
1 

 

Climate and Conservation: 

Site Prioritization in the North Carolina Coastal Plains 

 

by 

 

Michael Gaffney 

Dr. Dean Urban, Advisor 

4/15/2022 

 

 

Masters project proposal submitted in partial fulfillment of the 

requirements for the Master of Environmental Management degree in 

the Nicholas School of the Environment of 

Duke University 

 

  



2 

 

Contents 
Executive Summary ........................................................................................................................ 3 

1. Introduction ................................................................................................................................. 5 

2. Methods....................................................................................................................................... 7 

2.1 Overview ............................................................................................................................... 7 

2.2 Data Collection ..................................................................................................................... 7 

2.2.1 Overview ........................................................................................................................ 7 

2.2.2 Study Area; Parcels; Hydrology .................................................................................... 8 

2.2.3 Biodiversity and Landform Diversity ............................................................................ 8 

2.2.4 Carbon Sequestration ..................................................................................................... 8 

2.2.5 Flood Mitigation Potential (Soils and Land Cover) ....................................................... 8 

2.2.6 Other Datasets (Natural Heritage Areas; Managed Lands; Historical Sites; Military 

Paths)....................................................................................................................................... 9 

2.3 Data Preparation.................................................................................................................... 9 

2.4 Reclassification and Flood Mitigation Layer Design ......................................................... 10 

2.4.1 Reclassifications .......................................................................................................... 10 

2.4.2 Flood Mitigation .......................................................................................................... 10 

2.5 Weighted Overlay ............................................................................................................... 12 

2.6 Statistics and Rankings ....................................................................................................... 12 

2.7 Map Making ........................................................................................................................ 13 

3. Results ....................................................................................................................................... 13 

4. Discussion ................................................................................................................................. 19 

5. Conclusion ................................................................................................................................ 20 

6. Works Cited .............................................................................................................................. 21 

7. Appendix A ............................................................................................................................... 22 

 

 
  



3 

 

Executive Summary 
 
Partnering with the North Carolina Coastal Land Trust (NCCLT), my project joins one traditional purpose 

of land trusts—the preservation and enhancement of biodiversity—with the growing need to address 

climate change through natural climate solutions. The aims of this project were twofold: to develop a 

method of analyzing new land parcels for conservation based on their capacity to conserve biodiversity, 

reduce downstream flooding, and sequester carbon; and to produce a parcel list and map that ranks 

properties based on their performance in these categories, along with several other conservation values. 

 

The client for this project, NCCLT, is a land trust based in Wilmington and New Bern, NC. Its service 

area is the entire coastal plain of NC. Founded in 1992, they have conserved over 84,000 acres of land. 

Land trusts are nonprofit organizations that focus on acquiring land for conservation. Typically, these 

organizations focus on preserving natural spaces for the purposes of recreation, education, and 

biodiversity. But, recently, many land trusts—including NCCLT—have begun to see their rationale 

extending beyond these traditional goals to include using land for different kinds of social benefits. 

 

The chosen study areas for this project fall within that service area: the Cashie River and the Waccamaw 

River. The Cashie River is a blackwater system that flows for 55 miles until it reaches the Roanoke River 

and the Albemarle Sound. The surrounding watershed has land use largely in agriculture, forestry, 

wetlands, and residences, and in recent years flooding due to major storms has become a significant issue 

in the area. Meanwhile, the Waccamaw River begins in Lake Waccamaw, the state’s largest Carolina bay, 

and travels 140 miles until it enters the Winyah Bay in South Carolina, which empties into the Atlantic 

Ocean. This river is considered by many to be one of the southeast’s most ecologically significant. Its 

watersheds are composed largely of forest and wetlands, with relatively little agricultural use or 

development. In the Waccamaw watersheds, a significant amount of land has already been protected due 

to conservation efforts by The Nature Conservancy and the North Carolina Wildlife Resource 

Commission. 

 

Despite the significant differences between these two watersheds, this project built a prioritization 

framework that functions in both. In following the objectives of NCCLT, this project prioritized 

properties according to how well they performed in three major criteria (biodiversity, flood mitigation for 

downstream communities, and carbon sequestration) along with seven other important categories 

(ecological significance, landscape diversity, parcel size, connectivity with other conservation/managed 

lands, nearness to military training routes, presence of streams, and presence of historic areas).  

 

To prioritize for this wide variety of variables on a large scale, this analysis was conducted using ArcGIS 

Pro software. I began by locating sources of data that corresponded to the values provided by NCCLT. I 

then prepared the data to fit the study area. For most datasets, I converted the information into a 

simplified ranked numerical value system that was standardized across the data. For the flood mitigation 

value, further work was required to cross reference multiple datasets. Once prepared, I combined all of 

the datasets into one single layer that could serve as a basis for ranking individual parcels. Data layers 

were combined with different weights assigned to specific layers. In other words, the numbers in certain 

layers were given more importance than others, so when the final score was produced, the values in those 

datasets had a greater impact than the others. For this project, weights were developed in consultation 

with the client. 

 

The results of this prioritization are maps of the parcels in the Cashie and Waccamaw Rivers. For both 

watersheds, five maps were created: four maps to illustrate the main components of the weighted overlay, 

and one map to illustrate the final rankings. Each map was created using the mean score for each parcel. 

These scores were then used to rank all of the parcels. 
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For the final prioritization, large, forested properties near rivers tended to perform the best, reflecting the 

overall importance of biodiversity and carbon sequestration. Although it is somewhat difficult to judge 

the success of this final prioritization map, three properties of previous interest to NCCLT performed 

extremely well. Despite this success, significant questions remain about flood mitigation, which likely 

requires more analysis.  

 

Overall, this prioritization ultimately served two important purposes for the North Carolina Coastal Land 

Trust. First, this project directed NCCLT’s attention to the power of geospatial analysis and large-scale 

data collection for the purposes of site prioritization. This project demonstrated the feasibility of using 

GIS to prioritize acquisitions on a watershed scale, with quantifiable data, in locations with which 

NCCLT are not necessarily familiar. Second, this project established some of the groundwork needed for 

NCCLT to begin a service-area level prioritization strategy for land not just related to biodiversity, but 

also flood mitigation, carbon sequestration, and many other categories that are important for conservation 

as well as climate resiliency. 
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1. Introduction 
Land trusts are typically focused on preserving natural spaces for the purposes of recreation, education, 

and biodiversity. Recently, however, many land trusts have begun to see their rationale extending beyond 

these traditional goals to include using land for different kinds of social benefits. Partnering with the 

North Carolina Coastal Land Trust (NCCLT), my aim in this project was to join one traditional purpose 

of land trusts—preservation and enhancement of biodiversity—with the growing need to address climate 

change through what some have begun to call “natural climate solutions” (Farigone et al. 2018).  

 

Rather than focusing on efforts to either adapt to or mitigate climate change, my project sought to build a 

geospatial method of analysis to optimize land prioritization that fulfills both purposes simultaneously. 

More specifically, the aims of this project were twofold: to develop a method of selecting land parcels 

based on their capacity to conserve biodiversity, connect existing conservation lands, reduce downstream 

flooding, and sequester carbon (through reforestation or preservation); and to produce a parcel list and 

map that ranks properties based on their performance in these categories, along with several other 

conservation values. Given the complex and occasionally conflicting nature of these values, I adopted 

strategies from multi criteria decision analysis (Hemming et al. 2022) to label, quantify, and weight 

competing values. 

