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Abstract 

The Land Trust for Central North Carolina is a non-profit organization that works to protect and 
preserve land – natural areas, rural landscapes, family farms, and historic places within North 
Carolina’s heartland.  For this client, we were tasked with performing an ecosystem service analysis 
to determine the benefits that The LandTrust’s properties offer to humans. Of the many ecosystem 
services these properties generate for human benefit, we examined water quality, carbon storage, 
and recreation using geospatial data available from the USGS, the US Census Bureau, and NC 
OneMap to demonstrate the value of land protection. To aid in future conservation decisions, we 
also determined land use change and forest type change in The Land Trusts’ counties of operation 
on non-protected lands. Through geospatial analysis, we were able to quantify these select 
ecosystem services, which will aid in making these abstract ecosystem services more tangible. Our 
non-monetary quantification of 3 ecosystem services from already protected lands will help The 
LandTrust describe the benefits of land for a range of different interest groups. With our land use 
and forest changes results, The Land Trust can further focus conservation efforts on areas that are 
likely to be impacted from development and land use change. This ecosystem service analysis also 
lays a framework for future ecosystem service studies, such as those that examine other ecosystem 
services or that involve economic valuation of ecosystem services. 
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I. Introduction 

The Client: The LandTrust for Central North Carolina 

 The LandTrust for Central North Carolina (“The LandTrust”) is a private non-profit 

organization that works to protect and preserve land—natural areas, rural landscapes, 

family farms, and historic places—within North Carolina’s heartland. The LandTrust 

professionals work with willing landowners and their families to explore conservation 

options for preserving property.  One option for conserving land is to place it under a 

conservation easement, which are voluntary, legal agreements that permanently protect 

land from subdivision and intensive development. The easement preserves the natural 

characteristics of land, while offering landowners estate and income tax benefits. 

Conservation easements are negotiable documents that match owners’ property-use needs 

with long term benefits to their community. The LandTrust also works with conservation 

partners to acquire land for natural area preservation, recreation, or other conservation 

purposes. Since the organization was incorporated in 1995, The LandTrust has conserved 

more than 22,600 acres of land, including large acquisitions in the Two Rivers area and in 

the Uwharrie Mountain Region, as well as working farmlands and forests (LandTrust 

2013).    

In recent years, two of the primary focal areas of The LandTrust for land acquisition 

and management are the Two Rivers Preserve Area, located at the confluence of the Yadkin 

and South Yadkin Rivers, and the Uwharrie Mountain region (Map 1). The two regions both 

produce a variety of ecosystem services and benefits to humans, especially related to water 

quality, carbon storage, and recreation (Vershel 2011). Local citizens benefit from these 

ecosystem services; they use these lands for recreational activities and the surrounding 

towns have high water quality due to the water purification by the surrounding ecosystems 

the water runs through (LandTrust 2006). The LandTrust seeks to make information on 

the ecological and socioeconomic benefits of conserved lands available to the citizenry of 

the region. A greater knowledge of the positive community impacts that land conservation 

provides can only assist in gaining greater support for, and involvement in, conservation 

efforts in these local communities. 
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The Concern: Ecosystem Services in Central North Carolina 

Our definition of ecosystem services and benefits is taken from the United Nations 

Millennium Ecosystem Assessment (MEA) (2005).  In the MEA, ecosystem services are 

broadly defined as any benefit to humans obtained from an ecosystem. The MEA outlines 

four broad categories of ecosystem services, highlighted below in Figure 1. These broad 

categories allow for flexibility in the determination of specific ecosystem services of an 

area, services that are shaped by the unique circumstances that occur within the varying 

ecosystems on this planet. These categories are inherently interconnected, as the 

supporting services are required for the production of the services in the three other 

categories. Also, the three categories remain distinct but are relatable; for example, water 

purification is a regulating service, but fresh water, a product of water purification, is a 

provisioning service. Similarly, pollination is a regulating service that results in food 

production, a provisioning service. Cultural services are often the intangible and therefore 

difficult to quantify, but are tied to the other categories’ existence and interactions. 

 

Figure 1: Ecosystem Service Categories and Examples (MEA 2005). 

 
In order to develop economic valuation of ecosystem services, and the associated 

dollar values and markets, one would need more stringent definitions and categorization, 
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such as those found in Boyd and Banzhaf (2007). In their definition, a “final ecosystem 

service” is the end-product of nature, controlled through “intermediate components,” and a 

“benefit” is defined by how and when humans interact and actually “benefit” from the 

service. In an example using recreational activities, Boyd and Banzhaf highlight fishing, 

which would be an ecosystem benefit to humans. This benefit is derived from the final 

ecosystem services of the water source, fish populations, and riparian forests. In this 

fishing scenario, the intermediate ecosystem service is the water quality, which controls 

the final ecosystem services. Their definition is based on the relationship and degree of 

separation between the actual human benefit and the ecosystem service that generates that 

benefit, and this more exact definition would be required for economic analysis. While we 

did not directly use this more specific definition, it is important to mention for possible 

future economic evaluation analyses. 

