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Abstract 

Land conservation and land use planning are the essential approaches in 

mitigating human disturbances and maintaining ecological functions. These approaches 

require identification and prioritization of different land characteristics to efficiently 

conserve the areas that represent significant biodiversity values. In North Carolina, the 

Conservation Planning Tool (CPT) was developed by the North Carolina National 

Heritage Program (NCNHP) to achieve this goal. However, the weighting method in CPT 

falls short in that it does not assign greater credit to areas with multiple values, and it 

ignores the biophysical characteristics that may contribute to the values of biodiversity.  

In order to critique the issues in CPT, I developed a rating tool based on Multi-

Attribute Utility Theory (MAUT) analysis and incorporated biophysical measurements 

into the new habitat prioritization. I consulted Allison Weakley, the Conservation Planner 

of the North Carolina Natural Heritage Program, to assess the levels of preference and 

weights for each measurement, and used these results to calculate the final score. Because 

the methods of utility and weight assessment in the two systems are considerably 

different, I used qualitative criteria to compare the advantages and disadvantages of the 

two rating systems.  

The results show that the new rating tool is able to address the weighting problem 

in CPT, is less redundant in the selection of measurements, and offers more 

comprehensive data completeness. On the other hand, CPT is friendlier for tool users 

who may not be familiar with the technical details, more flexible in accommodating new 

measurements, and more comprehensive in evaluating both aquatic and terrestrial 

habitats.  
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Introduction 

Human activities are causing the rate of species extinction to be 100 to 1000 times 

faster than the pre-human level (Pimm et al., 1995). In spite of some locally successful 

programs and increasing public awareness, the extinction rate shows no sign of 

significant reduction (Butchart et al., 2010); therefore, more systematically integrated 

conservation actions are required to tackle the loss of biodiversity. Threats to the loss of 

biodiversity can be broadly divided into five categories, such as lost habitat, introduced 

species, pollution, population growth, and over-consumption, and all of them can be 

attributed to human disturbance and development (Wilson, 1989). Approaches such as 

land conservation and land use planning are important in mitigating human disturbances 

and maintaining ecological functions and the natural evolution process (Grumbine, 1994). 

To achieve these goals and preserve biodiversity, the very first step is to identify the 

habitats used by the rare and endangered species or the important ecological functions 

that support those species. Because the resources for conservation are limited and it is 

impossible to protect all desirable lands, prioritization can help the conservation planner 

in the process of decision-making and improve the efficiency and efficacy of preserving 

biodiversity. 

In North Carolina, the Conservation Planning Tool (CPT) is the current 

prioritization tool for land conservation. However, there are some limitations in the 

current CPT. To address the limitations in the CPT and critique it, I developed an 

alternative land prioritization tool and compared it qualitatively with CPT to analyze the 

advantages and disadvantages of both land prioritization tools. 
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The Conservation Planning Tool (CPT) of the North Carolina National 

Heritage Program (NCNHP) 

The North Carolina National Heritage Program (NCNHP) is a conservation 

planning program directed by the North Carolina Department of Environment and 

Natural Resources (NCDENR). The Natural Heritage Program collects information on 

the rarest and most outstanding natural resources in North Carolina and uses that 

information to assure that these natural elements of diversity are taken into consideration 

in the decision-making process of land-use and development, allowing economic 

progress without sacrificing the most significant natural resources in North Carolina 

(NCDENR, 2008). 

In cooperation with The Nature Conservancy and NatureServe, the two major 

conservation organizations in the U.S., the Conservation Planning Tool (CPT) was 

developed to achieve the goal of identifying, evaluating, and prioritizing the most 

important natural resources to support the sustainable ecosystems in North Carolina. 

Currently there are six assessment tools under CPT: Biodiversity/Wildlife Habitat, 

Forestry Lands, Farmland, Open Space and Conservation Lands, Marine/Estuarine, and 

Water Services. These assessments show the locations and conservation values of 

significant natural resources across North Carolina (NCDENR, 2012). The results of the 

assessments have been adopted by the local governments, state agencies, and the 

conservation organizations, and used to support the decision-making process in land use, 

conservation, mitigation, and transportation. 
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Biodiversity and Wildlife Habitat Assessment of the Conservation Planning 

Tool and its limitations 

Biodiversity and wildlife habitat assessment (BWHA) is one of the six 

assessments under CPT. Its goal is to assess and rank an area based on its capacity to 

support ecological functions and sustain biodiversity (NCDENR, 2008). The CPT divides 

all North Carolina land into small parcels (30 x 30 meter pixels) and assigns a value from 

each category to indicate its capacity. Several terrestrial and aquatic indicators have been 

adopted by BWHA as direct or indirect measurements of biodiversity and ecological 

integrity, for example, designation as a Significant Natural Heritage Area or as wetlands. 

Table 1 below shows all the categories and their classifications used in BWHA. 

All the conservation values in a category are determined by the specialists in the 

North Carolina Natural Heritage Program (NCNHP) to represent its overall rarity, 

accuracy, and completeness of the data. Values range from 1 to 10, with 10 being the 

most valuable parcel and 1 being the least valuable. For example, the category of 

Division of Water Quality (DWQ) rating has five levels (outstanding, excellent, high 

quality, good, and other) and a value of 10, 9, 8, 7, or 1 is assigned to each level, showing 

its relative conservation value.  

A maximum ranking approach is used to summarize and combine the ratings from 

all categories. This means although each grid cell can have different rating values from 

every category, the combined value for each cell is the value of the highest rating. For 

example, if cell A has ratings 10, 1, 1 from three categories, and cell B has ratings 9, 8, 

and 7, the final ranking for cell A is 10, and 9 for cell B. The maximum ranking approach 

allows the most valuable areas to be identified without having their ratings diluted by the 
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absence of information on other factors. By only selecting the highest rating from a single 

category, the maximum ranking approach also prevents data redundancy (i.e., where 

Table 1.  Key to identify tool results for the Biodiversity/Wildlife Habitat 

Assessment (BWHA) (NCDENR, 2008). 