 

The client for this project, NCCLT, is a land trust based in Wilmington and New Bern, NC. Founded in 

1992, their mission has been to “to enrich the coastal communities of North Carolina through 

conservation of natural areas and working landscapes, education, and the promotion of good land 

stewardship.” As of 2022, they have conserved over 84,000 acres of land in their established service area, 

which is the entire coastal plain of the state.  

 

The study areas for this project fall within 

that service region and center around the 

Cashie River and the Waccamaw River 

(Figure 1). For the Cashie River, the Upper 

Cashie Watershed was chosen as the full 

extent of the study area. For the Waccamaw, 

two watersheds within the Lumber River 

Basin were chosen: Waccamaw River 

Headwaters and Juniper Creek-Waccamaw 

River. The Upper Cashie Watershed 

consists largely of agricultural land and 

some managed forests. Both Waccamaw 

watersheds are composed largely of forest 

and wetlands, with relatively little 

agricultural use or development. In the 

Waccamaw watersheds, a significant 

amount of land has already been protected 

by The Nature Conservancy and the North 

Carolina Wildlife Resource Commission 

(CLT 2). 

 

 

 

 

Figure 1. Study Areas 
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The Cashie River is a blackwater system that flows for 

55 miles until it reaches the Roanoke River and the 

Albemarle Sound. It is a part of the Roanoke River 

Basin, and its headwaters are primarily in upland 

swamps and pocosins on the Wicomoco Terrace (Riggs 

2019). Due to its underlying geology, the Cashie can be 

subdivided into two portions. The upper portion of the 

river is riverine with a moderate gradient, relatively 

narrow, and dependent largely on rainfall for flowing 

water. The lower portion of the river—marked by a 

transition zone at the Town of Windsor—becomes 

estuarine and broad, and it is located at sea level. Unlike 

the upper portion of the river, the dynamics of the lower 

half of the river are influenced heavily by the Albemarle 

Sound (Riggs 2019). The upper portion of the river, 

officially within the Upper Cashie Watershed, defines the 

study area for this analysis. It has land use largely in agriculture, forestry, wetlands, and residences, and in 

recent years flooding due to major storms has become a significant issue in the area.  

 

Meanwhile, the Waccamaw River begins in Lake Waccamaw, the state’s largest Carolina bay, and travels 

140 miles until it hits the Winyah Bay in South Carolina, which empties into the Atlantic Ocean. This 

river is considered by many to be one of the southeast’s most ecologically significant. The NC Natural 

Heritage Program lists Lake Waccamaw and the Waccamaw River as aquatic systems of national 

significance, a distinction given to ecosystems with only the highest ecological values (Gordan 5).  

 

The Waccamaw is a blackwater river. These rivers are 

characterized by channels that are sandy-bottomed, that 

meander, that are relatively shallow, and that often have 

woody debris. They have relatively flat topography, 

variable flow, and are typically interconnected with the 

floodplain. Headwaters typically are in a swamp, and 

the floodplain forest is ecologically productive. The 

Waccamaw is surrounded by palustrine wetlands, which 

include swamp forests, savannas, freshwater marsh, and 

pocosins. Vegetative communities along the shore 

include cypress-gum swamps and coastal plain 

bottomland hardwoods (CLT 10). While the Waccamaw 

is typical in this sense, unlike most blackwater systems 

it is not acidic; rather, the Waccamaw has a near neutral 

pH (CLT 8). The result of this unique physical template 

is a relatively idiosyncratic species composition. One estimate suggests that there are 6 endemic fishes 

(including the Waccamaw killfish, fatmucket, and lance pearlymussel), several rare mollusks (some 

federally listed as endangered or threatened), and a high diversity of fish fauna overall—62 documented 

species (Gordon 5). Moreover, the area serves as habitat for black bear, deer, wild turkey, and alligators. 

This area has been of great interest to conservation organizations, including NCCLT.  

 

Overall, this study concludes that, although a ranked property list was produced that indicated reasonable 

properties for NCCLT to acquire and conserve in the Cashie and Waccamaw watersheds, significant 

questions remain about flood mitigation for these regions. These questions highlight the need for further 

investigation on how to obtain additional useful data to better prioritize parcels for flood resiliency. 

Figure 2. Cashie Farmland ditch 

Figure 3. Waccamaw River 
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2. Methods 
2.1 Overview 
The primary approach in this study is site prioritization, a process that ranks parcels based on their 

performance in multiple criteria. Hemming et al. (2022) emphasize that the practice of conservation often 

involves making acquisition decisions around “differing values, complex multidimensional objectives, 

scarce resources, urgency, and considerable uncertainty.” In these circumstances, it becomes necessary to 

use “decision-support tools” to organize objectives, clarify values, and quantify relative costs and benefits 

for a given conservation priority. Here, in working with values ranging from biodiversity to flood 

mitigation, a geographic information system (GIS) serves as a tool to visualize and quantify those 

competing categories for decision makers. The following subsections describe the process for declaring 

conservation values, finding appropriate data sources for those values; acquiring and preparing those 

datasets; simplifying those datasets through classification; combining them through weighting, and 

evaluating how parcels rank given those values. 

 

2.2 Data Collection 

2.2.1 Overview 
The prioritization process began by deciding what criteria would be selected for site prioritization and 

assembling the appropriate corresponding datasets. Two distinct types of data were used in this project: 

raster data, which refers to data represented in the form of pixels, and vector data, which is data collected 

in the forms of points, lines, and polygons. ArcGIS Pro software (ESRI, Redlands, CA) allows for the 

manipulation of and interaction between these two distinct forms of data organization. In sum, a total of 

12 distinct datasets were used to construct this prioritization (Table 1).  

 

 

 

 

Ranking 

Category Data Description Source / Hyperlink 

Parcel size NC Parcels NC One Map 

Stream presence NC Hydrology National Hydrography Dataset from USGS 

Biodiversity NC Biodiversity  

Natural Heritage Program (Biodiversity and 

Wildlife Habitat Assessment) 

Ecological 

significance NC Natural Heritage Areas 

Natural Heritage Program (Natural Heritage 

Natural Areas) 

Connectivity NC Managed Lands Natural Heritage Program (Managed Lands)  

Historical sites NC Historical Sites 

NC Department of Natural and Cultural 

Resources 

Downstream 

flood mitigation 

NC Land Use / Land Cover 

(2016) National Land Cover Database 

Landform 

diversity NC Landform Diversity TNC Resilient and Connected Landscapes 

Carbon 

sequestration 

NC Carbon Sequstration Potential 

(Agricultural Lands) Natural and Working Lands  

Carbon 

sequestration 

NC Carbon Sequstration Potential 

(Forests) Natural and Working Lands  

Downstream 

flood mitigation NC Soils 

USDA / NRCS Gridded Soil Survey 

Geographic (gSSURGO) 

