play a large role in
determining what type of community exists in a given place. Site elevation was obtained from a
DEM produced from 20-foot resolution LIDAR data that was resampled to a 30-meter cell size.
Potential solar radiation. Potential solar radiation is the amount of exposure to sunlight
received at a given site. It is dependent on both a location’s slope and aspect, and is highest in
24
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Figure 7 - Continuous datasets of abiotic diversity surrogates were classified then combined to form a single zip-coded dataset for the Piedmont Ecoregion.
Focal variety within a 300m window was calculated to indicate local diversity and buffering capacity.

areas with steep slopes facing south and west, and lowest in areas with steep slopes facing north
and east. For details on the derivation of potential solar exposure in this study, see the previous
section on the development of abiotic surrogates in the Piedmont Ecoregion.
Topographic Convergence Index. Topographic Convergence Index (TCI) is indicative of
total wetness at a site, which is often a determinant of community type. It is a function of both
local slope and upstream contributing area. For details on the derivation of TCI in this study, see
the previous section on the development of abiotic surrogates in the Piedmont Ecoregion.
Zipcoding of abiotic surrogates. To create a zipcoded dataset for the Southern Blue Ridge
Ecoregion, abiotic surrogates were reclassified into groups to prepare them for aggregation into a
single zipcode raster. TCI and potential radiation were divided into five classes using Jenks’
natural breaks, and the middle three classes were merged into a single class. This action is based
on the assumption that it is the extremes of these surrogates that will define distinct communities,
with less variation in the more common values. Elevation values were divided into five classes of
equal range. Five classes were used because of the strong changes in community type across the
elevation gradient, and equal interval breaks were used because the changes occur consistently
across the gradient. The following equation was used to aggregate the abiotic surrogates into a
single zipcoded dataset:
Zipcode value = ( 100 * elevation ) + ( 10 * radiation ) + ( TCI )

The order of variables was chosen by the grain of the datasets, with elevation appearing to have
the largest grain and TCI the smallest. Ranking the datasets in this way yields a visual nesting of
the surrogates within the zipcoded dataset, and facilitates visual analysis. In the resulting
zipcoded raster, a value of ‘531’ would be representative of a high elevation area with high
potential solar exposure and low TCI. The variety of zipcodes within a 300m square focal
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window was calculated to determine the heterogeneity of the landscape surrounding a given site
(Fig. 8).
Spatial context
Contextual indicators are datasets that assess a site’s conservation value based upon its
proximity to either desirable or undesirable locations. A site far from a desirable location would
yield less utility than one near a desirable location. Conversely, a site far from an undesirable
location would yield more utility than one near an undesirable location. In this study, the
relationship between a site and these types of locations was measured in two ways: (1) using
straight-line, Euclidean distance across the landscape and (2) counting the area of that type of
location within a 1200-meter square focal window of the site. Straightline, Euclidean distance is
a typical measure of proximity and provides a clear, easily interpreted result. If a site is very
close to a desirable location, it has a higher probability of being part of a functional network of
sites if preserved. Increasing fragmentation in the remaining forested habitats in North Carolina
has led to an emphasis on the importance of site connectivity in conservation planning. Assuring
that conservation sites are part of a larger network of sites will help to ensure that viable
populations of target species are maintained. Using these indices at a large scale, such as the state
of North Carolina, can be useful in identifying areas that have the potential to house biodiversity.
One drawback of using Euclidean distance is that a site that is adjacent to a very small
amount of an undesirable land type, such as a road through a large, contiguous forest, will
receive the same value as a site that is immediately adjacent to a large amount of an undesirable
land type, such as a city. To address this problem, I calculated the area of a land use / cover type
within a 1200m-square focal window of a site. With this measure, a site that is immediately
adjacent to a road through a large, contiguous forest would receive a very similar value to sites
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Figure 8 - Continuous datasets of abiotic diversity surrogates were classified then combined to form a single zip-coded dataset for the Southern
Blue Ridge Ecoregion. Focal variety within a 300m window was calculated to indicate local diversity and buffering capacity.