Category 

Name 

Value Individual Input Layers 

Natural 

Heritage 

Program 

(NHP) 

10 Significant Natural Heritage Areas (SNHAs) National or State 

Significance 

8 SNHAs Regional Significance 

6 SNHAs Local Significance 

5 Element Occurrences - High ranking 

4 Element Occurrences - High ranking - other 

Guilds 1-10 Landscape Habitat Indicator Guilds 

Important Bird 

Area (IBA) 

6 Important Bird Areas 

Wetlands 

 

7 Coastal Region Evaluation of Wetland Systems /CREWS - 

Exceptional Ranking 

6 CREWS - Substantial ranking 

5 National Wetlands Inventory 

2 CREWS - Beneficial ranking 

Division of 

Water Quality 

(DWQ) 

10 Outstanding Resource Waters 

9 BioClass Excellent 

8 High Quality Waters 

7 BioClass Good 

1 All other streams 

Fish Habitat 9 Native Brook Trout 

 8 Anadromous Fish Spawning Areas 

 Fish Nursery 8 Fish Nursery Areas 

Watersheds 7 Stream buffer tributaries to Threatened & Endangered Species 

 3 Priority Watersheds 

Marine 8 Oyster Sanctuaries 

 6 Submerged Aquatic Vegetation 

Hardbottom 8 Open Shellfish /Hardbottom 

 7 Hardbottom 

 5 Closed Shellfish /Hardbottom 
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more than one criterion expresses a similar quality, such as occurrence of rare species) 

and reduces the risk of double-counting qualities for which there are multiple criteria, 

which can be problematic in devising approaches to combining multiple criteria. 

Although there are advantages to using the maximum ranking approach, this 

approach also has its limitations. The CPT assessment team recognizes and admits that 

this approach can fail to give higher credit to a parcel with multiple, non-redundant 

values (NCDENR, 2008). For example, for two land parcels, both rated as exceptional in 

the wetland category, both parcels would have a rating value of seven. Here, assuming 

that one of the land parcels is also an Important Bird Area with a rating value of six and 

the other parcel is not an Important Bird Area, with the maximum ranking approach the 

result will still give the two parcels a rating value of seven, and fail to give more weight 

to the first parcel for also being an Important Bird Area. This example shows that 

although the assessment team has more information in the beginning stage, some 

information will not be represented and will be ignored in the final rating (ranking), 

leading to an incorrect land prioritization. The problem created by using the maximum 

ranking approach can be addressed by using another weighting method, giving more 

weight to those parcels with multiple non-redundant attributes. 

The other issue of the current CPT is that the measurements it adopts are either 

biological or ecological measurements. This implies that the parcel selected by using 

these attributes can only reflect the current biological and ecological status that has been 

observed. That is, the selected measurements cannot identify other valuable parcels 

simply because these other parcels lack records or documentation. In fact, the lack of 
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observation (the no-data issue) is hard to overcome because it is costly to perform a 

comprehensive investigation, and animals and plants live in a both temporally and 

spatially dynamic environment. 

This issue can be addressed by including other measurements into the rating 

system. Indicators of biophysical and landscape patterns have been demonstrated to 

identify biodiversity hotspots (Venevsky and Venevskaia, 2005).  In this case, we can use 

biophysical measurements that are correlated with biodiversity (Costanza et al., 2011), or 

other topological and geospatial features that are beneficial to biodiversity (e.g., the 

wildlife corridor) (Gurrutxaga et al., 2010). Comprehensive information about these 

physical and geospatial characteristics is relatively easy to acquire through remote 

sensing and geospatial analysis. These measurements are also affected less by the 

dynamic biological environment. 

Project Objectives 

The main objective of this project is to address two issues with the current 

Conservation Planning Tool (CPT) and provide a critique of the CPT. In this project I 

first developed a different rating system based on multi-attribute utility theory (MAUT) 

and compared it with the current CPT system. The new rating system also included two 

biophysical measurements to address the issue of having no data for some cells in the 

CPT rating system.  

The new rating system adopts the same objective as the tool used by NCDENR, 

that is, to identify and prioritize the significant natural resources that support ecological 

functions and sustain biodiversity in North Carolina. In addition to bringing a different 
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perspective to prioritizing natural resources, this project also aims to identify the 

advantages and the limitations of both assessment tools by examining the two rating 

systems with several qualitative criteria.  

Materials and Methods 

Multi-attribute Utility Theory (MAUT) 

The tool multi-criteria decision analysis (MCDA) was developed to assist the 

decision maker in dealing with the problems arising from multiple priorities or 

objectives. The tool has been adopted in many environmental decision-making processes 

(Kiker et al., 2005). The nature of land prioritization for biological conservation is itself a 

multi-criteria decision-making process, because the goal is to rank different land parcels, 

and each land parcel possesses multiple attributes that contribute to its conservation 

value. For example, these land attributes could be ecological functions such as stream 

buffering and water purification, or the habitat used by certain endangered species, or a 

specific type of landscape or ecosystem.  

Multi-attribute utility theory (MAUT) is one of the many methods developed 

under MCDA for the decision makers to perform multi-criteria decision analysis. MAUT 

methods applied in this project are from the decision analysis textbook, Making Hard 

Decisions (Clemen and Reilly, 2001). This text describes five major components of 

performing an analysis using MAUT: (1) objectives hierarchy; (2) measurable attributes 

(measurements); (3) utility functions; (4) weights; and (5) performance matrix. 
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The objectives hierarchy can help us identify the sub-objectives under the main 

objective and the measurable attributes for each sub-objective. The measurable attributes 

are the direct or proxy data (or indices) used to evaluate the performance of each sub-

objective. Utility functions reflect the levels of preference among categories or values of 

a measurement. For example, the measurement Significant Natural Heritage Areas 

(SNHAs) has five different categories and the decision maker may have different levels 

of preference for each category. The decision maker provides input to generate the 

weights with which to combine all the measurable attributes, and the performance matrix 

is the final result from MAUT. In this case, because in this analysis I divided all the lands 

in North Carolina into 30m by 30m pixels, the performance matrix contains the final 

scores of all pixels. 

Geospatial Data and Geospatial Analysis 

In this project I used the geospatial analysis software, ArcMap 10 (ESRI, 2010) to 

perform all the geospatial analyses. 

To address the “no-data” problem in CPT and to reflect topographic features that 

are beneficial to biodiversity, I developed two measurements (heterogeneity and 

connectivity indices) from remote sensing data. The details are explained in a later 

section, “Measurable Attributes.” 

All the original data layers used for measurable attributes were downloaded from 

their official websites (Table 2). For data processing, all the layers were converted to the 

same pixel size (30m by 30m) and then to the same projection to allow calculations 

between layers. Next, the processed layers were converted to utility maps based on their 
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utility functions as assessed from the decision maker. All the utility maps were then 

combined together into one map of final scores based on their weights from the decision 

maker. 

Table 2. GIS data sources for Multi-Attribute Utility Theory (MAUT) land 

prioritization rating system. 