Military value NC Military Flight Paths NCCLT Contact with Military 

Table 1. Criteria and Data Sources 

https://www.nconemap.gov/pages/parcels
https://apps.nationalmap.gov/downloader/#/
https://ncnhde.natureserve.org/content/data-download
https://ncnhde.natureserve.org/content/data-download
https://ncnhde.natureserve.org/content/data-download
https://ncnhde.natureserve.org/content/data-download
https://ncnhde.natureserve.org/content/data-download
https://www.ncdcr.gov/about/history/division-historical-resources/gis-maps-and-data#gis-data-download
https://www.ncdcr.gov/about/history/division-historical-resources/gis-maps-and-data#gis-data-download
https://www.mrlc.gov/data/nlcd-2016-land-cover-conus
http://www.conservationgateway.org/ConservationPractices/ClimateChange/Pages/Climate-Resilience.aspx
https://nicholasinstitute.duke.edu/project/north-carolina-natural-and-working-lands
https://nicholasinstitute.duke.edu/project/north-carolina-natural-and-working-lands
https://gdg.sc.egov.usda.gov/
https://gdg.sc.egov.usda.gov/
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2.2.2 Study Area; Parcels; Hydrology 
The first piece of data to be acquired was for the study area. NCCLT and I decided to base the study area 

for both the Cashie River and the Waccamaw River on the USGS’s hydrologic unit code system, which 

breaks down the entire nation into regions (2 digit), subregions (4-digit), basins (6-digit), subbasins (8-

digit), watersheds (10 digit), and sub watersheds (12-digit). We also concluded that this study would 

operate at the watershed scale; the Upper Cashie Watershed, Waccamaw Headwaters, and Juniper Creek 

Watershed were selected. This data was subsequently acquired from the NC Department of 

Environmental Quality (Table 1). Data for the parcels in North Carolina was obtained through NC One 

Map (Table 1); these parcels would serve as the basic unit of analysis for the rest of the study. 

Hydrological data—which would be used for both analytic and visual purposes—was obtained through 

the National Hydrography Dataset from the USGS (US Geological Survey 2020).  

 

2.2.3 Biodiversity and Landform Diversity 
For the biodiversity criteria, we decided that the North Carolina Natural Heritage Program’s Biodiversity 

and Wildlife Habitat dataset would be most suitable. This dataset was created to help identify and 

prioritize areas that are important for maintaining healthy ecosystems across the state. The relative values 

in the dataset represent a combination of criteria, including terrestrial and aquatic biodiversity, large-scale 

landscapes that serve as core wildlife habitats or connectors, and lands like riparian buffers and wetlands 

that are crucial for ecosystem services. Original inputs for this data included natural heritage areas, 

species occurrences, core habitat and connectors, aquatic resources, and wetlands. 

 

To capture a different way of thinking about possible species diversity in an area, this prioritization also 

made use of a single component of TNC’s Resilient and Connected Network dataset (Anderson et al. 

2014): landscape diversity. This dataset consists of estimates of the quantity and variety of micro-

climates, or, in other words, the number of distinct combinations of temperature and moisture values as 

influenced by geology and terrain. 

 

2.2.4 Carbon Sequestration 
Carbon sequestration data is a relatively new form of available information at a large scale in GIS. 

Although there were a few different potential sources for this data, this study made use of a dataset 

constructed by the Nicholas Institute for Environmental Policy Solutions called the Natural and Working 

Lands dataset (Table 1). The project overall produced a wide variety of different datasets, but this study 

made use of two: carbon sequestration by unprotected forests and woody wetlands and carbon 

sequestration potential from reforestation (Warnell 2020).  

 

The forest sequestration data relies on the National Land Cover Database (NLCD) 2016, forest age data, 

and U.S. Forest Service forest type and yield information. Taken together, these datasets produced an 

estimate of annual carbon sequestration for each forest type and age in North Carolina. Meanwhile, the 

dataset on agricultural opportunities provides the amount of carbon that could be potentially sequestered 

in the first twenty years of growth after the land has been reforested. For this set, similar input data 

sources were used, with the addition of data that estimates what lands would likely support forests; 

calculations for the sequestration of those forests were based on the USFS forest type that would likely 

grow in that space. The values contained in both raster datasets are “metric tons of Carbon per acre/year, 

multiplied by 100 and rounded to the nearest integer” (Warnell 2020). A value of 28 for a given pixel 

means that it is roughly 0.28 metric tons of C per acre per year.  

 

2.2.5 Flood Mitigation Potential (Soils and Land Cover) 
One major interest for this study was to obtain a dataset that would highlight properties most suitable for 

mitigating downstream flooding. No dataset currently exists that ranks pixels in a raster set based on their 

capacity to reduce downstream flooding. A second, more specific dataset was sought that might indicate 
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locations where flood worsening factors might be at play; more specifically, areas that were agricultural 

lands with ditches, where the water was more freely draining and therefore impacting downstream 

flooding significantly. The areas that have a large ditch network (that could be plugged and restored) 

would be the most consequential for reducing flooding downstream. But, for the Upper Cashie study area, 

there is no dataset that exists that defines where current ditch networks are in place. Ditches and canals 

are not regulated but the NC Division of Water Resources; therefore, there is no dataset. The National 

Hydrography Dataset from the USGS does have some ditches and canals (natural streams that have been 

channelized or ditched), but no ditch information shows up for this study area. 

 

Consequently, one of the more substantial challenges of this study was to determine a way to gather 

appropriate data and produce an approximate model of where agricultural lands with ditches exist. 

Several options were considered for producing a proxy for this dataset, but two datasets were ultimately 

chosen to form the base layers: the 2016 National Land Cover Database (Jin et al. 2019), which provides 

information for all landcover types in the country, and soil data produced by the National Cooperative 

Soil Survey and operated by the USDA Natural Resources Conservation Service (NRCS). Although this 

dataset came with an enormous quantity of information, this study was interested in using the soil 

classifications based on drainage quality. A combination of these two criteria, along with several others, 

enabled the creation of the flood mitigation dataset; see below (2.4.2) for more details about the specific 

construction of the layer. 

 

2.2.6 Other Datasets (Natural Heritage Areas; Managed Lands; Historical Sites; Military 

Paths) 
Other valuable datasets also sought to find parcels of special ecological significance, properties that were 

already managed (for conservation), historical sites, and military flight training paths. The data for these 

sets came from a variety of sources: the Natural Heritage Program provided the data about natural 

heritage areas, as well as information about currently managed lands. Information about current North 

Carolina historical sites was obtained from the NC Department of Natural and Cultural Resources. 

Military flight routes from Seymour Johnson Air Force Base were obtained from a Coastal Land Trust 

contact directly. 

 

2.3 Data Preparation 
Before analysis could take place, many of the datasets needed preliminary preparation. Large datasets, 

like the National Landcover Database, were clipped to the extent of North Carolina. All of the different 

datasets were also aligned into the proper coordinate system and projection. Many of the datasets were in 

different datums and projections; this study made use of NAD 1983 (2011) State Plane North Carolina 

FIPS 3200 / Lambert Conformal Conic as the standard.  

 

After bringing the data into the proper projection, the study area was prepared. First, the Cashie 

Headwater polygon and the Waccamaw Headwaters and Juniper Creek polygons were extracted into their 

own shapefiles to define the study area. These new shapefiles were used to extract the parcels from the 

original parcels data for each watershed. Rather than extracting by only those parcels that were within the 

study area, all parcels that intersected with the boundary were included.  

 

After an analysis of the average property size in the area was conducted, it was concluded that all parcels 

under 300 acres would be excluded from the Cashie study area, leaving 57 total parcels for analysis. 