that are further into the interior of the forest, but a much different value from a site that is
immediately adjacent or in the general proximity of a large area of development. The overall
effect of this measure relative to the Euclidean distance measure is to lower the value of a site
that is near a large aggregation of an undesirable land use type, and raise that value of a site that
is only near a small amount of that land use type.
Two different datasets were used to identify areas of known value for conservation
planning. Areas managed for conservation purposes, as defined by Dedicated and Registered
Areas dataset (NC NHP 2007), were used for the Euclidean distance measure. These properties
have been set aside for conservation purposes, and are managed either by private, local, state, or
federal authorities. Sites that fall near these areas have a higher probability of being able to be a
part of a functional network of conservation sites than ones that are not near areas set aside for
conservation. Areas defined as forest or shrub/scrubland in the National Land Cover Dataset
(NLCD 2001) were used to measure the amount of desirable land cover within a 1200-meter
square focal window of a site. Areas classified as development in the National Land Cover
Dataset (NLCD 2001) were used to measure both the Euclidean distance to and the area within a
focal window of an undesirable area. These measures can be used to gauge the threat to a given
site. Areas that are very near to development, particularly large aggregations of development as
indicated by the focal area, will be more likely to be developed than those far from other
development. Threat is an important indicator of a site’s landscape context in North Carolina
because of the rapid rate of development currently occurring in the state.
Patch geometry
Distance to the edge of a forest patch from within that patch was the only measure of
geometry used in this study. Forest patches were identified using areas classified as forest or
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shrub/scrubland in the National Land Cover Dataset (NLCD 2001). Distance to edge was
measured as the Euclidean distance from a point within the patch to the nearest edge of that
patch. The depth of a site within a forest patch is a useful indicator of how intact that habitat is.
Areas that are deeper within a forest patch tend to be more intact and house more species than
those that are close to its edge (Ries et al. 2004).
Attribute aggregation
Once datasets representative of the attributes in the objectives hierarchy were developed,
I used Multiattribute Utility Theory (MAUT) to aggregate them into a final scoring that included
all the contributing criteria. MAUT assumes that each measure that represents an attribute can be
evaluated on a scale. The first step in using these datasets in a final scoring is to normalize them
based upon a common scale, in this case the 0-10 ranking scale used in the CPT developed by
the North Carolina NHP. In a more formal application of MAUT, values would be assigned
within a common scale based upon the utility contributed by a specific level of that measure.
This is distinct from simply normalizing a dataset based upon its maximum because a measure’s
value might not be representative of the utility that it contributes. For example, if the maximum
Euclidean distance from development measured within the state was 10,000 meters, it might be
determined that after a distance of 5,000 meters development can no longer have an additional
positive effect on habitat. As a result, all sites greater than 5,000 meters would make the same
contribution to utility and would be assigned the same rescaled value.
The next step in implementing MAUT is to determine the weight that each measure
should receive in the final scoring. When a single dataset is used to represent an attribute, as is
the case with the presence of rare or threatened species, the variety of abiotic conditions, and
patch geometry, the entire contribution of the attribute to the final scoring comes from the single
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dataset. In the case of a site’s spatial context, a number of datasets were developed that could be
representative of the value of the attribute. However, the related nature of the datasets indicates
that they are probably closely correlated with each other, and do not represent unique and
separable contributions to the final scoring. To circumvent this problem, the model’s user can
choose a single dataset to represent spatial context in each iteration of the model and this dataset
will be assigned a weight as with the other attribute measures. Weights across the model will
sum to 1, with an attribute determined to make no contribution to the final scoring given a weight
of 0, and an attribute determined to make up all of the final scoring given a value of 1. This will
preserve the 0 to 10 scale in the final scoring, and ensure that weights represent the proportional
contribution of an attribute. A final scoring will be calculated by summing the product of each
attribute measure and its assigned weight.
Tool development
To conduct a scoring of sites, the objectives hierarchy was built into a GIS model using
ESRI ArcMap 9.3. Users of the model are able to (1) choose which dataset they think best
represents each attribute, (2) determine the utility contribution of each dataset’s values, and (3)
assign a weight to each attribute that they believe represents an attribute’s contribution to the
final scoring. This allows the MAUT process to be flexible to the needs of users with different
interests in mind. It is also a transparent process. Users are aware of the weights and value scales
that are incorporated into the final scoring and have a visual representation of the aggregation
through the model.
Model evaluation
To compare the results of the tool developed in this study to that of the NHP’s CPT, I ran
through several iterations of the tool to produce several different scorings. In the first few
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scorings, I made a single change to either the assigned utility values, weights or input datasets in
the model. I compared these to each other and to the scoring produced by the CPT to exhibit the
effects of these changes on the final scoring. I then ran through two more iterations of the model
with utility values, weights and input datasets based upon two hypothetical conservation
planning scenarios. The purpose of these scenarios is to show how users with varying
conservation goals can make use of the tool to produce project specific scorings.