Data Layer Name Data Source and Websites 

Significant Natural 

Heritage Areas  

(SNHAs) 

North Carolina Natural Heritage Program 

(http://www.ncnhp.or/). Date Accessed: Feb 1, 2012 

Gap Analysis Program 

(GAP) Species 

Richness 

North Carolina GAP Analysis Project 

(http://www.basic.ncsu.edu/ncGAP/index.html). Date 

Accessed: Feb 1, 2012 

National Elevation 

Dataset (NED) 

USGS Seamless Data Warehouse 

(http://seamless.usgs.gov/ned1.php). Date Accessed: Feb 1, 

2012 

Soil Type Soil Survey Geographic (SSURGO) Database 

(http://soils.usda.gov/survey/geography/ssurgo/). Date 

Accessed: Feb 1, 2012 

North Carolina 

Managed Areas for 

Conservation 

North Carolina Natural Heritage Program 

(http://www.ncnhp.or/). Date Accessed: Feb 1, 2012 

National Land Cover 

Database 2006 

Multi-Resolution Land Characteristics Consortium (MRLC) 

(http://www.mrlc.gov/index.php). Date Accessed: Feb 1, 

2012 

Overall Wetland 

Ranking 

Division of Coastal Management, North Carolina 

Department of Environment and Natural Resources 

(http://dcm2.enr.state.nc.us/wetlands/nccrews.htm). Date 

Accessed: Feb 1, 2012 

Important Bird Areas North Carolina Audubon Society 

(http://ncaudubonblog.org/downloads/). Date Accessed: Feb 

1, 2012 

Biodiversity and 

Wildlife Assessment 

North Carolina Natural Heritage Program 

(http://www.ncnhp.or/). Date Accessed: Feb 1, 2012 

http://www.ncnhp.or/
http://www.basic.ncsu.edu/ncgap/index.html
http://seamless.usgs.gov/ned1.php
http://soils.usda.gov/survey/geography/ssurgo/
http://www.ncnhp.or/
http://www.mrlc.gov/index.php
http://dcm2.enr.state.nc.us/wetlands/nccrews.htm
http://ncaudubonblog.org/downloads/
http://www.ncnhp.or/
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Criteria for Comparing Two Rating Systems 

After acquiring the utility functions and weights for each measurement from the 

decision maker and calculating the final scores of each pixel, I developed six criteria to 

compare and evaluate the two different rating systems. These criteria include: 

Comprehensiveness: Comprehensiveness means the ability of the model to capture all 

aspects of the main objective. 

User-friendliness: The rating system should be easy to understand, especially for 

decision makers and policy makers who may not be familiar with the technical details. 

Data Reliability: Data reliability means the quality (spatial accuracy and data 

completeness) of the data and whether the data layer is a good biodiversity indicator. 

Data Demand: Data demand means the difficulty of acquiring all the data for the model 

and the difficulty of processing the acquired data.  

Non-redundancy: Non-redundancy means the measurements used in the model are not 

repetitive. That is, any two of the measurements should not represent similar land 

characteristics. 

Flexibility: Flexibility means the ability to improve or modify the model when new 

information is available or when the situation changes. 

MAUT Terrestrial Habitat Prioritization Model 

Objectives Hierarchy 

On the left side of the objectives hierarchy (Fig. 1) is the decision maker’s main 

objective. In this case, my main objective would be in line with the one from NCDENR, 

that is, to prioritize lands with high biodiversity values in North Carolina.  
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The second level (middle) of the objectives hierarchy contains several sub-

objectives that further define the details of the main objective. In my project, I believe 

these include the existing biodiversity, landscape pattern, and ecological function. The 

idea of dividing the main objective into these three sub-objectives is based on Noss’s 

work on biodiversity indicators, in which the author uses composition, structure, and 

function to represent the components of biodiversity (Noss, 1990).  

At the right side of the objectives hierarchy are the measurable attributes in their 

operational terms. In my case, I adopted two measurable attributes for each sub-objective.  

 
Figure 1. Objectives hierarchy of the Multi-Attribute Utility Theory (MAUT) rating 

system for biodiversity of North Carolina lands. The main objective is further 

divided into three sub-objectives and six measurable attributes.  

 

Prioritize lands with 
high biodiversity 
values in North 

Carolina 

Existing biodiversity 

Significant Natural 
Heritage Areas 

(SNHAs)  

GAP Species Richness 

Landscape pattern 

Heterogeneity Index 
(HI) 

Connectivity Index (CI) 

Ecological function 

Overall Wetland 
Ranking (OWR) 

Important Bird Areas 
(IBAs) 
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Measurable Attributes 

In this section I explain the rationale for using the six measureable attributes I 

chose. 

Existing biodiversity: the identified or documented area with existing species and 

natural communities. 

1. Species richness: 

Species richness is a natural and direct measurement of existing biodiversity. The higher 

numbers of species richness in an area indicate higher diversity. To measure the species 

richness in North Carolina, I used the results from the NC GAP (Gap Analysis Program) 

species distribution model (USGS, 2006). The distribution model represents the species 

richness of terrestrial vertebrates (birds, mammals, reptiles, and amphibians) that are 

known to have bred for five of the last ten years and that occur regularly in North 

Carolina. 

 

2. Threatened and endangered species and natural communities: 

The loss of threatened and endangered species and natural communities can 

directly lead to the loss of biodiversity. Because of the vulnerability of these species and 

communities, they have a high value of biodiversity conservation. Significant Natural 

Heritage Areas (SNHAs) is the measurable attribute used in this project to represent the 

rarity of these natural elements. 
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SNHAs are delineated by the North Carolina Natural Heritage Program (NCNHP, 

2009). The areas contain the documented locations of rare species or rare or high quality 

natural communities. Table 3 below shows the definition of each category of SNHAs. 

Landscape pattern:  

In addition to the biological indicators measuring biodiversity, other structure-

based indicators like heterogeneity (habitat variety in an environment) and connectivity 

(difficulty in traveling between habitats) can also serve as biodiversity indicators 

(Lindenmayer et al., 2000, Noss, 1990). Here I refer to these structure-based indicators as 

the landscape pattern of an area. 

Table 3. Classifications and definitions of Significant Natural Heritage Areas 

(SNHAs) (NCNHP, 2009). 

SNHAs 

Category 

Definition 

National 

Significance 

National Significance: Sites containing examples of natural communities, rare plant or 

animal populations, or other significant ecological features that are among the highest 

quality occurrences of their type in the nation. Comparable (or more significant) sites 

may occur elsewhere in the nation. 

 

State 

Significance 

Sites considered containing examples of natural communities, rare plant or animal 

populations, or other significant ecological features that are among the highest quality 

occurrences in North Carolina after nationally significant examples. There may be 

comparable (or more significant) sites elsewhere in the nation or the state. 

 

Regional 

Significance 

These sites contain communities or species that are represented elsewhere in the state 

by better quality examples, but which are among the highest quality or best examples 

in their geographic region of the state. The geographic region within which they are 

considered is based on location and geologic and/or geomorphic similarity. Regions 

consist of areas that are relatively similar in their geology, soils and other ecologically 

important factors. They are about the size of five counties, but do not necessarily 

follow county lines. 