Subsequently, three additional parcels were added back into the analysis due to NCCLT’s interest: two 

parcels with Conservation Reserve Enhancement Program (CREP) easements, and one parcel, Hoggard’s 

Millpond, that was currently of interest to NCCLT but was located just outside of the study area. CREP 

easement parcels were added because they signified that the current landowner was likely amenable to 
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conservation efforts. Meanwhile, for the Waccamaw watersheds, a separate analysis led us to conclude 

that all parcels under 400 acres would be excluded from the study area, leaving 85 total parcels for 

analysis. Subsequently, areas designated by the Natural Heritage Program as already managed for 

conservation were also removed from the parcel list, leaving a total of 71 parcels. 

 

Finally, as part of the data preparation, the initial soil data, which was a 10m dataset, was resampled into 

a 30m set to match the other datasets. As the primary values for this set were discrete, the “nearest 

neighbor” technique was appropriate for the purposes of resampling. 

 

2.4 Reclassification and Flood Mitigation Layer Design 

2.4.1 Reclassifications 
Once the data were prepared in terms of their spatial references and area, they could be transformed into 

ranked integer sets. All datasets, in other words, were standardized into the same system so that each pixel 

received a value between 1 and 10. My method for doing this was to preserve the native ranking system’s 

number of categories. For example, the Natural Heritage data had a ranking system of 1-10 for 

biodiversity; these rankings were preserved during the reclassification process. The same idea was 

maintained for the landscape diversity dataset. Other subsequent layers required more decision-making, 

and this is explained in the following paragraphs. 

 

The classification system for the carbon sequestration datasets were determined by using Natural Breaks 

(Jenks). This broke these datasets into 6 categories, where higher sequestration values corresponded to 

higher ranks. These rankings were therefore relative and internal to the dataset itself; i.e. these breaks 

occur within the data set and have no wider significance. The highest values for the data do not 

correspond to an absolute scale of carbon sequestration capacity. 

 

The process of creating a data layer that could be combined with the others for parcel size began with 

creating a raster layer where each pixel of the 60 different patches was classified based on the acreage of 

the whole parcel. Each pixel was then reclassified along a Natural Breaks scheme into 6 categories to 

make the final raster set; six categories was chosen merely for convenience. Properties with the highest 

acreage, in other words, received the highest score of 6 in all of the pixels within their property bounds. 

 

Raster layers for the presence of streams, managed sites, historically significant areas, ecologically 

significant areas, and military flight paths also had to be similarly constructed. For these categories, I 

cross-referenced the parcels with the corresponding data. If a parcel had streams, was connected to 

managed area, historically significant site, or military flight path, that property received a score of 1. All 

other properties received a numerical value of zero. For ecological significance, I modified this method 

slightly: parcels that contained natural areas were initially given a value of 2, parcels that abutted natural 

areas were given a value of 1, and the rest of the parcels received a value of 0. A separate raster layer was 

produced for each of these datasets, with either binary pixel values or values ranging from 0 to 2 in the 

case ecological significance. 

 

In sum, 12 available datasets were used to produce 11 raster datasets with ranked pixel values. 

 

2.4.2 Flood Mitigation 
Extra detail is needed about the process of producing the reclassified flood mitigation layer. We 

determined that an important component in flood mitigation was to find lands that had been ditched and 

drained. Because this data was not readily available, a proxy was needed. The type of land on which 

ditches occur is typically poorly drained soil; agricultural land with poorly drained soil was therefore 

determined to be the most valuable land for flood mitigation potential. It was also determined that other 
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areas with poorly drained soil—forested areas or shrubland—would also be potentially suitable, if only to 

prevent the creation of further ditch networks or to better absorb flood waters.  

 

I located these parcels by combining soil drainage data from the NRCS with the National Land Cover 

Dataset through a “zipcoding” method, which the NLCD already uses. This method entails creating a 

tiered numeric system, where the “1s” digit is signifies a subtype of the “10” digit category. The 

landcover data comes as values from 0 to 99 for each landcover type. For my zipcoding system, NLCD 

classes were left as the “10s” and “1s” placeholder. 

 

The soil drainage classes needed to be integrated into this zipcoding system. NRCS soil drainage 

categories come labeled qualitatively in 7 categories, ranging from “excessively drained” to “very poorly 

drained” (US Department of Agriculture 2016). Excessively drained refers to soils in which “water is 

removed very rapidly,” and little “free water” is found. On the opposite end of the spectrum, very poorly 

drained refers to soils in which “water is removed from the soil so slowly that free water remains at or 

very near the ground surface during much of the growing season.” I interpreted these categories to 

suggest that, in very poorly drained and poorly drained areas, farmers would likely need to add additional 

drainage capacity to the soil in order to grow crops. These qualitative descriptions were transformed into 

a ranked numerical system of 1 to 7, with 7 referring to “very poorly drained.” In order to integrate these 

values into the zipcoding system, they were then multiplied by 100, so that pixels classified as 6 became a 

value of 600.  

 

From there, I added together the landcover and soil data to produce a single raster dataset. This new layer 

had pixels from 0 to 699; each pixel therefore had a classification by soil type, in the hundreds place, and 

a classification by land type, in the tens place. For example, a location with cultivated crops and very 

poorly drained soil would receive a zipcode of 782 (7 for the soil, 8 for agriculture, and 2 for cultivated 

crops in the NLCD classification).The next step involved another reclassification, in which pixels with the 

targeted soil type and land cover type (poorly drained, agricultural) were classified with the highest 

values, and those with less desirable characteristics (dry soils and/or developed), received a lower score.  

The final layer of this process was a ranked dataset with pixel values 1 through 6. The categorization 

scheme can be found in Appendix A (Table A1).  

 

After an initial run of the data with just the soil and landcover set, it was decided that the flood mitigation 

criteria needed to be expanded more substantially. For ease of construction, the same flood mitigation 

data layer was used with two additional criteria: property size and property distance from the main body 

of the Cashie River. Property size was already constructed (mentioned above), but the distance to streams 

layer was not. This new layer was formed by ranking the properties according to their Euclidean distance 

from the river. The ranking system was as follows: properties within 5 miles or greater of the Cashie 

River mainstem received a 1, within 4 miles received a 2, within 3 miles received a 3, within 2 miles 

received a 4, within 1 mile received a 5, and within .5 miles received a 6. With the properties ranked in 

this way, the “Polygon to Raster” tool was then used to create a new raster layer that possessed all of 

these rankings in pixels defined by the border of each property.  

 

At the end of this process, these three raster layers were combined using the “Weighted Overlay” tool to 

form one final raster layer that constituted a flood mitigation layer with ranked pixels, 1 through 6, 

resembling the other reclassified datasets (see below for an explanation of this tool). Distance to the 

Cashie was weighted most heavily (50%), followed by equal weighting for the soil and land type layer 

and the parcel size. 
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2.5 Weighted Overlay 
Next, all 11 raster layers were placed into the “Weighted Overlay” tool. This tool allows ranked integer 

raster sets to be combined through a mutual ranking system into one single raster layer. The advantage 

this tool has over the “Raster Calculator,” which allows the user to add raster layers together, is that 

different weightings can be assigned to specific layers. In other words, the numbers in certain layers can 

be given more weight than others, so when the final score is produced, the values in those pixels have a 

greater impact than the others. 