RESULTS
The results of this analysis fall into four major categories. First, I detail the datasets that
were developed as part of the study. Second, I describe several scorings produced by the model
that highlight some of its strengths. Third, I use the model to produce scorings using hypothetical
weights and utility values that might reflect those of conservation planners in two specific
scenarios. Finally, I use the distribution of scores in these different iterations of the model to
describe the effects of different weightings and utility assignments.
Developed datasets
Abiotic surrogates
Datasets representative of the variety of abiotic conditions present at a site were created
for each Ecoregion within North Carolina. In the Mid-Atlantic Coastal Plain Ecoregion, the
highest variety of coded zipcodes found within a 300-meter square focal window of a site was 22
out of a potential maximum of 45 (Fig. 6). The maximum possible number of combinations of
zipcodes can be found by calculating the product of the number of classes of each type of
surrogate, in this case five classes of local relief, three classes of soil pH and three classes of soil
sand content. Areas of high variety can be found near the Sandhills in the southwest of the
Ecoregion, and along some of the coastal estuaries in the southeast of the ecoregion. Areas away
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from rivers and along the coast had noticeably lower varieties of abiotic conditions. The
Piedmont Ecoregion had a maximum variety of abiotic conditions of 25 out of a potential
maximum of 27 (Fig. 7). More variety was experienced in the western parts of the Ecoregion,
where the Piedmont begins to rise up into the mountains of the Blue Ridge. Since the indicators
of abiotic condition were all based upon terrain factors, it makes sense that the part of the
Ecoregion that has more heterogenous topography would contain a larger variety of abiotic
conditions. In the Southern Blue Ridge Ecoregion, the maximum variety of abiotic conditions
found was only 17 out of a potential maximum of 45 (Fig. 8). Areas experiencing the highest
levels of variety were on and around mountaintops at higher elevations.
Indicators of spatial context
The two indicators of a site’s relationship to undesirable locations created in this study
were Euclidean distance to development and the amount of development within a 1200-meter
square focal window. While these two datasets were targeting the same attribute of biodiversity
and wildlife habitat, the results that they produced are somewhat different. The Euclidean
distance to development measure only highlighted areas that were particularly far from
development, including areas of the Sandhills in the southwest of the Coastal Ecoregion and
Great Smoky Mountain National Park in western North Carolina. The rest of the state has at least
low levels of development, and thus receives generally the same ranking (Fig. 9). The focal sum
of development gave a similarly high ranking to all areas that were outside of intense areas of
development and only isolated areas for particularly low rankings that were close to highly
urbanized areas, such as capitol city of Charlotte and the Triangle Region (Fig. 10).
Euclidean distance to areas managed for conservation purposes drew attention to areas
where few conservation efforts have been made thus far. The maximum distance from a
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Figure 10 – Amount of development within a 1200m x 1200m focal window. Development is identified using the National Land Cover
Dataset (NLCD 2001).

Figure 9 – Euclidean distance to development within the state of North Carolina. Development is defined using the National Land Cover
Dataset (NLCD 2001).

conservation area was almost 35 kilometers. Most parts of the state have enough conservation
areas to result in relatively low values, but some areas of the central Piedmont and Coast Plain
Ecoregions have distinctly higher distances from areas managed for conservation (Fig. 11). The
focal sum of forest within a 1200-meter window gave the highest values to areas in the western
part of the state that are heavily forested and lowest values to most of the Coastal Plain. The
Piedmont has a mix of values, with very low forest densities near cities (Fig. 12).
Patch geometry
Distance to forest edge was the only dataset developed that is representative of a site’s
geometry. While there are patches of forest across much of the state, the patches with the largest
distance to edge exist in the western parts of the state in the Blue Ridge Mountains. The
maximum distance to forested patch edge experienced in the state is over 10 kilometers. Most
other forested areas in the state are divided by development and other land uses, resulting in
much lower distances to edge across the landscape (Fig. 13).
Biodiversity and wildlife habitat value scorings
The first several scorings that I produced with the tool were meant to exhibit how specific
changes to weights or input datasets affect the scoring. In each of these scorings, I used the same
utility values as in the previous model iteration, dividing the given values into area quantiles
(Table 1). By dividing the available area into quantiles, it assured that each value was assigned to
an equal number of cells in the raster, representing approximately equal areas (ArcGIS 9.3).
Since utility values range from 0 to 10, this means that each utility value is assigned to 1/11 of
the total area of the state when using the quantiles method. In the first scoring, I used these utility
values, chose the focal area of development as the measure of context and gave equal weights to
the context, geometry and abiotic variety attributes (Table 2). I did this to show what types of
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Figure 12 – Amount of forested area within a 1200 x 1200 meter focal window. Forested areas have been identified using the National Land Cover
Dataset (NLCD 2001).