As an economic example, the economic importance of water quality as an ecosystem 

service has been demonstrated in many locations, including in United States cities. New 

York City chose to improve drinking water quality through ecosystem protection (at a cost 

of $660 million), rather than through building and improving water treatment systems (at 

a cost of ~$6-8 billion). This approach saved taxpayers a significant amount of money and 

returned New York City’s drinking water to higher quality standards. The New York 

government continues to compensate land owners for buyouts and development 

restrictions in an effort to preserve the Catskills watershed, which keeps water costs low 

(Ecological Society of America 1997). Similarly, in nearby South Carolina, the American 

Water Works Association awarded the city of Greenville the “Best of the Best Water Taste 

Test” award. The city’s high water quality is due in part to the full forested protection of 

their two water reservoirs, a pristine 26,000 protected acres, inaccessible to humans and 

development to protect the water quality (Mueller 2011). These two examples highlight the 

importance of protecting land to preserve water quality, a direct ecosystem benefit. 

Quantifying ecosystem services, both economically and geospatially, is difficult; 

economically, markets may not exist and geospatially, exact measurements may not be 

made. In all cases, quantification is data dependent. However, ecosystem service 

quantification can help make the abstract more salient. While one individual or group may 

intrinsically value land, happy knowing it provides ecosystem services and not needing to 
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know how much, another individual or group may want to know how much carbon, how 

much riparian buffer, etc., is on a piece of land. Without data analysis and quantification, 

this is not possible. Without measurements or the development of metrics, the importance 

of land and its production of ecosystem services cannot be quantified nor translated for 

different interest groups. Being able to determine the numeric values of these services 

through geospatial measurement emphasizes the importance of land conservation, allows 

current protected lands to be better managed, and strengthens the rational for protecting 

additional lands in the future. 

 

The Question: Our Project and Goals 

The LandTrust’s needs in the Uwharrie Mountain and Two Rivers regions are 

twofold: 1) to demonstrate to various stakeholders the benefits of lands already protected  

and 2) to help prioritize and provide a quantifiable justification for protecting additional 

lands in those areas in the future. Our project addresses both needs through a geospatial 

examination and evaluation of selected ecosystem services provided by the Uwharrie 

Mountain area and the Two Rivers area. To aid in addressing the first need, we focused on 

analyzing the benefits of drinking water quality, carbon storage, and recreational activities. 

These benefits were chosen because they relate directly to human needs and will be most 

relevant to the local community and stakeholders. To address The LandTrust’s need for 

prioritization of unprotected lands, we examined land use change and forest type change. 

Geospatial analysis allows quantitative data to be explained in a more tangible way, 

especially when supported by examples of ecosystem service quantification and literature 

review. Geospatial analysis also allows for the estimation of these specific ecosystem 

services when it is unfeasible to perform in situ measurements, while covering a large 

spatial area, which makes comparisons between protected lands and other lands simple, 

while not having to expend time and money performing experiments in the field. 

 

Water Quality 

Water quality is an important ecosystem service, especially given the examples of 

New York State and Greenville, SC (ESA 1997; Mueller 2011). Clean water is now being 

compromised, as human activity increases both the consumption and pollution of 
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freshwater. However, many studies are showing the effectiveness of riparian buffers in 

mitigating the entrance of certain pollutants into water sources. Mayer et al (2006) 

synthesized numerous studies to determine the effects of buffers on the reduction of 

nitrogen, a common non-point pollutant from that leads to eutrophication and undrinkable 

water. Effective reduction of nitrogen was highly dependent on buffer characteristics, but 

there was overarching agreement on several points regarding what makes an ideal buffer.  

Two important factors are buffer width and vegetation, which are reliant on each 

other. Lee et al (2003) found that a 7.1m grass buffer removed 80% of total nitrogen and 

62% of nitrate. When this grass buffer included an extra 9.2m of woody vegetation, the 

buffer removed 94% of total nitrogen and 85% of nitrate. Schoonover and Williard (2003) 

found that 10m of forest buffer reduced groundwater nitrate concentration by 61%, where 

Vellidis et al (2003) found that a 38m forest buffer removed 78% of nitrate and 52% of 

ammonium. These three studies highlight that the type of vegetation, as well as the width of 

the vegetation strip, are important in buffer efficiency and design. The above studies also 

suggest disagreement about what vegetation type and buffer width is most effective, which 

Mayer et al (2006) sought to determine based on a literature review. Mayer et al (2006) 

used the above studies and others studies to estimate buffer widths and their respective 

nitrogen removal efficiencies, as shown below (Figure 2). 

 

Figure 2: Relationship of Buffer Width (m) and Nitrogen Removal Efficiency (Mayer 2006). 
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While buffers are important in the removal of nitrogen, and the specific land cover 

types described above aid in nitrogen reduction, this does not mean that all areas of these 

specific land cover types act as a buffer. Nitrogen pollution moves across the landscape via 

water transport, and so if a particular buffer does not sit on the flow path of water, it does 

not sit on the flow path of nitrogen and therefore does not effectively reduce pollution 

(Baker et al 2006). With the knowledge that riparian buffers offer water purification 

services, and with the understanding that buffer type, width, and spatial location all affect 

the ability of riparian buffers to offer this regulating service, we were able to examine the 

amount of effective riparian buffer on The LandTrust’s protected lands, as a metric for the 

water purification potential that their lands offer. 

 

Carbon Storage 

Carbon storage is another ecosystem service that The LandTrust offers through land 

conservation, falling into the provisioning services’ category as a source of fuelwood, 

timber, and biochemicals but also into regulating services’ category due to its connection to 

climate regulation as a carbon sink. Loss of forests through conversion results in a net 

carbon source which can take years to rebalance in the carbon budget (Harmon et al 1990). 