 

For the “Weighted Overlay” tool to work, all raster sets need to be converted over to the exact same 

ranking system within the tool itself. Given that these raster sets contained different numeric systems, the 

process of placing them in one consistent system was crucial. The overall ranking system was designated 

as 1-10; within the tool, all layers were then converted to this system. For datasets that were ranked 1-6, 

as many were, pixels were re-ranked roughly by 2, so that 6 became a 10, 5 became an 8, 4 became a 6, 

and so on. This process was completed for all layers that were not ranked 1-10. For the layers that were 

binary, like the presence of streams, 1 was designated as 10 and 0 as 1. This conversion process is 

inherently arbitrary, but if relative values are maintained, the success of the tool is not compromised.  

 

After discussion with NCCLT, the tool 

was initially run with equal weighting for 

each category. These initial results were 

used to discuss what values ought to be 

rearranged and amplified in the weighted 

overlay produce a more satisfactory final 

product. The final run of the weighted 

biodiversity at 28%, flood mitigation 

potential at 27%, carbon sequestration at 

10% (a cumulative total for both different 

carbon datasets), and 5% for every other 

value (figure 4). Because several of the 

raster layers were constructed using 

information taken from the polygons for 

each water, the weighted overlays for the 

Cashie and Waccamaw watersheds 

needed to be run separately; although the same weights were used for 

each watershed, it is worth noting that no military sites were located in 

the Waccamaw, meaning that the category effectively had no weight. 

 

2.6 Statistics and Rankings 
After the original reclassified raster layers were created, and the final weighted overlay completed, the 

final step was to analyze how each parcel performed in each of the categories. In order to do this, ArcGIS 

Pro’s “Zonal Statistics as Table” tool was used. This tool allows the user to specify a zone—in this case, 

the individual parcels—and run statistical analyses on all of the pixels of a raster layer that falls within 

that specified zone. For example, this tool can find the average value of all ranked biodiversity pixels for 

a given property. 

 

To obtain raw scores for each individual property, I chose to use the mean value of the pixels per 

property. Other than the mean values for the final weighted raster set, I also obtained mean scores for the 

most important layers: biodiversity, flood mitigation, and carbon sequestration. After running the “Zonal 

Statistics as Table” tool for all of the raster layers, including the final weighted overlay, the “Join Table” 

tool was used to connect the scores produced in each table back to the original parcel data, and the “Alter 

Figure 4. Overlay Weights 
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Field” tool to properly label each field. Finally, in order to produce a simplified ranking system for both 

carbon sequestration sets, flood mitigation, and the overall score, the tables were sorted based on each 

category, and numbers 1-60 were manually typed in.  

 

2.7 Map Making 
Maps were produced in ArcGIS Pro using the parcel data with all of the attached attributes. Ranked 

numbers for the top five properties in all maps were used, as well as a more qualitative system that 

separated out properties in each category based on their score using the Natural Breaks (Jenks) statistical 

method available in ArcGIS Pro’s symbology panel; the decision to break up parcels into six classes was 

decided visually. Properties were broken down into ranked categories so that color distinctions would be 

most visible, each representing a qualitative ranking ranging from poor to excellent. 

3. Results 
The results of this prioritization are maps of the parcels in the Cashie and Waccamaw Rivers. For both 

watersheds, 5 maps were created: 4 maps to illustrate the main components of the weighted overlay, and 1 

map to illustrate the final rankings. Each map was created using the mean score each parcel received 

using the “Zonal Statistics as Table” tool. These scores were then used to rank parcels, which were then 

symbolized along a color gradient moving from the lowest scoring properties to the highest scoring 

properties. The top five properties for each ranking system are labeled. An excel spreadsheet with the list 

of properties has been included in Appendix A (tables A3 and A4).  

 

The biodiversity maps (figures 5 and 6) follow hotspots in both watersheds relatively closely, due to the 

heavy weight that biodiversity received in the weighted overlay (28%). Biodiversity in both areas is 

concentrated along the major rivers and streams, but in the Cashie some of this effect is mitigated by the 

absence of forested land along the river. In that case, other high performing lands for biodiversity were 

typically forested. Although both maps illustrate the spatial heterogeneity in biodiversity within both 

watersheds, the rankings and values cannot easily be compared across watersheds. The highest ranking 

property in the Cashie would perform relatively poorly in the Waccamaw, simply because the biodiversity 

values in the latter watersheds are substantially higher overall.  

 

The flood mitigation maps (figures 7 and 8) show properties that are effectively ranked according to 

several criteria: how close they are to the main body of the two rivers, how large the parcel is (acres), and 

how suitable the land might be for retaining water during extreme weather events. This final category was 

determined, as explained in section 2.4.2, through a combination of land cover type and soil drainage 

classes. Both maps shows a tendency to prioritize properties close to the river, with property size and soil 

drainage playing secondary roles. Given that properties closer to the river will likely have a larger impact 

on slowing down water, this pattern in the map follows our ecological understanding of flood mitigation.  

 

The carbon sequestration maps (figures 9, 10, 11, 12) show properties ranked according to the average 

amount of metric tons of carbon per acre per year each might be able to sequester going forward. Figures 

11 and 12 focus on areas that are currently forested, with carbon numbers assuming that the current forest 

is left undisturbed. Figures 9 and 10 show parcels where potential reforestation might have the greatest 

impact. These maps are wildly divergent: properties that are good for reforestation are not good for 

current forest carbon sequestration. This is consistent with how the original data was constructed. It is 

also worth noting that these scores represent an average for the pixels in each property, rather than the 

total quantity of carbon that each property could sequester. In other words, these rankings do not take into 

account the fact that larger properties would sequester more carbon than smaller properties. This explains 

why the number 1 reforestation property in figure 3 is relatively small: this property will store the most 

carbon per acre; not the most carbon in total.  
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Figure 5. Cashie Biodiversity 

Figure 6. Waccamaw Biodiversity 
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Figure 7. Cashie Flood Mitigation 

Figure 8. Waccamaw Flood Mitigation 
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Figure 9. Cashie Agricultural Sequestration 

Figure 10. Waccamaw Agricultural Sequestration 
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Figure 11. Cashie Forest Sequestration 

Figure 12. Waccamaw Forest Sequestration 
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The final maps (figures 13 and 14 below) were the result of a second round run of the prioritization 

process; this round corrected for several errors that appeared in the first round.1 For this map, the 

biodiversity and flood mitigation layers were given the most weight (28% and 27% each), with both 

carbon sequestration layers receiving 5% each. The parcels with the highest scores therefore likely 

performed best in these categories, but also performed well in many of the other categories. For example, 

the number 1 ranking property in the Cashie River watershed received medium scores in many categories, 

like flood mitigation, forest carbon sequestration, and property size, but excelled far above other 

properties for its biodiversity value. 

 

Although it is somewhat difficult to judge the success of this final prioritization map, there were several 

indicators of the credibility of this analysis based on expert knowledge within NCCLT. In the Cashie 

Watershed, the Hoggard’s Millpond Tract rose to the top of the list (number 3). This is a property that NC 

Coastal Land Trust has already been interested in acquiring, with the knowledge that it is a desirable 

parcel for many of the factors that have been considered in this study. For the Waccamaw parcels, 

meanwhile, two highly valued tracts also rose to the top of the list (numbers 1 and 2). These are both 

properties that The Nature Conservancy has already been interested in acquiring for similar reasons. 