Figure 11 – Euclidean distance to areas managed for conservation purposes. Conservation areas are defined as those included in the NC NHP’s
coverage of properties that are either Dedicated Nature Preservers or Registered Natural Heritage Areas (NHP 2007).
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Figure 13 – Distance to the edge of forest patches. Forest classes were taken from the National Land Cover Dataset (NLCD 2001). Large areas of highly
fragmented patches are not visible at this resolution (see map inset).

areas the model would assign high values to independent of the CPT scoring. The scoring
produced using these inputs (Fig. 14) assigned high values to areas in the western, mountainous
regions of the state that the CPT also identified (Fig. 15), and labeled areas proximate to urban
areas with similarly low values. However, much of the rest of the state received low- to midranged values, with highest of those going to areas that were isolated from development and in
areas of abiotic variability, such as hilly areas in the Piedmont and less developed areas in the
northeastern corner of the state.
Table 1 – Utility values assigned to the attributes of biodiversity and wildlife habitat, divided using
quantiles.
Utility
Original Dataset Value
Value
Zipcode Focal
Zipcode Focal
Zipcode Focal
Distance to
Assigned Variety - Coastal
Variety - Piedmont
Variety - Blue
Development
Forest Patch
in Model
Ecoregion
Ecoregion
Ridge Ecoregion
Density
Edge
0
1
1-3
1-2
441 - 1600
30
1
2
4-5
3
207 - 440
31 - 41
2
3
6-7
4
140 - 206
42 - 59
3
4
8
5
107 - 139
60 - 83
4
5
9
6
85 - 106
84 - 107
5
6
10
7
67 - 84
108 - 133
6
7
11
8
51 - 66
134 - 173
7
8
12 - 13
9
37 - 50
174 - 233
8
9
14
10
18 - 36
234 - 334
9
10
15 - 16
11
1 -17
335 - 602
10
11 - 22
17 - 25
12 - 17
0
603 - 10229
Table 2 – Weights assigned to the datasets representing the four attributes of biodiversity
and wildlife habitat in the first iteration of the model, meant to exclude the CPT scores.
Attribute
Representative Dataset
Weight
Contextual Indicator
Development Density
0.33
Patch Geometry
Distance to Forest Edge
0.33
Abiotic Variety
Focal Variety of Surrogates
0.33
Rare/Threatened Spp.
CPT Biodiversity Scoring
0

The second scoring that I produced used the same utility values as in the previous scoring
(Table 2) and the same input datasets, but assigned equal weights to each of the four attribute
measures (Table 3). The purpose of this scoring is to show how the current CPT scoring can be
extended to include the other attributes of biodiversity and wildlife habitat identified in this
study. Highest scores went to areas that both contained known rare or threatened species, such as
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Figure 14 – Scoring of sites using the tool developed in this study. One third of the weight was assigned to each abiotic variety, context and geometry.
A weight of 0 was assigned to the rare and threatened species attribute, excluding it from the analysis. Utility was assigned to dataset values based upon
equal area quantiles.
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Figure 15 – Scoring of sites produced by the Biodiversity and Wildlife Habitat Conservation Planning Tool from the North Carolina Natural Heritage
Program.

Significant Natural Heritage Areas, and housed high levels of abiotic variety or were far from
development. Most of these areas were located in the Southern Blue Ridge Ecoregion in Western
North Carolina. Intermediate values went to areas that contained one, but not both, of these types
of features. Some areas of importance in the Coastal Plain and Piedmont Ecoregions that were
not identified in the scoring that excluded the CPT were assigned such mid-ranged scores.
Highly developed areas and their surroundings received the lowest scores (Fig. 16).
Table 3 – Weights assigned to the datasets representing the four attributes of biodiversity
and wildlife habitat in the second iteration of the model. Equal weights were assigned to each attribute.
Attribute
Representative Dataset
Weight
Contextual Indicator
Development Density
0.25
Patch Geometry
Distance to Forest Edge
0.25
Abiotic Variety
Focal Variety of Surrogates
0.25
Rare/Threatened Spp.
CPT Biodiversity Scoring
0.25