 

County 

Significance 

These sites contain communities or species that are represented elsewhere in the region 

by better quality examples, but which are among the highest quality or best examples 

in their county. 

 

Non SNHA Area which is not SNHA. 
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1. Heterogeneity: 

The spatial heterogeneity in habitat structure increases the coexistence of species 

through “resource partitioning” (Tilman and Kareiva, 1997). This increase implies that 

the higher the spatial heterogeneity, the more species can coexist in that area. 

Unfortunately there is no readily available index to measure spatial heterogeneity.  

To come up with an applicable index, I used three layers of geospatial data sets to 

calculate the habitat heterogeneity. The first layer is potential solar radiation. It is 

calculated using the Hillshade function in ArcMap from the National Elevation Dataset 

(NED) (Gesch et al., 2002). This function calculates the level of solar exposure based on 

the slope and aspect. The second layer is relative wetness level. The data is calculated 

using the Relative Slope Position function in ArcMAP and the input data is also from 

National Elevation Dataset (NED). The relative slope position calculates the relative 

position of a site between a ridge and a valley; it can be used as a proxy for relative 

wetness, with the ridge reflecting lower wetness and the valley reflecting higher wetness. 

The third layer used is the soil type  from the Natural Resource Conservation Service 

(NRCS, 2012). The layers of relative wetness and solar exposure were reclassified into 

five even classes. Each soil type was assigned a unique serial number representing its soil 

type. This method of combining different biophysical indicators into one number is called 

the zipcode method (Kintsch and Urban, 2002). 

Zipcode = (100 * Soil Types) + (10 * Relative Wetness) + (Solar Exposure) 

By assigning the three biophysical characteristics to different digits, the zipcodes 

thus provide a unique combination representing the relative wetness, solar exposure, and 
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soil type of a pixel (30m by 30m). To calculate the habitat heterogeneity around a pixel, I 

used the function “Focal Statistics” in ArcMap to search the variety of zipcodes within 

300 meters. I then reclassified the numerical results into 10 classes using Jenk’s Natural 

Break method (Jenks, 1967) to reduce the variance within classes and maximize the 

variance between classes. 

2. Connectivity:  

Habitat loss and fragmentation are two major results of landscape alterations. 

Habitat loss refers to the reduction of the amount of habitat. Fragmentation is the process 

of increasing the number of patches and the amount of overall edge, decreasing 

individual patch size, and reducing connectivity from increased distance between patches 

(Fahrig, 2003). Although research implies that the connectivity and fragmentation can be 

examined independently (Ims and Andreassen, 1999), another study defines the 

fragmentation as the disruption of landscape connectivity (Young and Jarvis, 2001). A 

later study further confirms the linkage between connectivity and biodiversity by 

demonstrating that the loss of biodiversity caused by fragmentation can be recovered by 

increasing the connectivity between habitat patches (Bailey, 2007).  

In this project, I defined the connectivity to be the connectivity between managed 

and protected lands for conservation in North Carolina (NCDENR, 2012). The difficulty 

of traveling between protected areas depends on the different land cover types occurring 

between them. I used the National Land Cover Database 2006 (Fry, 2011) to reflect the 

land cover types in North Carolina. The level of traveling difficulty is lower if the land 

cover type is more natural, and is higher if it is human-modified land cover. I used the 
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Cost Distance function in ArcMap to calculate the cumulative difficulty of travel to the 

nearest protected areas. Next, the cumulative difficulties were reclassified into 10 classes 

ensuring that each class has a similar area. The rankings were then reversed so that the 

higher rankings reflect better connectivity rather than difficulty. 

Ecological function:  

Many models and experiments have been proposed and demonstrated to describe 

the relationship between species richness and biological function. While the debate 

continues, most of the research implies a generally positive correlation between 

ecological functions and biodiversity (Schwartz et al., 2000).  

1. Wetlands as ecological function indicators: 

Wetlands are known for their multiple functions of water purification, flood 

control, ground water replenishment, and reservoirs of biodiversity, which provide a 

valuable ecosystem service for humans. As for many other species, wetlands also provide 

important habitats for nursery, feeding, breeding, and resting areas (Dahl, 2000). Other 

functions such as primary production and nutrient-cycling also contribute to species 

richness (Chabrerie et al., 2001). To measure the significance of the functions provided 

by wetland, I used the Overall Wetland Ranking (OWR) developed by North Carolina 

Coastal Region Evaluation of Wetland Significance (NC-CREWS). Water quality, 

hydrology, and wildlife habitats are three major factors being evaluated in the rating 

system (Sutter et al., 1999). Table 4 below shows the five ranks in OWR.  
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Table 4. Classifications and definitions of Overall Wetland Rating (OWR) (Sutter et 

al., 1999). 

OWR Rank Definition 

Exceptional 

ranking (High) 

A wetland is rated exceptional for its overall functional significance 

when it performs water quality, hydrologic and/or wildlife habitat 

functions at well above normal levels.  

 

Substantial 

ranking 

(Medium) 

A wetland is rated substantial when the wetland performs the three 

primary wetland functions at normal or slightly above normal 

levels.  

 

Beneficial 

ranking (Low) 

A wetland is rated beneficial when it performs the three primary 

wetland functions at below normal levels or, in some cases, not at 

all.  

 

Non-Wetland Area not classified as OWR 

 

Unable to 

Evaluate 

Potential wetland areas that are not rated in the NC-CREWS model 

because satellite imagery indicates that they have been recently 

altered.  

 

2. Important bird areas as ecological function indicators: 

Birds provide one of the most diversified ecological functions among vertebrates. 

They serve as genetic links, seed dispersers, pollinators, insectivores, resource links, 

nutrient depositors, and trophic process links (Sekercioglu, 2006). The ecological 

functions birds provide are also believed to complement the functions provided by 

mammals, and are more resilient to extirpation and less susceptible to environmental 

change (Holbrook et al., 2002). Birds are also the most visible biological components of 

an area, and they are inexpensive to survey. Most importantly, studies have also 

demonstrated that birds are able to reflect the trend of biodiversity (Gregory et al., 2003).  

All these characteristics of birds make them good biodiversity indicators. To 

represent the services birds provide, I chose Important Bird Areas (IBAs) as a proxy. 
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Identified by the National Audubon Society, the IBAs in the U.S. are essential habitats 

for one or more species. Site selection is based on the criteria of conservation concern 

such as threatened and endangered species; restricted-range species, species that are 

restricted to one or a few types of habitats; and species (or similar species) that are 

vulnerable due to their congregatory behavior (Audubon, 2012).  