 

 
1 Some errors that appeared during the first run were excluded from the methods section after correction. For 

example, the original run transformed the ecological significance data into a raster set, which did not properly 

function. Landscape diversity was also reduced in importance in part due to gaps in the original dataset. One final 

issue occurred with the table joins; some distinct parcels had the same Parcel ID number, which meant that the table 

joins and analysis could not be done using that variable.  

Figure 13. Cashie Final Rankings 
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4. Discussion 
The maps and parcel prioritization lists produced here provide a useful guide for NCCLT to focus on 

conserving high priority lands given limited time and resources. The scoring system produced numerical 

distinctions between properties that allowed for a ranking system; this system, when considered from a 

non-GIS perspective, appears to have generated an ecologically reasonable group of top five properties.  

 

There are some significant caveats. The first caveat, applicable to most GIS work, concerns the accuracy 

of GIS data. This study made use of many premade datasets. Some sets were constructed at different 

times, meaning that the contemporary accuracy of those sets is not guaranteed; especially the National 

Land Cover Dataset from 2016. Such a problem can affect even more recently produced datasets like the 

Natural and Working Lands data, if it is the case that it relies on older information.  

 

A second caveat involves the significant choice of using the mean value of pixels as the primary 

evaluation method for the final parcel score value. This statistic has the advantage of accounting for the 

values of all the pixels in each parcel; parcels with a greater number of high value pixels will rise to the 

top of the ranking system. But this system also comes with faults. Perhaps the most obvious from a 

statistical perspective is that averages deal poorly with outlier pixel values and parcels that have 

significantly divergent values. In the case of biodiversity, for example, a parcel could have highly ranked 

biodiverse areas along its border, with less biodiverse space in its interior. This parcel would receive the 

same score as a parcel with consistently middling biodiversity, even though, from a conservation 

perspective, it might be more valuable. Despite this drawback, average seemed to be the simplest and 

most straightforward statistic to use. 

 

Figure 14. Waccamaw Final Rankings 
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Another concern involves the flood mitigation map. This layer was used as a substantial portion of the 

weighting system, but the overall accuracy and validity of the methods used to construct the layer are far 

from perfect. In this sense, it is important that, going forward, additional work is done to improve this 

layer. One improvement that can be made is to check the ground for the presence of ditches in the places 

where they were predicted. But other avenues for constructing a complete new version of the flood 

mitigation layer might also be desirable. Other avenues might include analyzing flood data from recent 

storm events; working with digital elevation models (DEMs) and aerial imagery to map out specific 

ditches; and making more sharp distinctions between currently forested lands and spaces that are being 

used for timber production. Given the outsized weight of the flood mitigation layer on the final map, it is 

worth pointing out that with an improved flood mitigation map, the final layer might be substantially 

different. 

 

The fourth concern with this prioritization lies with the carbon sequestration rankings. While the 

individual maps related to the rankings do appear to provide a sense of what properties might be able to 

store the most carbon per acre moving forward, it is less clear how these two layers ultimately influenced 

the final map layer produced through the weighted overlay. This is because the two layers effectively 

canceled one another out when in combination—properties with high forest sequestration value had low 

agricultural value, and vice versa. It is possible that a more robust version of this prioritization might need 

to be divided into two: one final map that weights agricultural reforestation by itself, the other by 

currently forested areas.  

 

One final concern are the component data sources. These sources are all updated regularly, and for this 

assessment to remain valid for NCCLT going forward, components of the model will need to be revised 

as more recent datasets are made available. For example, not long after this study was completed, the 

NLCD released a new version of its landcover dataset. 

5. Conclusion 
Caveats aside, this prioritization ultimately served two important purposes for the North Carolina Coastal 

Land Trust. First, this project directed NCCLT’s attention to the power of geospatial analysis and large-

scale data collection for the purposes of site prioritization. For the most part, NCCLT acquires new 

property through opportunities that arise by landowner initiative: people who want to sell land approach 

the trust. When the trust has been more proactive about ranking potential acquisitions, these efforts have 

been rooted in local knowledge and expert opinion. This project demonstrated the feasibility of using GIS 

to prioritize acquisitions on an even larger scale, with quantifiable data, in locations with which they are 

not necessarily familiar. 

 

Second, this project established some of the groundwork needed for NCCLT to begin a service-area level 

prioritization strategy for land not just related to biodiversity, but also flood mitigation, carbon 

sequestration, and many other categories that are important for conservation as well as climate resiliency. 

Although further refinements to the methods may be required, the overall process of enabling NCCLT to 

explicitly label and quantify their conservations interests will prove useful for dealing with important but 

competing values. As climate change continues to create ever more serious threats to the coastal plain, 

foregrounding natural climate solutions in land trust values will become more socially and ecologically 

urgent. 
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NLCD Classifications Classification ID Numbers excessively drained somehwat excessivley drained well drained modertately well drained somewhat poor drained Poorly drained Very poorly drained

Unclassified 0 100 200 300 400 500 600 700

Open Water 11 111 211 311 411 511 611 711

Developed, Open Space 21 121 221 321 421 521 621 721

Developed, Low Intensity 22 122 222 322 422 522 622 722

Developed, Medium Intensity 23 123 223 323 423 523 623 723

Developed, High Intensity 24 124 224 324 424 524 624 724

Barren Land 31 131 231 331 431 531 631 731

Deciduous Forest 41 141 241 341 441 541 641 741

Evergreen Forest 42 142 242 342 442 542 642 742

Mixed Forest 43 143 243 343 443 543 643 743

Shrub/Scrub 52 152 252 352 452 552 652 752

Herbaceuous 71 171 271 371 471 571 671 771

Hay/Pasture 81 181 281 381 481 581 681 781

Cultivated Crops 82 182 282 382 482 582 682 782

Woody Wetlands 90 190 290 390 490 590 690 790

Emergent Herbaceuous Wetlands 95 195 295 395 495 595 695 795

Soil Drainage

Color Reclassification Score Meaning

Light Blue 0 NA (Excluded)

Red 1 Bad

Orange 2 Poor

Purple 3 Fair

Blue 4 Good

Yellow 5 Very Good

Green 6 Excellent

Table A1. Flood Mitigation Zipcoding System. Columns for soil 
drainage classes correspond to the 100s place; NLCD cover types 

correspond to 10s and 1s. 