The third scoring that I produced contained the same weights (Table 2) and utility value
assignments as the first scoring (Table 1), but included the density of forest within a focal area
instead of the density of development as the measure of spatial context (Fig. 17). The purpose of
this change was to show the effect of altering the measure of an attribute on the final scoring.
The new scoring had much lower values for areas in the Coastal Plain that are not forested, but
also are not highly developed. When using the density of development measure, these areas were
highly valued, but since they are not forested they did not receive high scores. Other areas of
difference are those around urbanized areas. Since these areas still contain forest patches, they
received higher values than when using the development density measure.
Conservation planning scenarios
Scenario 1
The first hypothetical conservation planning scenario that I evaluated using the model
simulates the preferences of a group that is interested only in remote, pristine forested areas. As a
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Figure 16 – Scoring of sites using the tool developed in this study. Equal weights were assigned to each site context, abiotic variety, patch geometry
and rare/ threatened species. Utility was assigned to dataset values based upon equal area quantiles.
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Figure 17 – Scoring of sites using the tool developed in this study, with forest density used as an indicator of spatial context in place of development density.
Equal weights were assigned to patch geometry, context and abiotic variety. Rare and threatened species were assigned a weight of 0, excluding the CPT output
from this scoring. Utility values were assigned using equal area quantiles.

result, I assigned the highest weight to Euclidean distance to development, since the single most
important factor for this group is that the site is far from human disturbance. Distance to forest
patch edge was also important, for similar reason. Least important were (1) the presence of rare
and threatened species, since the group was assuming that there would not need to be known rare
species if the area was remote enough, and (2) abiotic variety, since ability to cope with
disturbance will be measured by distance from development rather than the variety of abiotic
conditions (Table 4). For the variety of abiotic conditions, all but the lowest level of variety
yields the highest amount of utility possible. All areas within 500 meters of development were of
no value to this group, but areas further than 2000 meters received the highest value, because
areas beyond this distance threshold would be considered to be pristine. The quantiles approach
was followed to assign utility values to the distance to the edge of the forest patch, since the
areas most buffered by forest would be of the most value (Table 5). Despite the low weight
assigned to the CPT scoring, the first conservation planning scenario produced a more similar
scoring to the CPT, when observed at the statewide scale (Fig. 18). Most areas receiving the
highest ranking were located in the mountains in the western parts of the state that were far from
development. However, higher rankings were also given to some of the less developed areas of
the coastal plain which have been designated by the CPT as important to rare and threatened
species. Most areas of the Piedmont, where there is much development and very fragmented
patches of forest, received very low scores, indicating that there are not many areas that
potentially fit the criteria of the interest group.
Table 4 – Weights assigned to the datasets representing the four attributes of biodiversity
and wildlife habitat in the first conservation planning scenario.
Attribute
Representative Dataset
Weight
Contextual Indicator
Distance to Development
0.5
Patch Geometry
Distance to Forest Edge
0.3
Abiotic Variety
Focal Variety of Surrogates
0.1
Rare/Threatened Spp.
CPT Biodiversity Scoring
0.1
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Figure 18 – Scoring of sites produced in the first conservation planning scenario outlined in this study

.
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Table 5 – Utility values assigned to the attributes of biodiversity value in the first conservation planning
scenario.
Utility
Original Dataset Value
Value
Zipcode Focal
Zipcode Focal
Zipcode Focal
Distance to
Assigned Variety - Coastal
Variety - Piedmont
Variety - Blue
Distance to
Forest Patch
in Model
Ecoregion
Ecoregion
Ridge Ecoregion
Developement
Edge
0
0 - 499
30
1
31 - 41
2
42 - 59
3
500 - 999
60 - 83
4
84 - 107
5
1
1-2
1000 - 1999
108 - 133
6
2
1-3
3
134 - 173
7
3
4-5
4
174 - 233
8
4
6-7
5
234 - 334
9
5
8
6
335 - 602
10
5 - 22
9 - 25
7 - 17
2000 - 13990
603 - 10229