These mature forests act as a standing sink of carbon and offer long-term storage, in 

addition to continued sequestration. However, this storage should not be traded for faster 

sequestration, as Harmon et al (1990) examined. They compared a 450 year old natural old 

growth stand to a 60 year old plantation, and found the old growth stand to have 2.2-2.3 

times more carbon stored than a plantation. Additionally, they simulated biomass 

accumulation and found that loss of an old growth forest can take 250 years to recover to 

pre-harvest levels. Though they examined a different forest type (Douglas fir), it is clear 

that harvesting a standing forest that is acting as a sink in an effort to obtain more forest 

for sequestration purposes is not ideal. Both young, growing forests and old growth forests 

have their roles to play in the carbon balance, and neither one is more important than the 

other in terms of offering carbon storage and sequestration benefits. 

Similar to Harmon et al (2009), we also looked at the conversion between forest 

types, specifically from standing hardwood forests to pine plantations, as is common in the 

Piedmont of North Carolina. Timber is an important industry in North Carolina, and Table 1 
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highlights the 2012 production levels in the counties where The LandTrust has properties 

(Jeuck and Bardon 2012). According to Table 1, three of the counties where The LandTrust 

operates rank within the top ten timber producing counties in the state, which are ranked 

among the 100 counties in North Carolina by stumpage value. The stumpage values reflect 

prices paid to landowners who sell their timber. It is clear there is demand for wood 

products, and that demand and promise of payment is resulting in forest harvest and 

conversion, which will therefore impact carbon storage and sequestration. 

Table 1: Timberland Volume and Values for The LandTrust’s counties (Jeuck and Bardon 2012). 

County Timberland Acreage Timberland % Stumpage Value ($) County Rank 
in stumpage 
value 

Anson 226,547 71% 12,363,640 4th 
Cabarrus 86,534 36% 898,827 86th 
Davidson 183,861 51% 3,249,301 35th 
Davie 90,846 54% 1,058,131 83rd 
Forsyth 107,702 41% 1,403,431 75th 
Iredell 107,300 29% 3,020,384 36th 
Montgomery 231,976 78% 10,565,706 9th 
Moore 322,059 70% 14,378,283 2nd 
Randolph 276,238 54% 6,144,698 16th 
Richmond 247,090 86% 8,572,548 15th 
Rowan 120,687 41% 3,240,896 34th 
Stanly 116,941 45% 1,841,757 67th 
Union 167,167 38% 4,391,018 59th 

 

Recreation 

 As a cultural service, recreation can be difficult to measure and methods of 

measurement vary with the end goal of the study. However, quantification of cultural 

services is incredibly important as cultural services are often the ones that individuals can 

most directly relate to and are therefore often the most salient. Undoubtedly our national 

parks and forests are critical to land and ecosystem conservation, but the 281 million 

people who visited national parks in 2010 emphasizes the role that direct human 

interaction plays in the conservation of other ecosystem services, and that conserving land 

for the goal of human enjoyment can aid in conserving other ecosystem services (Vershel 

2011). In their understanding of the importance of the human factor in conservation, The 

LandTrust has protected numerous properties with the end goal of making them available 

for public use, often with the help of state and federal government entities such as the US 
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Forest Service (Vershel 2011). For example, The LandTrust is working with other 

conservation partners to reconnect 8 miles of the Uwharrie Historic National Recreation 

Trail, a trail that has been reduced from a 53-mile continuous stretch to a fragmented 20 

miles due to the closing off of sections through private ownership. 

Numerous methods and variables must be considered in the determination of 

recreation benefits. To measure the recreation value of areas in coastal California, Chan et 

al (2006) used habitat type, in combination with the proximity of their areas of interest to 

population centers and the access rights, to determine the potential recreation benefit. 

Costanza et al (2007) also examined land cover type when looking at recreational benefits 

for the state of New Jersey. It seems that the habitat of the area and the travel distance to 

the area are the deciding factors in determining recreation. This is understandable when 

one thinks of human recreation choices—the closer and “prettier,” the better.   

To determine the recreation benefit that is provided by The LandTrust’s protected 

land, there is the confounding variable of access rights. In the case of The LandTrust, 

protected lands are not necessarily available for public recreation at all times. Their fee 

lands are public, but conservation easement lands require permission for access. Only 

4,800 of the 22,000+ protected acres are open for public recreation (Vershel 2011). Given 

that Chan et al (2006) and Costanza et al (2007) highlight the importance of the land cover 

type and the aesthetics of the land cover, a lack of full-time public access is not ideal if the 

most aesthetically pleasing lands are private or require permission for general public use. 

This reduces the ability to include habitat type as a predictor of land usage when modeling 

the recreation benefit of The LandTrust’s lands. However, visitor population estimates can 

be obtained from driving distance estimates and census data, and this population estimate 

can represent the potential people served by The LandTrust and its protected lands that 

are open for recreational use.  

II. Methods of Analysis  

Using the MEA categories, we examined three ecosystem services that The 

LandTrust’s protected lands provide. First we examined riparian buffering and its link to 

water quality. We also examined current carbon storage with its connection to forest and 

land change in the counties where The LandTrust operates. For riparian buffering, we 
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examined all parcels, where for carbon storage we not only examined all parcels but also 

made comparisons with non-LandTrust lands. Finally we examined recreation provided by 

The LandTrust’s protected lands that allow public use, using a measurement of served 

population to represent potential users. To further aid in future land protection and 

management decisions for The LandTrust, we also determined the county-wide changes in 

land cover due to conversion to developed lands and agriculture, and forest change due to 

conversion to pine plantations. This helps determine which areas are seeing development 

the fastest, which can be used to focus land acquisition in the future as well as inform our 

carbon storage projections.  