Table A2. Flood Mitigation zipcode reclass. Colors from above table 

correspond to rankings in this table. Green represents the most desirable 

zipcode 
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Parcel Acres Stream Connectivity Historical Sites Military Natural Areas Biodiversity Landform Ag Carbon Forest Carbon Flood Mitigation Overlay Score Rank

5865486962 363 1 0 0 1 2 6.42 6.33 0.00 2.77 4.00 5.90 1

6804754959 1759 1 1 0 1 0 2.38 1.87 1.50 2.78 4.00 4.97 2

6803777995 313 1 0 0 1 0 6.28 0.51 0.01 4.22 4.00 4.83 3

5892471934 920 1 0 1 0 0 2.56 3.25 0.97 3.17 4.57 4.77 4

5894723321 410 1 0 0 1 0 2.75 2.66 1.97 1.06 4.60 4.59 5

6815436608 1750 1 0 0 0 0 4.12 2.17 0.38 3.81 3.98 4.57 6

5930438907 2607 1 0 0 0 0 3.21 2.76 0.54 2.88 4.00 4.50 7

6804481128 1024 0 0 0 1 0 3.53 1.29 0.54 2.54 4.95 4.44 8

6815111930 421 1 0 0 0 0 4.64 1.53 0.39 3.16 3.93 4.42 9

5867321734 1390 1 0 0 0 0 2.47 1.83 0.19 2.74 4.98 4.39 10

5884897730 474 1 0 0 1 0 2.40 4.13 0.76 2.30 4.52 4.38 11

5885375847 1658 1 0 0 0 0 2.15 3.50 0.53 2.03 5.00 4.36 12

5866427264 671 1 0 0 0 1 1.46 3.06 1.66 2.07 4.99 4.33 13

5854876833 558 1 0 0 0 0 3.53 3.44 1.90 1.32 4.27 4.20 14

5847547886 389 1 0 0 0 0 1.29 3.31 1.99 2.44 4.86 4.18 15

5847806984 349 1 0 0 0 0 2.43 3.90 0.13 4.60 4.00 4.15 16

5875253341 342 1 0 0 1 0 1.82 4.26 0.68 1.91 4.14 4.10 17

5876621259 336 1 0 0 0 0 3.16 5.81 0.21 1.97 4.01 3.94 18

5884444392 427 1 0 0 0 0 4.15 1.91 0.40 2.54 3.86 3.88 19

5837728276 357 1 0 1 1 0 0.39 2.56 3.00 0.02 3.78 3.86 20

5868718910 1037 1 0 0 0 0 2.27 2.87 0.78 2.26 3.78 3.84 21

5838105276 542 1 0 0 0 0 0.78 3.54 2.63 1.61 4.64 3.81 22

5819723784 521 1 0 0 0 0 1.29 3.17 3.17 0.47 4.57 3.75 23

5876160455 498 1 0 0 0 0 0.87 4.70 1.80 0.54 4.48 3.64 24

5859450036 541 1 0 0 0 0 3.99 2.85 0.80 2.66 2.99 3.63 25

5869782698 1183 1 0 0 0 0 3.86 1.43 0.68 2.72 2.98 3.61 26

5875306861 446 1 0 0 0 0 2.23 1.61 0.50 1.82 4.05 3.61 27

5839119612 322 1 0 0 0 0 0.98 3.46 1.36 3.00 4.15 3.58 28

5895148487 332 1 0 0 0 0 2.43 4.89 0.39 1.42 4.00 3.56 29

5878676470 1548 1 0 0 0 0 2.98 1.42 0.36 3.15 2.99 3.50 30

5886921259 338 1 0 0 0 0 2.24 3.12 2.42 1.07 4.00 3.49 31

5839807788 428 1 0 0 0 0 1.46 2.43 3.02 1.04 4.01 3.45 32

5827735383 350 1 0 0 1 0 0.34 4.21 0.82 3.66 3.12 3.36 33

5883924238 336 1 0 0 0 0 2.21 3.39 1.08 2.23 3.04 3.32 34

5868132764 303 0 1 0 0 0 1.86 2.24 1.09 2.72 3.00 3.30 35

5876568896 333 1 0 0 0 0 0.45 4.26 0.90 2.32 4.00 3.25 36

5858619365 486 1 0 0 0 0 0.85 2.41 0.79 3.21 3.76 3.24 37

5930438907 311 1 0 0 0 0 2.10 1.63 0.02 3.89 3.00 3.23 38

5896217843 634 0 0 0 0 0 1.29 1.37 0.10 1.96 4.00 3.20 39

5866774988 656 1 0 0 0 0 0.46 2.28 0.87 1.73 3.99 3.15 40

5940114623 410 1 0 0 0 0 1.17 2.59 0.12 3.56 2.88 3.12 41

5878108188 324 1 0 0 0 0 0.95 3.44 1.14 2.54 2.97 3.09 42

6807824795 672 1 0 0 0 0 1.56 1.68 0.36 2.06 2.97 3.00 43

5897469368 440 1 0 0 0 0 0.83 2.85 0.39 4.11 2.86 3.00 44

5887281685 567 1 0 0 0 0 1.98 1.30 1.77 1.33 3.01 2.97 45

6817237726 567 0 0 0 0 0 5.85 1.03 0.06 1.26 2.00 2.94 46

5896194488 303 1 0 0 0 0 1.59 2.70 0.09 2.80 3.00 2.93 47

5868065116 37 0 1 0 0 0 0.00 3.04 3.85 0.74 2.77 2.92 48

5877229052 316 1 0 0 0 0 0.46 3.43 1.03 1.67 3.17 2.89 49

5858997786 151 1 1 0 0 0 0.67 2.98 2.07 1.67 2.48 2.83 50

5878522683 502 1 0 0 0 0 1.69 1.33 2.04 1.22 2.68 2.80 51

5878154791 375 1 0 0 0 0 1.74 3.00 1.15 3.21 2.23 2.78 52

5827897569 300 1 0 0 0 0 0.51 2.46 1.32 0.88 3.43 2.73 53

5868342927 348 0 0 0 0 0 2.60 1.38 0.27 1.61 3.00 2.60 54

5859771428 643 0 0 0 0 0 3.54 1.77 0.73 2.38 2.00 2.55 55

5940388780 392 1 0 0 0 0 1.62 1.77 1.67 1.95 2.05 2.42 56

5859132631 345 0 0 0 0 0 1.69 1.63 0.70 2.97 2.86 2.38 57

5888042608 344 1 0 0 0 0 0.98 1.19 2.36 1.60 2.01 2.23 58

5887530528 452 0 0 0 0 0 1.42 1.76 0.16 3.10 3.00 2.16 59

5887673763 300 0 0 0 0 0 1.26 1.11 3.77 0.62 2.00 1.92 60

Table A3. Cashie Scores and Rankings 
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Parcel Acres Streams Connectivity Historical Sites Military Natural Areas Biodiversity Landform Ag Carbon ForestCarbon Flood Mitigation Overlay Score Rank