The results of the scorings produced by the first scenario are exemplified in the northwest
area of the state just outside the city of Boone in Watauga County (Fig. 19). In this area, there are
several sites that have received the highest ranking from the CPT because they are within state or
National Significant Natural Heritage Areas (refer to Fig. 2 for scoring assignments in the CPT).
The scorings in scenario one also assigned these areas relatively high rankings, despite the low
weight given to the CPT scoring. However, the first scenario’s scoring also identified a number
of other mountainous areas within the region as having high conservation value that the CPT
excluded. These are the types of areas that the conservation group would want to consider. Such
areas lack the confirmed presence of rare or threatened species, but appear to contain some of the
similar geometric, contextual, and abiotic characteristics of such areas. The model developed in
this study can help to identify such areas, allowing conservation planners to consider them and
make a final decision about whether such sites are actually of high conservation value.
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Figure 19 – Comparison of a site in northwestern North Carolina between model outputs. Most areas ranked highly by the CPT also receive higher
values in the scenario 1 scoring. However, the first scenario identifies additional sites of high potential conservation value that may house biodiversity.

Scenario 2
The second hypothetical conservation planning scenario is for a group that wants to
conserve remaining habitat that exists within relatively close proximity to development. The
development density measure of spatial context was used because the lowest values are given to
sites that are near a lot of development; if an area is mostly forested it will not be devalued
because of the presence of some development. The highest weight was assigned to the rare and
threatened species attribute, because if an area is known to contain such a species its
conservation is essential. The variety of abiotic conditions at a site was also very important,
because anthropogenic disturbances in the form of development pressures and future climate
change are inevitable at this type of site (Table 6). Equal area quantiles were used to classify all
but the distance to forest patch edge measure, because all but the very edges of forest patches
were equally valuable (Table 7). Highly ranked areas in this scenario were similar to those
identified by the CPT, both in the mountains and on the coast (Fig. 20). The highest of scores
were given to sites in the mountains that had high levels of abiotic variety in addition to rare and
threatened species. However, the primary difference is that this scoring does not exclude the
highly fragmented Piedmont and Coastal Plain, giving mid-ranged scores to sites interspersed
throughout these areas. Areas close to development and urban areas that were excluded in the
previous scenario were also given mid-ranged scores.
Table 6 – Weights assigned to the datasets representing the four attributes of biodiversity
and wildlife habitat in the second conservation planning scenario.
Attribute
Representative Dataset
Weight
Contextual Indicator
Development Density
0.2
Patch Geometry
Distance to Forest Edge
0.1
Abiotic Variety
Focal Variety of Surrogates
0.3
Rare/Threatened Spp.
CPT Biodiversity Scoring
0.4
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Figure 20 – Scoring of sites produced in the second conservation planning scenario outlined in this study.

Table 7 – Utility values assigned to the attributes of biodiversity value in the second conservation planning scenario.
Utility
Original Dataset Value
Value
Zipcode Focal
Zipcode Focal
Zipcode Focal
Distance to
Assigned Variety - Coastal
Variety - Piedmont
Variety - Blue
Development
Forest Patch
in Model
Ecoregion
Ecoregion
Ridge Ecoregion
Density
Edge
0
1
1–3
1–2
441 - 1600
30
1
2
4–5
3
207 - 440
2
3
6–7
4
140 - 206
3
4
8
5
107 - 139
4
5
9
6
85 - 106
5
6
10
7
67 - 84
31 - 60
6
7
11
8
51 - 66
7
8
12 - 13
9
37 - 50
8
9
14
10
18 - 36
9
10
15 - 16
11
1 -17
10
11 - 22
17 - 25
12 - 17
0
61 - 10229

One type of area of interest to the conservation planners in the second scenario is
exemplified by the ranking of sites to the west of Winston-Salem (Fig. 21). While the CPT gave
most sites in this area a score of 0, suggesting that they are the least likely to have conservation
value, the ranking produced in the second scenario assigned low to mid-ranged scores to many
sites in the area. The highest scores still went to the few sites identified as having high value by
the CPT, but there were a number of other sites that received rankings just below the highest
given in the study area. In an area lacking in highly ranked sites, the model scoring has suggested
a few areas where conservation planners might want to investigate if attempting to conserve
valuable sites near urban areas.
Distribution of scores
Some of the effects of using a MAUT-based approach to rank sites based upon
conservation value can also be seen by calculating the relative proportions of the state that fall
under each score value in the different iterations of the model developed in this study (Table 8).
Trends in the distribution of scores in the CPT model are determined by the areal coverage of
input datasets. Most parts of the state lack coverage in any of the CPT datasets. As a result, the
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Figure 21 - A comparison of the CPT scoring with the second scenario scoring. The scenario 2 scoring identifies a gradient of lower values in areas
where the CPT did not identify any value. These areas might be of interest to conservation planners looking to focus their efforts in this area.