 To determine the services offered by The LandTrust’s lands, we used spatial 

measurements as metrics for services. Rather than collect water samples to determine the 

upstream and downstream effects on water quality, we measured the amount of riparian 

buffer on the protected lands. Similarly with carbon, we did not perform timber cruises, but 

instead combined land cover data and aerial imagery to determine land use change rate, 

forest conversion from standing forest to plantation (human conversion) and pine to 

hardwood (succession), and current carbon storage. For recreation, we chose to determine 

the population served by the publicly accessible lands and compared that to the population 

served by the Pisgah and Nantahala National Forests to provide a measure of the recreation 

benefit the lands provide. This allowed for an estimate and comparison when a user survey 

was outside of the scope of our project.  

Ultimately, the geospatial analysis we performed provides reasonable proxies of the 

services provided, rather than directly measuring the services themselves. This is not to 

say that geospatial analysis is a replacement for field work and data collection, but here it 

allowed for analysis when presented with budget and time constraints, allowed for all the 

properties, which span 10 counties, to be analyzed, and fit the scope of the project. 

 Our results have been synthesized below for The LandTrust’s future use and 

consideration, in an effort to inform future studies, including those that are economic in 

nature. Information from this study can be distributed to local landowners and 

stakeholders, either in full or in condensed information materials, to provide an 

explanation of the benefits provided by protected lands and the importance of targeted, 

informed land protection. 
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Water Quality 

The LandTrust properties contribute to the improvement of downstream water 

qualities in different ways, including water purification through its vegetated land cover. 

Although it is hard to quantify the total water quality improvement effect, with GIS we can 

estimate the water purification capacity of the vegetated land, which is referred to as 

riparian buffers. Riparian buffers are areas along water courses that aid in water 

purification by trapping the pollutants and sediments in surface runoff and ground water 

that flow into the water body (Mayer et al 2005). To identify the riparian areas, one simple 

method is to determine the vegetated area within a fixed distance from the stream. We 

identified the forests, shrub, natural grassland and wetlands within 300 feet of the streams, 

since these land covers are considered to form an effective buffering system (Lee et al 

2003). Then we calculated the total buffer area within The LandTrust’s properties.  

However, not all of the vegetated land cover along a water body will trap pollutants 

(Baker et al 2006). For vegetated land to actually perform water purification services, it 

should be on the flow path that water travels along as it moves from a non-point pollution 

source to the water body. By accounting for the flow path of water, we identified the 

“effective riparian buffer.” To do so, we performed geospatial analysis according to the 

methods suggested by Baker et al (2006). Our two main input layers are from open sources 

on government servers: National Elevation Dataset (DEM, available at 

http://nationalmap.gov/viewer.html), which describes the modeled elevation at a 

10m*10m resolution; National Land Cover Database 2006 (NLCD 2006, available at 

http://nationalmap.gov/viewer.html), which describes the land cover type at a 30m*30m 

resolution.  A layer provided by The LandTrust outlines their properties in North Carolina. 

First, we reclassified the NLCD 2006 raster cells into three categories: non-point 

sources of pollution, pollution buffer, and everything else (neither a pollution source nor a 

sink). For our analysis, the non-point sources of pollution include cultivated crops and 

planted pasture in the original land cover data, due to their common fertilizer inputs. The 

pollution buffers include forests, shrub, natural grassland and wetlands, which are the 

same as for the fixed-distance riparian buffer above. The other fundamental input layer is a 

flow direction raster. We created a depression-less DEM (required for hydrological 

modeling) from the 10m DEM raster, and used the elevation value in this filled DEM data to 

http://nationalmap.gov/viewer.html
http://nationalmap.gov/viewer.html
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calculate the water flow direction for each cell. The result is a flow direction data layer, 

which we used to create a flow accumulation map that shows how many upstream cells 

flow into each cell. Then we generated streams by setting the threshold of flow 

accumulation to 250 to select cells that have water “flow” from at least 250 other cells. This 

threshold is chosen since the streams generated matches with the “Main River/Streams” 

from the National Hydrography Dataset’s flowline feature. 

Next we created a binary map that codes non-point source cells with 1 and the rest 

with 0. We used this binary data and the flow direction data to create a flow accumulation 

map where each cell value represents how many pollution cells flow into it. The result is 

the flow path of water from the non-point sources. By combining the flow path data and the 

non-point source binary data we created a map showing the areas that would be affected 

by non-point source pollution. Then we identified the buffer cells located in the area that 

pollution would flow through. These represent the buffer cells that can help to reduce 

pollution crossing the landscape. 

Based on the result from the last step, we continued to identify buffer cells that 

connect to streams. This was accomplished by comparing the value of two maps: one that 

calculates the downstream distance to a stream cell along the water flow path, the other 

one that calculates the downstream distance when weighted by the buffering cell, and 

locations that have equal value in both maps are assigned value 1 in the output map. In 

identifying the cells that have the same value on the two flow distance maps, we know 

which land cover areas are buffers on both the flow path of non-point pollution and are 

also connect to the streams. The result is a layer of effective riparian buffers that directly 

reduce the pollution that flow into a stream.  