1126.00-64-1812.000 6811 1 1 0 0 2 9.91 4.14 0.00 4.30 5.00 8.39 1

1138.00-45-8609.000 6197 1 1 0 0 2 9.03 4.07 0.00 3.35 5.00 7.87 2

1134.00-45-4857.000 338 1 1 0 0 1 7.07 4.44 0.00 3.07 4.00 6.92 3

1125.00-92-5268.000 445 1 0 0 0 2 9.45 4.42 0.00 4.79 4.00 6.88 4

1147.00-45-2119.000 13151 1 1 0 0 1 5.52 2.76 0.06 2.51 5.00 6.87 5

1169.01-26-8271.000 1355 1 1 0 0 2 7.51 4.03 0.00 1.81 3.95 6.63 6

1175.00-03-8775.000 19922 1 1 0 0 1 4.99 2.23 0.11 2.00 4.98 6.58 7

10390439 34670 1 1 0 0 1 5.52 2.66 0.20 0.94 3.86 6.47 8

10423731 565 1 1 0 0 1 5.58 5.41 1.00 1.40 4.33 6.32 9

1157.00-92-4653.000 3511 1 1 0 0 1 5.80 2.37 0.13 2.35 4.00 6.10 10

10306152 974 1 1 0 0 2 5.72 3.94 0.02 1.80 3.99 5.97 11

1129.00-95-5425.000 472 1 0 0 0 0 6.59 4.88 0.01 3.24 4.00 5.87 12

10379622 18834 1 1 0 0 0 5.63 3.13 0.06 0.87 4.00 5.86 13

10305797 2520 1 1 0 0 1 5.22 2.59 0.07 1.76 4.00 5.74 14

10338378 461 1 0 0 0 0 6.53 3.82 0.01 2.14 4.02 5.71 15

1261.00-82-0713.000 463 1 1 0 0 1 4.54 4.16 0.94 1.60 2.91 5.00 16

1179.00-15-1083.000 647 1 0 0 0 0 6.07 4.01 0.00 1.89 3.00 4.89 17

1251.03-34-5672.000 634 1 1 0 0 1 3.97 3.92 0.27 1.50 3.00 4.88 18

10251524 3098 1 0 0 0 0 4.95 2.44 0.36 1.88 4.00 4.83 19

1189.00-15-5147.000 560 1 0 0 0 0 6.15 3.71 0.00 2.72 2.96 4.82 20

1178.00-69-4639.000 640 1 0 0 0 0 6.12 4.10 0.07 2.80 3.00 4.82 21

1178.00-64-2272.000 641 1 0 0 0 0 5.82 4.27 0.00 3.00 3.00 4.81 22

10272914 3051 1 1 0 0 0 5.30 3.12 0.00 1.75 2.91 4.76 23

1280.00-11-6194.000 401 1 0 0 0 0 5.63 3.80 0.00 3.23 2.96 4.70 24

1261.00-09-4276.000 1049 1 1 0 0 1 3.95 3.19 0.19 0.90 2.93 4.69 25

1270.02-86-8025.000 515 1 0 0 0 0 5.40 2.47 0.15 3.14 2.94 4.57 26

2107.00-97-1542.000 6713 1 0 0 0 0 5.14 2.84 0.00 0.64 2.99 4.57 27

1188.00-19-8616.000 625 1 0 0 0 0 4.91 3.71 0.00 2.89 2.98 4.47 28

1242.00-78-2163.000 666 1 1 0 0 0 4.24 3.92 0.01 1.78 2.99 4.46 29

10269073 3436 1 1 0 0 2 4.44 3.30 0.01 1.03 2.00 4.43 30

1281.00-83-9266.000 3084 1 0 0 0 0 4.95 1.41 0.13 2.80 2.94 4.38 31

10269084 791 1 1 0 0 0 5.35 3.02 0.10 1.48 2.00 4.36 32

1179.00-65-3184.000 560 1 0 0 0 0 4.80 4.33 0.06 2.75 3.00 4.25 33

1232.00-81-7873.000 2797 1 0 0 0 0 3.41 2.19 0.13 1.77 3.68 4.24 34

10272911 643 0 1 0 0 1 5.90 3.78 0.00 0.01 2.00 4.13 35

10269729 950 0 1 0 0 1 5.64 3.19 0.02 0.14 2.00 4.10 36

128400224459 2985 1 0 0 0 0 5.73 1.65 0.08 2.40 1.99 4.04 37

125300572851 943 1 0 0 0 1 4.02 3.82 0.05 2.23 2.00 3.92 38

10268579 677 1 0 0 0 0 5.71 3.52 0.00 2.36 2.00 3.91 39

2107.00-22-6975.000 1650 0 0 0 0 0 5.93 3.59 0.00 0.04 1.99 3.91 40

1290.00-10-0868.000 638 1 0 0 0 0 5.08 2.70 0.00 2.85 2.00 3.82 41

128400224459 3201 1 0 0 0 0 4.09 1.97 0.41 1.16 2.70 3.80 42

1253.00-21-7851.000 1185 1 0 0 0 1 3.96 3.75 0.05 1.92 2.01 3.80 43

1232.00-02-6629.000 1090 1 0 0 0 0 2.60 3.60 0.02 2.74 2.97 3.77 44

10271386 1983 0 0 0 0 0 5.61 3.49 0.00 0.12 2.00 3.76 45

1233.00-80-5660.000 520 1 0 0 0 0 2.43 2.45 0.01 1.99 3.00 3.75 46

1292.00-02-1796.000 886 1 0 0 0 0 5.44 1.52 0.00 2.45 1.99 3.75 47

126400631210 907 1 0 0 0 0 5.08 3.18 0.09 2.76 2.00 3.74 48

1199.00-24-3879.000 639 1 0 0 0 0 5.51 1.56 0.01 2.65 2.00 3.74 49

1252.00-64-8436.000 1247 1 0 0 0 0 3.03 3.41 0.19 0.90 2.94 3.67 50

123500713168 505 1 0 0 0 1 2.92 3.56 0.63 2.03 1.80 3.61 51

1231.00-10-7668.000 504 1 0 0 0 0 1.90 2.82 0.07 1.83 3.00 3.53 52

1188.00-67-7558.000 475 1 0 0 0 0 3.33 2.40 0.01 0.36 2.96 3.49 53

1200.00-51-2907.000 450 0 0 0 0 1 2.79 4.15 0.13 1.27 2.75 3.48 54

1210.01-39-9870.000 736 1 0 0 0 0 1.84 3.08 0.06 1.89 2.99 3.45 55

125600667246 826 1 0 0 0 0 4.75 2.36 0.41 1.07 1.83 3.40 56

125400879761 501 1 0 0 0 0 3.53 3.75 0.01 3.86 1.98 3.31 57

1187.00-38-0919.000 621 0 0 0 0 0 3.67 3.52 0.27 2.70 2.99 3.30 58

125500426952 431 1 0 0 0 0 4.08 3.20 0.08 3.00 1.82 3.30 59

124600942320 517 1 0 0 0 0 3.74 3.08 0.28 2.67 1.91 3.28 60

1119.00-02-7219.000 500 1 0 0 0 0 0.73 2.56 0.07 0.97 3.59 3.17 61

1271.00-59-2454.000 636 1 0 0 0 0 3.18 3.51 0.04 0.89 2.00 3.14 62

10378126 1197 1 0 0 0 0 3.91 2.37 0.10 0.75 2.01 3.12 63

1290.00-73-6455.000 598 1 0 0 0 0 3.16 3.35 0.01 2.81 1.96 3.12 64

1222.00-46-7399.000 542 1 0 0 0 0 0.67 3.11 0.00 2.77 2.91 3.09 65

126400386794 1234 1 0 0 0 0 2.88 3.05 0.08 3.08 1.91 2.99 66

126300950575 1078 1 0 0 0 0 3.23 3.00 0.04 2.16 2.00 2.96 67

126500236440 2097 1 0 0 0 0 3.53 2.28 0.12 1.37 1.99 2.96 68

123400657767 586 1 0 0 0 0 2.69 3.70 0.28 1.73 1.71 2.91 69

124600513162 534 0 0 0 0 0 3.38 4.10 0.03 3.00 1.65 2.69 70

125400347495 729 1 0 0 0 0 1.20 3.42 1.40 0.46 1.79 2.38 71

Table A4. Waccamaw Scores and Rankings 