vast majority of sites across the state receive a ranking of 0 (Fig. 2). The next highest area
received a score of 6, probably indicating that the types of datasets that could potentially receive
a six under the maximum value algorithm used in the CPT covered a larger area than other input
datasets. The scorings produced in this study follow different distributions than the scores in the
CPT. While most peak in the lower values, it is important that they do not assign a value of 0 to a
high proportion of areas. By including measures of different attributes of biodiversity, the model
scorings are able to identify potential value in sites where the CPT did not contain any
information. Additionally, all the scorings produced in this study contained far fewer sites
receiving the highest rankings possible. This is suggestive of how the attributes of conservation
value are distributed; it is difficult for a single site to represent all possible attributes. It is much
more likely that some fraction of those attributes will be represented at a site, and that a site’s
relative importance will be based upon tradeoffs between attributes that the user of the model has
established and added as parameters to the model.
Table 8 – The relative proportion of area of the state of North Carolina receiving the corresponding score
in each of the different iterations of the model developed in this study.
Percentage of total area receiving corresponding score (%)
CPT
Equal Weights
No CPT
Forest Density
Scenario 1
Scenario 2
Score
Figure 15
Figure 16
Figure 14
Figure 17
Figure 18
Figure 19
0
60.0
4.0
4.8
8.0
33.3
4.0
1
4.9
21.3
17.9
24.6
23.9
24.2
2
5.9
23.4
21.6
21.7
14.2
24.4
3
2.7
18.5
21.2
15.3
12.6
15.4
4
0.2
14.2
16.3
8.8
7.1
10.7
5
1.2
10.7
6.1
6.4
2.4
10.2
6
11.2
3.6
4.4
5.6
3.7
7.2
7
4.5
2.0
3.3
4.2
1.4
1.9
8
2.1
1.4
2.9
3.7
0.6
1.3
9
0.7
0.8
1.1
1.4
0.1
0.5
10
6.5
0.1
0.3
0.4
0.7
0.1
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DISCUSSION
Benefits of MAUT framework
Assignment of weights and values
Multi-attribute utility theory is designed to cope with some of the highly subjective
decisions that are made when setting conservation priorities, resulting in a more transparent and
flexible decision making process. By allowing users to input their own weights and values for
established attributes, MAUT emphasizes the point that the final scoring in a decision problem is
subjective and it makes clear what tradeoffs were made via the weights and utility values. One
accomplishment of an objectives hierarchy is that the attributes that contribute to an objective are
widely acceptable. Put in the terms of conservation, attributes of a site that contribute to its
conservation value are likely to be less controversial than the assignment of utility values to each
attribute level and or the assignment of weights indicating relative contribute of each attribute to
overall value. A conservationist interested in a functional network of sites would not argue that
the presence of rare or threatened species is not important, only that it is less important than the
proximity of a habitat patch to other patches. MAUT also allows for users to specify the utility
that is contributed by different levels of an attribute. A conservationist interested only in the most
pristine of habitat might specify that all distances to patch edge of greater than 5 kilometers yield
the highest possible level of utility, while another who only wants to assure a small diffusion of
edge effects might specify that all distances of greater than 1 kilometer receive the highest
possible level of utility. By allowing this type of flexibility, the model does not make
assumptions about the utility functions of its users.
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Identification of objective attributes
Most sample iterations of the model produced in this study produced scorings that
captured the highest scores assigned by the Conservation Planning Tool (CPT) in the Southern
Blue Ridge Ecoregion. High abiotic heterogeneity, limited amount of development, and large
patches of contiguous forest led to very high scores for large stretches of the Ecoregion,
including the areas already identified as of high value by the CPT. This suggests that the
measures used in the model adequately captured their intended attributes, producing scorings that
would allow conservation planners to look beyond known areas of biodiversity in the region.
However, iterations of the study model did not produce very many high scores in the Piedmont
and Coastal Ecoregions, including those ranked highly by the CPT. While this may be a result of
high levels of development and fragmentation in these areas, it also is possible that the soil and
topographic abiotic surrogates were not able to predict areas of high conservation value. By
confining the analysis scale to Ecoregion, it prevents decision-makers from making comparisons
across Ecoregion boundaries. While this study used abiotic variety to represent the buffering
capacity of a site, zipcoded datasets of abiotic surrogates can also be assigned direct utility
values based upon the number of element occurrences of rare or endangered species that they
house (Leddick 2008). Thus, a site containing a combination of abiotic factors that have been
shown to house a number of rare or threatened species in various places across the landscape
would provide more utility than one not shown to contain any such element occurrences. The
selection of measures that are able to accurately represent the attributes of conservation across