We calculated the total effective riparian buffer area within The LandTrust’s 

properties, which indicates the properties’ potential contribution to downstream water 

quality. Moreover, we identified the streams that the properties are adjacent to, as these 

streams will benefit from the water purification services provided by riparian buffers and 

might be targeted for protection by The LandTrust. 

Some properties contain croplands, and the effective riparian buffer may help 

reduce pollution from these croplands. We calculated the mean buffer width and mean 

adjusted cropland proportion as proxies for pollution reduction provision. Buffer width is 
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the distance across buffered land on the flow path from cropland to a water source, and so 

the mean buffer distance is the mean travel distance for the cropland cells within a 

property (Baker et al 2006). The mean buffer width indicates to what extent the effective 

riparian buffers intercept the pollution from croplands within The LandTrust’s properties. 

The adjusted cropland proportion is a value calculated as 1/(1+cell number of effective 

riparian buffers crossed) for a cropland cell, and it is an estimate of the percent of cropland 

pollution that will reach the downstream water sources (Baker et al 2006). The adjusted 

cropland proportion indicates the potential impact of pollution from cropland on the 

downstream water bodies, after being buffered. All values for the riparian buffers on the 

properties are shown in Appendix I: Tables 1A and 1B. 

 

Current Carbon Storage 

The forest in The LandTrust’s properties stores a significant amount of carbon, 

which without preservation, may be released into the atmosphere (Harmon et al 1990). 

Estimation of the current carbon storage on The LandTrust’s properties gives us an idea of 

baseline carbon storage volume, which could be used for future sequestration modeling.  

To estimate the carbon storage in The LandTrust's properties, we used The National 

Biomass and Carbon Dataset 2000 (available at http://daac.ornl.gov). This 30m resolution 

dataset uses a modeling approach to estimate basal area-weighted canopy height and 

aboveground live dry biomass, with predictor variables of products of the National Land 

Cover Dataset 2001, the Landscape Fire and Resource Management Planning Tools Project 

and the National Elevation Dataset, and the response variables from the Forest Service 

Forest Inventory and Analysis database (Kellndorfer et al 2012). 

We created a mask of forest areas by isolating areas that are classified as forest in 

the National Land Cover Dataset 2001 (available at http://nationalmap.gov/viewer.html), 

and identified the forest area within The LandTrust properties. We extracted the biomass 

data for these forest areas. In the result map, each cell value represents an average biomass 

estimate in kg/m2 in the 30m2 cell. We used the biomass value to calculate aboveground 

carbon as 0.5 of the weight of biomass, and belowground carbon as 0.2 of the aboveground 

carbon (Ponce-Hernandez 2004). Then we summed up the aboveground carbon and 

http://daac.ornl.gov/
http://nationalmap.gov/viewer.html


Montgomery & Zhu 15 
 

belowground carbon for the forest areas, giving us the carbon storage in kg in the forest of 

The LandTrust’s properties.  

As a reference, we used the same method to calculate the forest carbon storage for 

other publicly- or privately-owned managed area in the 10 counties region, and for the 

non-protected forest area in the 10 counties region. By comparing the area-weighted forest 

carbon storage in The LandTrust properties and in other managed area and non-managed 

forest, we are able to display the effect of forest conservation work on carbon storage 

accumulation. To identify the protected areas that are not owned by The LandTrust, we 

used the map of Managed Areas in North Carolina (available at 

http://portal.ncdenr.org/web/nhp/home), clipped it using a shapefile of the 10 counties, 

and then erased the area of The LandTrust’s properties. Then we identified the forest areas 

in these properties with the “forest area mask” created before. To determine the non-

protected forest areas, we clipped the “forest area mask” by the 10 counties boundaries to 

get the total forest area in 10 counties, and then erased the protected areas from the total 

forest area to get the non-protected forest. These results are found in Table 2 and Figure 3. 

 

Recreation and Population 

The recreation benefit of The LandTrust’s lands was analyzed using the ArcGIS 

network analysis tool. Network Analysis uses distance and other attributes, such as time, to 

determine travel information. It can be used simply to determine the fastest (time) or 

shortest (distance) route from one place or another, much like Google maps or a GPS unit. 

However, network analysis can go beyond that, and for recreation it was used to determine 

the total service area of specific locations. The service area represents the area that a 

location serves within a given time or distance, and so the service area of the protected 

lands allowed us to establish population estimates (Esri 2012). We then compared The 

LandTrust’s lands service area and served population to the service areas and served 

populations of the Pisgah and Nantahala National Forests, which can be used to emphasize 

the importance of The LandTrust’s work in providing recreation benefits to a large 

population.   

The primary data inputs for The LandTrust’s service area analysis were a network 

dataset of a street layer (Tele Atlas North America Inc.), and point data shapefile that 

http://portal.ncdenr.org/web/nhp/home


Montgomery & Zhu 16 
 

indicated public access areas. The point data shapefile was based off data from The 

LandTrust that described which of their lands are publically accessible and allow for 

recreation.  

Using the polygon data of the protected lands and a Bing hybrid aerial map for 

reference, Land Trust access points were plotted during an Editor session in ArcMap. Upon 

digitizing, 29 points were created to represent the public lands of The LandTrust. These 

were loaded as locations into a New Service Area layer in ArcMap, in order to capture 

general travel times that a traveler might be willing to forgo for recreation. Two hours was 

set as a travel time limit, a criterion suggested by the client, to represent the time frame of 

driving that the local population might travel to enjoy the recreation offered by The 

LandTrust’s lands. 