The main idea is that the loss of those bird habitats can lead to the loss of the 

services they provide, so the more important areas should have higher values in 

biodiversity conservation. There are three categories of IBAs: Global, Continental, and 

State IBAs. However, the Continental IBAs are a newly defined category and the 

proposed areas will be reviewed by the committee, so currently there are no Continental 

IBAs in North Carolina (Golder and Smalling, 2010). As a result, including areas that are 

not IBA, there are three categories used in this project; definitions are listed in Table 5 

below. 

Utility Functions 

 After completing the objectives hierarchy (Fig. 1), the next step is to assess the 

utility functions for the measurements and their weights in the final score. Because each 

measurement has different categories (or values), the utility function reflects the relative 

preference levels of these categories (or values) from the decision-maker’s point of view. 

On the other hand, weights reflect the decision-maker’s priorities among measurements 

in calculating an overall score. The results of utility functions and weights allow us to 

calculate the final scores for all lands in North Carolina.  
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Table 5. Classifications and definitions of Important Bird Areas (IBAs) (Golder and 

Smalling, 2010). 

IBA Rank Definition 

Global 

IBA 

An area met one or more criteria below: 

A1. Endangered Species 

A2. Range-restricted Species 

A3. Biome-restricted Species 

A4. Globally Important Congregations 

North 

Carolina 

State IBA 

An area met one or more criteria below: 

NC 1: A site that regularly holds significant numbers of one or more species 

listed as Endangered or Threatened in North Carolina. 

NC 2: A site that regularly holds a significant population, or exceptional 

diversity, of one or more species that is declining or vulnerable in North 

Carolina. 

NC 3: A site that regularly holds significant concentrations of one or more 

species. 

NC 4: A site that regularly holds a significant suite of species associated 

with a habitat type that is representative, rare, or threatened in North 

Carolina. 

NC 5: Important Bird Research Areas 

Non-IBA Area is not designated as IBA 

 

   

To acquire levels of utilities and weights for each attribute, I consulted Allison 

Weakley, the Conservation Planner of NC Natural Heritage Program. Her participation in 

the development of the Conservation Planning Tool and familiarity with the 

measurements used in the current rating systems made her the ideal candidate to serve as 

the decision maker. This process is based on the assumption that her values are 

representative of the values of the residents of North Carolina.  

To perform the utility elicitation, I first explained my objectives hierarchy to the 

decision maker, Ms. Weakley. I also explained how I constructed the two measurements 
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for landscape pattern. In this project, the Certainty Equivalent (CE) is used to assess the 

utility level of measurements with continuous scales (GAP Species Richness, 

Heterogeneity Index, and Connectivity Index); the Probability Equivalent (PE) is used for 

measurements with distinct categories (Significant Natural Heritage Areas, Overall 

Wetland Ranking, and Important Bird Areas). The detailed methods applied in utility 

elicitation are described in Making Hard Decisions (Clemen and Reilly, 2001). 

For the utility levels of Significant Natural Heritage Areas (SNHAs) (Fig. 2A), 

the areas with regional and state significance are given the same utility levels.  The 

utilities for GAP Species Richness, Heterogeneity Index, and Connectivity Index are 

linearly correlated with species numbers or indices (Fig. 2B, 2C, 2D). The utility levels 

for Overall Wetland Ranking (OWR) and Important Bird Areas (IBAs) are evenly 

distributed over the utility range of 0 to 1 (2E, 2F).  

Figure 3 shows the utility values for areas in North Carolina one measurement at a 

time. The high utility areas for GAP Species Richness are located at Fort Bragg and in 

other coastal areas (Fig. 3B).  In the map showing the utility level of habitat 

heterogeneity (Fig. 3C), the major high value areas are located in the Appalachian 

Highlands. However, there are two areas in the Piedmont area that also show high 

heterogeneity, and the shapes are similar to the county boundaries for Wake and 

Alamance Counties. The classification of soil types was performed by the soil survey 

staff county by county, and so each county may end up having a different set of 

classifications; some counties also have more soil types than others. Although there is 

variation in the classification of soil types, the general trend that the Appalachian 

Highlands score higher in habitat heterogeneity is reasonable.
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Figure 2. Utility functions for six measurements in the MAUT rating system, as elicited from decision maker Allison Weakley. 
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Figure 3. Maps of the utility levels of six measurements in the MAUT rating system, as elicited from decision maker Allison 

Weakley. Larger maps are provided in Appendix A. 

A. Significant Natural Heritage Areas (SNHAs) B. GAP Species Richness 

C. Heterogeneity Index (HI) D. Connectivity Index (CI) 

E. Overall Wetland Ranking (OWR) E. Important Bird Areas (IBAs) 

Fort Bragg 

Alamance County 

Wake County 
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The low utility areas for connectivity are located in developed areas such as cities 

and farmland (Fig.3D). Because the wetlands in the Piedmont and Appalachian 

Highlands are relatively small, the high utility areas for Overall Wetland Ranking are 

located in the coastal plain (Fig. 3E).   

Comparison of Utility Functions in MAUT and CPT Systems 

The three indicators used in both CPT and MAUT rating systems are Significant 

Natural Heritage Areas (SNHAs), Overall Wetland Ranking (OWR), and Important Bird 

Areas (IBAs). Figures 4 to 6 compare the utility levels in both systems. In SNHAs, 

National and State Significance were assigned the same utility level in the CPT (both 

with the highest value of 10), but the utility level of State Significance is only 0.41 in the 

MAUT system. In addition, the utility levels of State and Regional Significance are 

similar (0.41 and 0.39) in the MAUT system, but the difference is relatively larger in the 

CPT (10 and 8). In general, the utility levels of SNHAs received higher utilities in the 

CPT system than in the MAUT system. 

For the utility levels in Overall Wetland Ranking (OWR) (Fig. 5), the Substantial 

Ranking received relatively similar utility values in both systems. The CPT system does 

not have a level of utility for Unable to Rank, but the decision maker gives this category a 

utility value of 0.3 in the MAUT system, which is close to that of Beneficial Ranking 

(0.4). In general, the utility levels of OWR in the MAUT system are higher than those in 

the CPT. 
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Figure 4. Comparison of utility levels of Significant Natural Heritage Areas 

(SNHAs) in the MAUT and CPT rating systems. 

 

 

Figure 5. Comparison of utility levels of Overall Wetland Ranking (OWR) in the 

MAUT and CPT rating systems. 
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Figure 6. Comparison of utility levels of Important Bird Areas (IBAs) in the MAUT 

and CPT rating systems. 
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the data have been verified by experts. On the other hand, measurements like GAP 

Richness and Important Bird Areas (IBAs) received relatively lower weights because of 

their low precision. The Heterogeneity Index (HI) and Connectivity Index (CI) 

measurements received the lowest weights because they are both modeled on GIS data 

and the decision maker thinks their relationship with biodiversity may require further 

verification. 