the landscape is essential to the production of a scoring relevant to conservation planning.
Further studies might investigate what other measures of patch context, geometry and abiotic
variety would be better able to capture areas of high biodiversity value.
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Identification of sites of potentially high value
Another advantage of using MAUT to extend the scoring produced by the CPT is that
areas that have not been identified as important habitat for rare or endangered species are not
assigned the lowest possible ranking because of a lack of data. The study model assigned high
rankings to areas of the Blue Ridge Ecoregion that the CPT identified as important and produced
similarly low scores for urbanized areas. A primary difference is that the study model produced a
gradient of results from very low to middle-ranged in the areas that the CPT assigned its lowest
value. Conservation planners looking to focus their work in one of these areas lacking in data on
rare species occurrences could use this gradient to identify areas of relative importance and to
suggest priority areas for field sampling. For example, a site in the Piedmont Ecoregion that
received a final scoring of 5 may be ranked lower than many sites in the mountains, but has the
potential to be the highest ranked site in its county. Conservationists looking to act on the county
level would be very interested in this site relative to the rest of the county, even if those
operating on a statewide scale might overlook it. The scoring cannot replace field studies and
cannot guarantee the presence of a natural community of interest to conservationists. However, it
can help to identify areas that have the potential to house biodiversity and serve as wildlife
habitat in what is otherwise a fragmented, urbanized landscape.
Limitations of MAUT framework
While implicit in the execution of MAUT using a GIS, it is necessary to emphasize that
the final scoring of such a model will reflect the coverage of the input datasets. This study has
shown that different measures can be used for the same attribute, and that the selection of a
measure will affect the ultimate scoring. In the case of the patch context attribute, if Euclidean
distance to development is used as the measure the only areas that will receive the highest
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ranking will be in western parts of the state, where development is less dense. If the focal density
of development is used, fragmented patches of forest are not assigned the lowest rankings solely
because they have development nearby. The scoring produced by the CPT shows no value for
much of the landscape. This is a result of datasets that show sites that, while of confirmed value
to conservation, do not cover much of the landscape. These datasets contain known information
about rare and threatened species, but the CPT does little to address what is not known
definitively. Few conservation planners would argue that all areas that fall outside of these select
datasets are of no value to conservation. It is possible to identify areas of high value proximate to
known areas of value as identified by the CPT, and to identify areas that have potential
conservation value that are near areas that have little known conservation value, shown in the
first and second scenarios executed in the study. Scorings produced by this study fill in some of
the gaps in the landscape where datasets in the CPT lack coverage, helping to identify new areas
of potential value to conservation.
Future applications of MAUT framework in North Carolina Conservation Planning
While the tool developed in this study uses the CPT scoring as a stand-alone dataset, it
would also be useful to structure the CPT’s input datasets in an objectives hierarchy. This would
entail determining the attributes and subattributes of known species occurrences, and would
effectively extend the objectives hierarchy developed in this model into the attributes of speciesbased biodiversity value. Subattributes may include such divisions of species as mammals, birds,
amphibians or plants, or expressions of the importance of a given species, such as whether it is
locally, regionally or globally threatened. Separating contributing attributes would help to
address some of the problems encountered when trying to aggregate datasets that share similar
sources while still allowing the model to capture their full values. The maximum value algorithm
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used by the NHP is effective in preventing the double counting of a similar value, but it does not
allow areas that house multiple values that should be aggregated to be ranked properly. The CPT
also incorporates both terrestrial and aquatic attributes into a single scoring. Consideration
should be given to how terrestrial and aquatic attributes contribute to a site’s conservation value.
A future study could demonstrate how an internal restructuring of the CPT could affect its
results.
By supplementing the North Carolina Natural Heritage Program’s CPT with additional
datasets, this study has demonstrated how the current tool can be expanded to bring more
information into the decision making process. Conserving areas where rare and threatened
species are known to be found is of obvious importance, but expanding the decision making
toolset to include the types of information used in this study could help to identify other
important sites that are not known to house targeted species.
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