The United States Forest Service provided point shapefile data on the public access 

points they have for their national forests, for both the Pisgah and Nantahala. Having the 

points provided did not require the creation of new points as required for The LandTrust 

data, so their point data were loaded into a Service Layer to generate service area polygons 

as done for The LandTrust. 

The generated polygons, which represent the extent of the roads served by the 

public access area, were used to clip 2010 census block data (US Census 2012), which was 

in the form of a polygon shapefile, with a population value per block. The census blocks 

that fell within the service area polygons were extracted and used to create unique 

shapefiles, and the population for was totaled for each entity (The LandTrust, Nantahala, 

and Pisgah) to provide an estimate, albeit rough, of the population served (Table 3, Figure 

4). 

 

Forest Change 

To aid future land protection planning for The LandTrust, we determined the forest 

land change in the 10 counties. As the timber industry is significant to North Carolina’s 

economy, there are logging activities in the 10 counties region. In particular, there is 

considerable conversion from hardwood and replacement with loblolly pine plantations. 

These changes in forest area and forest composition not only affect biodiversity, but also 

may lead to carbon dioxide release (Peet and Christensen 1984; Harmon 1990). As such, 
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we attempted to detect whether the counties are under the threat of forest loss and 

conversion, where these changes are occurring, and to what extent. 

The land cover change between forested land, developed land and cropland reflect 

how human activities alter land use in the ten counties (Sexton et al. 2013). To compare 

shifts in forest land cover, we used the National Land Cover Dataset for 2001 and 2006 

(NLCD 2001 & 2006). We created binary maps for each of the land cover data, with 1 

representing forest land and 0 representing all other land covers. We compared the 

forested areas across the two layers to compute where new forest occurred, where it was 

lost, and where it remained the same. We used the same processing method to get the 

difference maps for developed land and cropland. We calculated the net area change over 

the county area for the 10 counties (Table 4, Figure 5). Additionally, we compared the 

difference maps for forest and developed land, and for forest and cropland, to determine 

the acreage of forest that has changed to developed land and to cropland in the 10 counties 

(Table 5, Figure 6).  

For the forest composition change, we focused on the change from deciduous forest 

to evergreen forest, according to forest succession trends in the North Carolina Piedmont 

(Christensen and Peet 1984). We used products from MODIS sensor – the Normalized 

Difference Vegetation Index (NDVI) dataset, which has 16-day cycle and 250m resolution 

(available at http://earthexplorer.usgs.gov). The NDVI index ranges from -1 to 1, with 

positive values representing vegetated surface, and values from -1 to 0 representing non-

vegetated surface.  

First, we isolated the forest area identified with the National Land Cover Dataset 

2006 (NLCD 2006) as a mask of forest area. We attempted to detect changes in forest 

composition in this area from 2001 to 2006. We chose data in January to represent winter 

NDVI and data in July to represent summer NDVI, as summer NDVI reflects the vegetation 

canopy of evergreen and deciduous forest while winter NDVI only reflects the vegetation 

canopy of evergreen forest. The difference between 2001 and 2006 summer NDVI shows 

the increase or decrease in total forest vegetation canopy, and the difference between 2001 

and 2006 winter NDVI shows the increase or decrease in vegetation canopy of evergreen 

forest. By subtracting the winter NDVI difference from the summer NDVI difference, we get 

the increase or decrease in vegetation canopy of deciduous forest.  We calculated the area-

http://earthexplorer.usgs.gov/
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weighted NDVI difference for each county to estimate changes in vegetation canopy of 

deciduous forest and evergreen forest in the defined forest area, and thus we determined 

the changes in forest composition (Table 6, Figure 7).  

III. Results 

Water Quality Results 

Based on the 2013 data, the total area of The LandTrust properties is about 22,600 

acres, and these properties contain 5,648 acres of buffer area (buffer is 300 feet on either 

side of a stream), and 1,394 acres of effective riparian buffer. The fixed distance riparian 

buffer area is larger than the effective riparian buffer area because the latter considered 

the factor of water flow path. The fixed distance riparian buffer area and effective riparian 

buffer area for each property are shown in Appendix I:  Table 1A. Both the fixed distance 

and the effective riparian buffers aid to improve the water quality in the river adjacent to 

them, which mainly include the South Yadkin River, Grants Creek, and the Uwharrie River 

(Map 1).  

For properties that contain cropland, we evaluated the effective riparian buffers’ 

pollution reduction effect on the pollutants flow from these croplands to the streams 

(Appendix I: Table 1B). There are about 5,807 acres of cropland in The LandTrust 

properties. The area-weighted mean buffer width for these croplands is 315.7 feet, which 

means the pollutants from the croplands need to flow through a distance of 315.7 feet 

across the effective riparian buffer on average. And the area-weighted adjusted cropland 

proportion for these croplands is 47.4%, which means if the pollution uptake is 

proportional to the buffered distance, then about 47.4% of the pollution from the croplands 

would potentially reach the stream. Without the effective riparian buffer, it is possible that 

100% of the pollution from the croplands would have flowed into the stream. So the 

adjusted cropland proportion, as a relative value, could give us an idea of the potential 

water purification gained from the effective riparian buffer.  