Figure 7. Weights of six measurements in MAUT rating system from decision maker 

Allison Weakley. 

 

Overall Utilities 

Comparison of the results of the two rating systems 

Figure 8 shows the final ranking in the CPT rating system (Fig. 8A) and in the 
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showing that SNHA quality is the major factor in the final rating in both systems. This 

result is expected, because SHNAs received higher utility values in the CPT system 

(which makes them stand out more easily in the final ranking, due to the use of the 

maximum as the overall score) (Fig. 4), and SNHAs also received higher weights in the 

MAUT system (which makes them contribute more in the final score). 

A difference between the two systems needs to be pointed out here. The CPT 

system only rates the places with recorded data, leaving the rest of the pixels (the pixels 

with no data in any category) unrated. This is why the rest of the pixels remain white (no 

data) on the final ranking of the CPT system (Fig. 8A). On the other hand, the MAUT 

system assumes the pixels without any utility rating to be zero utility instead of no data, 

and that is why the MAUT system has values for every pixel across the state of North 

Carolina. The inclusion of remote sensing data also allows the MAUT system to have 

scores for areas that do not have data in the CPT system. 

The MAUT Rating System Can Address the Problems in the CPT 

Addressing the problem with the maximum ranking approach 

One of the issues with the maximum ranking approach used in the CPT system is that 

some information may be lost in the final ranking, because this method only uses the 

highest rank indicator for the final ranking and ignores lower ranks in the rest of the 

indicators. To demonstrate that the MAUT system can include all the necessary 

information, two simulated scenarios were created for this purpose. In these simulated 

scenarios, I only included the three indicators used by both rating systems (SNHAs,
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Figure 8. Maps of final ratings of value from the Conservation Planning Tool (CPT) Biodiversity and Wildlife Habitat 

Assessment (BWHA) and the Multi-Attribute Utility Theory (MAUT) land prioritization rating system. (The tan area in the 

ocean in the BWHA represents an Important Bird Area, which is not included in the MAUT system because it is in the ocean.)

A. Biodiversity and Wildlife Habitat Assessment 
(BWHA), Conservation Planning Tool (CPT) 

B. Multi-Attribute Utility Theory (MAUT) Land 
Prioritization Rating System 
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OWRs, and IBAs) to make the scenarios easier to compare. In the first scenario, the 

selected pixels have an 8 in SNHAs ranking, 0 in OWR ranking, and 0 in IBAs ranking. 

In the second scenario, the selected pixels have an 8 in SNHAs ranking, 7 in OWR 

ranking, and 6 in IBAs ranking. In both scenarios the final ranking is 8 because the 

maximum ranking approach only chooses the highest rank as the final rank. In the second 

scenario, the pixels are also classified as exceptional wetland and important bird areas; 

however, these factors do not make the pixels in the second scenario the better area in the 

maximum ranking approach.  

Table 6. Rankings and final ranking of the pixels in scenarios A and B using the 

CPT maximum ranking approach. 

CPT Measures Scenario A Scenario B 

Significant Natural Heritage 

Areas (SNHAs) 

8 8 

Overall Wetland Ranking 

(OWR) 

0 7 

Important Bird Areas 

(IBAs) 

0 6 

Final Ranking 8 8 

The next step is to show that the MAUT system is able to identify the difference 

between these two scenarios. The utilities and weights of the three indicators (Fig. 2A, 

2E, 2F, and 7) were used to calculate the final rankings. The only difference is that there 

are only three measurements in this demonstration, so the weights (Fig. 6) were 

normalized so that the sum of the three weights was equal to 1. The result (Fig. 9) shows 

that the final ranking in the MAUT system for scenario B (0.48) is nearly three times 

higher than the final ranking in scenario A (0.16). This result demonstrates that the 

MAUT system is able to represent additive measurements that are ignored in the CPT 

system. 
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Figure 9. Average MAUT Score and CPT ranking results for scenario A and B 

pixels. (See Table 6 for the component scores for Scenarios A and B.) 
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Table 7. Summary of the characteristics of the CPT and MAUT rating systems. 

Criteria Characteristics CPT  MAUT 

Comprehensiveness Application 

Focus 

Aquatic and terrestrial Terrestrial 

Measurement 

Types 

Field data only Field and remote 

sensing 

Data 

Completeness 

No data for some 

areas 

Every pixel 

User-friendliness Utility values Experts Decision maker 

Weighting 

method 

Maximum Ranking 

Approach (weight = 1 

for highest) 

Weights from 

decision maker 

Ranking 

Resolution 

10 Ranks Continuous Value 

(0-1) 

 

component ranks (Table 1). Users can easily cross-reference the measurements and their 

utilities on a map (Table 1 & Fig. 8A).  The final scores are less straightforward in the 

MAUT system. Because the final score is composed of a weighted sum of utilities for all 

measures (Fig. 7), it may be harder for the user to see why an area scores higher by just 

looking at the final score. Because the final score in the CPT system always comes from 

the measurement of the highest ranking score, it may be easier to discern why an area 

stands out in the final score. 

Although the final score in the MAUT system contains more nuanced final scores, 

with possible continuous values from 0 to 1, it does not necessarily provide clear 

guidelines nor make much sense for users to compare small differences, as a difference 

such as 0.2 in the final scores may not be meaningful. 

From the perspectives discussed above, the CPT system seems to be more user-

friendly than the MAUT system. 
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Non-redundancy 

Non-redundancy means the measurements used in the model are not repetitive. 

That is, any of the two measurements should not represent similar land characteristics.  

Non-redundancy is the fundamental rule in building a MAUT rating system. The utility 

of a measurement will be represented in the final score no matter how small its weight is, 

so any repetition in the characteristics of measurements could lead to double-counting in 

the final scores. 

The CPT system uses two measurements, National Wetland Indicator (NWI) and 

Overall Wetland Ranking (OWR), to represent wetlands in North Carolina. In addition, 

the Significant Natural Heritage Areas (SNHAs) and Landscape Habitat Indicator Guilds 

(LHIGs) both use Element Occurrences (EO) as input data. Because the CPT system uses 

two measurements to represent wetlands and three measurements with the same input 

data to represent existing biodiversity, the CPT system is more redundant in terms of the 

selection of measurements. 

Nevertheless, redundancy is not an issue in the final scores in the CPT system. 

With the maximum ranking approach, the final ranking only shows the highest ranking 

from one of the measurements, leaving the rest of the ranking values unrepresented. This 

method eliminates double-counting resulting from repetitive characteristics.  

In summary, the CPT system uses redundant measurements, but the maximum 

ranking approach to producing final scores eliminates the risk of double-counting 

(although at the expense of failing to account for multiple non-redundant values, as 

mentioned above). 
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Comprehensiveness 

Comprehensiveness means the ability of the model to capture all important 

aspects of the main objective.  