 

Carbon Storage Results 

Based on the 2000 data, total carbon storage in the forest area of The LandTrust 

properties is approximately 454,182 tons (Table 2). The area-weighted forest carbon 
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storage value of The LandTrust properties is about 32 tons/acre, and it is higher than the 

average forest carbon storage of other managed lands or non-protected forest in the 10 

counties region (Table 2, Figure 3). 

 

Table 2: Forest carbon storage of The LandTrust’s properties and other lands in the region in 2000. 

 
Area (acre) 

Total 
Biomass 

(ton) 

Total 
Aboveground 
Carbon (ton) 

Total 
Belowground 
Carbon (ton) 

Total 
Carbon 

(ton) 

Area-
Weighted 

Carbon 
(ton/acre) 

LTCNC 
Properties 

Forest 
14,345 756,969 378,485 75,697 454,182 31.66 

10 Counties 
Other 

Managed 
Land Forest 

93,593 4,700,430 2,350,215 470,043 2,820,258 30.13 

10 Counties 
Non-

Protected 
Forest 

1,554,941 74,195,820 37,097,910 7,419,582 44,517,492 28.63 

Note: For each type of land, the mean value is weighted by acreage of forests area, not by total area. 
 

 
Figure 3: Area-weighted Forest Carbon Storage in The LandTrust’s properties and other lands in 10 
Counties as of 2000.  

Recreation Benefit Results 

The LandTrust’s publicly accessible properties serve approximately 6.72 million 
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the Pisgah National Forest serves 4.26 million people. The LandTrust has the potential to 

serve 2.38 million and 2.46 million more people than the Nantahala and Pisgah National 

Forests, respectively (Table 3, Figure 4). 

 

Table 3: Total Population Served by The LandTrust, Pisgah National Forest, and Nantahala National 
Forests. 
Publicly Accessible Entity Total Population Served Difference from Pop Served by Land Trust 
The LandTrust 6.72  
Uwharrie NF 5.91 -0.81 
Nantahala NF 4.34 -2.38 
Pisgah NF 4.26 -2.46 

 

 
Figure 4: Total Population Served by The LandTrust, Uwharrie NF, Pisgah NF, and Nantahala NF.  

Forest Change Results 

Based on the land cover data between 2001 and 2006, there is a mix of newly 

occurring forest and lost forest area in all the 10 counties (Map 2), and 6 counties have net 

decrease in forest area (Table 4, Figure 5).  Moreover, all the 10 counties have a net 

decrease in cropland area and a net increase in developed land area (Table 4, Figure 5). 

Moreover, the results from comparing between the difference maps shows that among the 

6 counties that have net decrease in forest area, Montgomery and Richmond mainly lost 

forests to cropland. Alternatively, Cabarrus, Iredell, and Rowan mainly lost forest lands to 

developed land. Finally, Randolph lost forests both to cropland and developed land (Table 
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5, Figure 6). Other counties, although they have also lost forest area to developed land or 

cropland to some extent, new forest growth exceeded these losses, and thus the results are 

a net increase in forest area. 

 

Table 4: Area-weighted net land cover change in each county, between 2001 and 2006. 

County 
County Area 

Mean Cropland 
Difference 

Mean Forest 
Difference 

Mean Development 
Difference 

(acre) % % % 

Anson 346007 -0.89 1.36 0.02 

Cabarrus 226844 -1.93 -1.66 2.46 

Davidson 360197 -0.98 0.10 0.38 

Davie 170637 -1.38 0.03 0.26 

Iredell 383037 -1.26 -0.24 0.84 

Montgomery 324318 -0.10 -0.07 0.02 

Randolph 499014 -0.06 -0.49 0.09 

Richmond 303439 -0.27 -0.92 0.08 

Rowan 333564 -1.17 -0.18 0.26 

Stanly 257847 -1.45 0.86 0.07 

Note: The mean value is weighted by total area of each county.  
 

 
Figure 5: Area-weighted net land cover change within each county, between 2001 and 2006. 
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Table 5: Forest area lost to cropland or developed land in 10 counties, between 2001 and 2006. 

County 
Forest to Cropland Forest to Developed Land 

(acre) (acre) 

Anson 1781 21 

Cabarrus 0 2766 

Davidson 20 691 

Davie 5 120 

Iredell 1 1124 

Montgomery 748 13 

Randolph 191 209 

Richmond 1807 84 

Rowan 37 331 

Stanly 11 114 

 

 
Figure 6: Forest area lost to cropland or developed land in 10 counties, between 2001 and 2006. 

 
For the forest area defined by the land cover classification of 2006, the changes in 

the vegetation index in the these areas between 2001 and 2006 suggest that Anson, 

Cabarrus, Iredell, Richmond and Rowan have increased in deciduous forest cover, while 

decreasing in vegetation canopy of evergreen forest, which may indicate that these 

counties underwent succession, or that pines were harvested in lieu of hardwoods. 
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Randolph and Stanly lost deciduous forest, but increased in evergreen forest, which may be 

related to hardwood logging and reforestation with pine plantations. Davidson and Davie 

have increased in both deciduous and evergreen forest, and Montgomery has lost both 

forest types (Table 6, Figure 7).  

Table 6: Area-weighted net forest vegetation canopy index change in 10 counties, between 2001 and 
2006. 