The main objective of the two rating systems is to evaluate and prioritize the 

value of biodiversity. The CPT system focuses on both terrestrial and aquatic areas, but 

the MAUT system built for this project does not include ratings for aquatic systems due 

to the lack of time, although such ratings could be constructed using the same 

approaches. From this perspective, the CPT system is more comprehensive. 

The other aspect of the comprehensiveness criterion is the types of measurements 

used in the rating systems. In the MAUT system, the main objective is divided into 

biological (existing biodiversity), biophysical (landscape pattern), and functional 

(ecological functions) measurements, while the CPT system only uses functional and 

biological measurements (Table 1). From this perspective, the MAUT approach adopts 

more types of measurement to capture the concept of biodiversity. 

 

Data Reliability 

Data reliability means the quality of the data and how well it represents the 

current status of biodiversity.  Because there are six terrestrial measurements in each 

rating system and three of them are used in both systems, here I only compared the three 

terrestrial measurements used in both rating systems (Table 8). I evaluated these three 

measurements according to spatial accuracy, completeness, and quality as a good 

biodiversity indicator. 
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The major difference between the different terrestrial measurements in the two 

rating systems is that the measurements in CPT are all field data and the ones in MAUT 

are both field data and modeled measurements from remote sensing data (or combined 

modeling and field data, such as GAP Species Richness). In general, remote sensing data 

have higher spatial accuracy and the data are more complete than field data. On the other 

hand, field data are generally a better indicator for biodiversity because the true status in 

the field was verified by experts. The modeled and remote sensing data used in the 

MAUT system often require further verification of the correlation between the 

biophysical factors represented by the data and the true biodiversity values in the field 

(Costanza et al., 2011). 

Because being a better biodiversity indicator is more important than spatial 

accuracy and completeness for data reliability, and because the CPT measurements 

perform better in this category, the CPT rating system is better in terms of data reliability. 

 

Table 8. Comparison of data reliability of the terrestrial measurements used in the 

CPT Biodiversity and Wildlife Habitat Assessment (CPT-BWHA) and Multi-Attribute 

Utility Theory (MAUT) rating systems. 

Measurement Name Rating 

System 

Spatial 

Accuracy 

Completeness Biodiversity 

Indicator? 

Landscape Habitat Indicator 

Guilds (LHIGs) 

CPT High Low High 

Element Occurrences  

(EO) 

CPT Varied Medium High 

National Wetland Inventory 

(NWI) 

CPT Medium Medium Medium 

GAP Species Richness MAUT High Medium Medium 

Heterogeneity Index (HI) MAUT High High Low 

Connectivity Index (CI) MAUT High High Low 
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Data Demand 

Data demand means the difficulty of acquiring all the data for the model and the 

difficulty of processing the acquired data. The demand is low when the data is easy to 

acquire and update, and it is high when collecting and updating the data require laborious 

field surveys and time. To compare data demand for the two rating systems, I focused on 

only the terrestrial measurements. 

The three terrestrial measurements in the CPT system are all field data, and the 

three measurements in MAUT used either remote sensing data or combined remote 

sensing and field data sources (Table 9). In general, field data require more labor to 

survey, verify and update; remote sensing data is generally easier to access and update. 

From this perspective, the MAUT rating system is less demanding of data. 

 

Table 9. Comparison of the data demands of the terrestrial measurements used in 

the CPT Biodiversity and Wildlife Habitat Assessment (CPT-BWHA) and Multi-

Attribute Utility Theory (MAUT) rating systems. 

Measurement Name Rating System Data Source Difficulty in 

processing data 

Landscape Habitat Indicator 

Guilds (LHIGs) 

CPT Field High 

Element Occurrences  

(EO) 

CPT Field Low 

National Wetland Inventory  

(NWI) 

CPT Field Low 

GAP Species Richness MAUT Field & remote 

sensing 

Low 

Heterogeneity Index  

(HI) 

MAUT Field & remote 

sensing 

Medium 

Connectivity Index  

(CI) 

MAUT Remote 

sensing 

Medium 
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Flexibility 

Flexibility means the ability to improve or modify the model when new 

information becomes available. 

Here, I assume that the conservation planning team would like to incorporate an 

entirely new measurement into the rating system. For the CPT system, incorporation of a 

new measurement requires the assessment team to consult experts for advice for the 

utility values, including the maximum number of points for the new measurement in 

relation to the existing measurement in the CPT system.  

For the MAUT system, the first step is to make sure the inclusion of a new 

measurement is appropriate. It has to increase the completeness of the current rating 

system but also meet the non-redundancy criterion. Sometimes it is possible to change or 

remove other existing measurements to meet these fundamental MAUT criteria. The next 

step is similar, but instead of consulting experts, the decision maker must decide on the 

utility values. The last step is to re-evaluate the weights for all measurements, including 

the new one. 

In sum, for the MAUT system, it requires an extra step (weight assessment) to 

incorporate an entirely new measurement, in addition to utility elicitation (which is the 

only step required in the CPT system), and the MAUT system has more criteria to be 

considered when incorporating a new measurement. As a result, I think the CPT system is 

more flexible than MAUT in terms of accommodating new information in the system. 

In summary, qualitative comparisons of the two models show that each model has 

its own advantages and disadvantages (Table 10). Because of the method and structure of 

MAUT, the MAUT rating system performs better in terms of non-redundancy. By 
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including remote sensing data as the biophysical surrogates for protected area 

connectivity and habitat heterogeneity, the MAUT rating system is able to identify 

biodiversity values in some areas that appear to have no data in the CPT rating system.  

On the other hand, although the maximum ranking approach may have a final ranking 

result that ignores information from measurements other than the highest-scoring 

measurement, this method may be simpler to understand for people who are not familiar 

with the details, and inclusion of more measurements into the system is also less 

complicated.  

 

Table 10. Summary of qualitative comparisons of the Conservation Planning Tool 

Biodiversity and Wildlife Habitat Assessment (CPT BWHA) and Multi-Attribute 

Utility Theory (MAUT) terrestrial habitat rating systems. 

Evaluation Criterion Definition CPT MAUT 

Comprehensiveness How well the rating system 

captures the main objective 

Better in 

habitat 

types 

Better in 

measurement 

types 

User-friendliness Easy for the users and policy 

makers to understand 
+  

Data Reliability Precision, accuracy, BD 

indicator 
+  

Data Demand  Levels of difficulty in 

acquiring and processing the 

data 

 + 

Non-redundancy Measurements used in the 

rating system are not 

repetitive 

 + 

Flexibility Easy to incorporate new 

information 
+  
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Discussion 

Weights from Decision Maker Reflect Preference for Higher Data Quality 

One of the major differences between the CPT and MAUT systems is the method 

by which the utility functions and weights were assessed. In the CPT the ranking scores 

were decided by a group of experts familiar with the measurements.  

In my discussion with Ms. Weakley, she stated that the way she weighed the six 

measurements in the MAUT rating system was based on whether the measurement was a 

good biodiversity indicator and how well the measurement can reflect its corresponding 

objective (e.g., whether GAP species richness can represent existing biodiversity). The 

reason that she gave lower weight to landscape pattern measurements (the Heterogeneity 

and Connectivity Indices) is because both indices are modeled with remote sensing data, 

and such data may require further verification of their correlation with biodiversity 

values. She gave much higher weight to Significant Natural Heritage Areas (SNHAs) due 

to her perception that SNHAs are well-verified and the precision of the data is very high. 

Although the weights from Ms. Weakley reflect her true preference for the importance of 

a measurement in the final score, the more desirable way to use weights in MAUT 

analysis is to only focus on how important each sub-objective is in contributing to the 

main objective. By separating the precision of the data from the priorities among 

objectives it would be easier to focus on addressing the issue of the precision of the data, 

and easier to examine the structure of the MAUT rating system based on its completeness 

and non-redundancy. 
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Expanding the MAUT Rating System by Incorporating Aquatic Habitats 

A major difference between the CPT and MAUT rating systems is that aquatic 

(stream and marine) measurements are not incorporated into the MAUT system.  

Comparison of terrestrial and marine habitats suggests that the two habitat types are 

fundamentally different in terms of physical environment, ecological processes, and 

patterns of human impact, so the conservation of stream and marine habitats may require 

distinctive objectives and criteria (Carr et al., 2003). Due to the fundamental differences 

in these habitat types and the lack of an integrated tool for North Carolina, it would be 

more desirable to build a MAUT model that focuses specifically on aquatic habitats to 

complement the terrestrial MAUT model described here.  

Advantages and Disadvantages of Including Biophysical Surrogates in the 

Rating System  

An advantage the MAUT rating system has over the CPT system is the 

incorporation of landscape patterns as biodiversity indicators and the adoption of 

modeled remote sensing data as measurements for landscape patterns. The CPT system 

only adopts surveyed field data, at either the species or community level, for habitat 

prioritization. What is advantageous about the MAUT system is that comprehensive 

field data is virtually impossible to obtain and modeled remote sensing data is 

generally more complete than surveyed field data. Although there is still debate on the 

adoption of biophysical surrogates, research has shown that when both field and remote 

sensing measurements are combined, they are able to complement each other and reduce 

the problems (e.g., no-data issue in for data, and whether it is a good biodiversity 
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indicator for remote sensing data) in both measurement types (Ferrier et al., 2002, 

Cowling et al., 2004). 

In North Carolina, a recent study has shown that biophysical surrogates can be 

good estimators of the biodiversity of plant species (Costanza et al., 2011). Another case 

study in North Carolina also demonstrated that biophysical surrogates can serve as a 

coarse filter for evaluating biodiversity which can assist in overcoming the limitations of 

field data (Kintsch and Urban, 2002). In this project I created two landscape 

measurements and used them as proxies for biodiversity values. Although the research 

cited above has demonstrated that the biophysical surrogates are applicable for plants and 

certain habitats in North Carolina, they may not be valid for other taxonomic groups or 

different parts of the state. In addition, while the two biophysical measurements 

developed in this project were designed to work on the state level, its methods are less 

complicated than other published methods (Kintsch and Urban, 2002, Costanza et al., 

2011) and as such the correlation with biodiversity may not be ideal. Further research is 

needed to demonstrate what landscape measurements and biophysical indicators are 

better proxy representations of the overall biodiversity values in North Carolina. 

Difficulties in Searching for Good Measurements for the MAUT Rating 

System 

One of the major challenges in creating a MAUT rating system is searching for 

good measurements. A good measurement in the MAUT rating system should not only be 

a good representation of its corresponding objective, but the characteristics of the 

measurement should not be repetitive of other measurements in the MAUT model as this 

will result in double-counting in the final score. The measurements used in this project 
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mostly serve as proxies for more direct measurement of an objective as most of the 

available measurements were not designed to measure a single, simple objective. For 

example, I used Important Bird Areas (IBAs) as a proxy for ecological functions 

provided by birds. IBAs are designated based on endangered species, habitat-restricted 

species, and important bird congregations. Of these characteristics only important 

congregations are related to the objective of ecological functions provided by birds, the 

other components would be repetitive of SNHAs, which reflect rarity of species and 

communities. 

Conclusion  

In my study, I adopted the MAUT framework and created a rating system for 

comparison with the current CPT system in order to explore the possibility of including 

biophysical surrogates into the rating system. My work also provides the North Carolina 

Natural Heritage Program with a different method of expressing the utilities associated 

with measurements of performance on various biodiversity indicators. The rating system 

weighs the importance of different biodiversity indicators for habitat prioritization 

based upon preference elicited from a decision maker. 

Comparison of the MAUT and CPT rating systems shows that the utilities from a 

decision maker in the MAUT system are different from the utilities acquired from experts 

in the CPT system. The MAUT system addresses the problem of lost information caused 

by the maximum ranking approach used in the CPT system. Moreover, the inclusion of 

modeled remote sensing data as surrogates for evaluating biodiversity values addresses 

the no-data problem for many parts of North Carolina in the CPT system; in other 
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research this approach has been demonstrated to complement a system that uses only 

surveyed field data.  

Qualitative comparisons of the two rating system show that the MAUT system is 

less demanding on data and less redundant in the selection of measurements. Although 

the CPT system performs better in terms of user-friendliness, flexibility, and data 

reliability, the MAUT framework is lacking only slightly in these aspects and the data 

reliability can be improved with further research. With its well-developed methodology 

and the capacity to address the issues in the CPT system, the MAUT framework shows 

potential to become a commensurate alternative to the current CPT framework. 
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Appendix  

Appendix A: Maps of Utility Levels of Six Measurements in the MAUT 

Rating System 
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Figure 9. Maps of the utility levels of Significant Natural Heritage Areas (SNHAs) and GAP Species Richness in the MAUT 

rating system from decision maker Allison Weakley. 

Significant Natural Heritage Areas (SNHAs) 

GAP Species Richness 
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Figure 10. Maps of the utility levels of Heterogeneity Index (HI) and Connectivity Index (CI) in the MAUT rating system from 

decision maker Allison Weakley. 

Heterogeneity Index (HI) 

Connectivity Index (CI) 
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Figure 11. Maps of the utility levels of Overall Wetland Ranking (OWR) and Important Bird Areas (IBAs) in the MAUT 

rating system from decision maker Allison Weakley. 
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