County 

Forest Area in 
County 

Mean Forest NDVI 
Difference 

Mean Deciduous NDVI 
Difference 

Mean Evergreen NDVI 
Difference 

(acre) X100 X100 X100 

Anson 207749 2.60 3.31 -0.70 

Cabarrus 102370 -0.18 0.44 -0.62 

Davidson 184457 0.94 0.56 0.38 

Davie 80734 0.81 0.30 0.51 

Iredell 156770 -0.61 0.87 -1.48 

Montgomery 229208 -1.11 -0.89 -0.22 

Randolph 282530 0.02 -1.09 1.11 

Richmond 150648 1.05 1.55 -0.50 

Rowan 149726 0.26 1.06 -0.80 

Stanly 118765 0.70 -0.42 1.11 

Note: The mean value is weighted by acreage of forests within counties, not by total area of each county. 
Positive is gain of vegetation canopy, Negative is loss. 
 

 
Figure 7: Area-weighted net forest vegetation canopy index change in 10 counties, between 2001 and 

2006. 
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IV. Discussion 

Ecosystem Services Provided 

 The LandTrust for Central North Carolina’s protected lands offer many ecosystem 

services. We attempted to quantify three of those services through the use of geospatial 

analysis. Based on our analysis of geospatial data, we have quantified the ecosystem 

services of carbon storage, water quality via riparian buffering, and recreation value via 

total served population. Additionally, we have examined land use and forest type change to 

guide protection and management efforts for The LandTrust in the future.  

 Of the ~22,600 acres of land that is protected by The LandTrust, approximately 

5,650 acres can be considered riparian buffer in a distance of 300 feet to streams, and 

1,400 acres are effective riparian buffer when considering water flow path. As riparian 

buffers intercept pollutants that move towards the water source, the area of riparian buffer 

within the properties help us to evaluate their water purification potential (Appendix I: 

Table 1A, Table 1B).  

 For forest carbon storage, The LandTrust properties have an average 31.7 

tons/acre. This is larger than the average forest carbon storage of other managed lands in 

the area (30.1 tons/acre), and larger than unprotected forest in the area (28.6 tons/acre). 

This suggests that The LandTrust properties are high in forest biomass and due to The 

LandTrust’s specific management practices, more efficient in carbon storage.   

 In general, land use conversion in the 10 counties indicates increases in developed 

land with decreases in forestland, but also decreases in cropland. Forestland is being lost to 

both developed land and to cropland, but to different extents in the 10 counties. Trends in 

forest composition change suggest that 5 counties underwent natural succession from 

pines to hardwoods, while 2 counties underwent the conversion from hardwoods to pine, 

which could be indicative of the trends in the areas involving the harvest of standing 

hardwood forest and their replacement with pine plantations.  

 Regarding recreation, The LandTrust serves approximately 6.72 million people 

within a 2-hour drive from their protected lands. Many of The LandTrust’s properties are 

located nearby, if not adjacent to, the protected lands of the Uwharrie National Forest, 

which serves 5.91 million people within a 2-hour drive from its boundaries. Further west, 

the Nantahala National Forest serves 4.34 million people and the Pisgah National Forest 
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serves 4.26 million people within a 2-hour drive. The LandTrust has the potential to serve 

2.38 million and 2.46 million more people locally than the Nantahala and Pisgah National 

Forests, respectively. As shown in Map 3, the extent of their service area includes the 

Charlotte, Winston-Salem, Greensboro, the Triangle Area of Raleigh, Durham and Chapel 

Hill, and even Columbia, South Carolina. With so many major population centers, there is a 

large population that can benefit from hiking, fishing, and other outdoor activities that The 

LandTrust properties provide. The close proximity to these centers is advantageous to The 

LandTrust, as they serve more potential users than the two National Forests in western NC. 

On the other end, these potential users benefit from having a variety of terrains and 

activities at their disposal, with very little driving required to use these areas when 

compared to the national forests further west.  

 As a deliverable for The Land Trust, we have compiled the individual ecosystem 

service totals for some select properties (Table 7).  This table and the data it contains can 

be used to highlight the results from this analysis when showing the importance of The 

LandTrust’s work to different interest groups, such as landowners, grant providers, or 

political entities.  

Table 7: Summary of Selected Properties Ecosystem Service Offerings. 
Property Name Property 

Area (acre) 
Total Riparian 
Buffer (acre) 

Effective Riparian 
Buffer (acre) 

Total Forest 
Carbon (tons) 

Population 
Served 
(millions) 

A&H Investments 11.97 4.67 0 69 5.15 
Belk Tract 9.11 2.67 0 38 4.87 
Bingham Property 1275.96 404.09 11.12 33,659 3.77 
Clyde Hall Tract 51.96 38.70 3.56 1804 4.84 
Huffman Tract 8.28 6.67 0 187 4.89 
Rodney Owens 14.33 8.01 0.22 361 4.96 
Wallace Tract I 11.84 1.33 0 33 5.14 
Wallace Tract II 33.25 20.02 0 1104 5.34 
Wallace Tract III 16.05 11.79 0 441 5.26 
 

 With these selected properties, The LandTrust can examine what is on the ground 

on their properties to determine relationships between land cover type and the riparian 

buffer, as well as between land cover and forest carbon. Combining our estimates can guide 

future management decision, or be used to estimate what new properties may contain as 

they conserve more land. For example, if The LandTrust conserves a property with traits 
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similar to those of the Clyde Hall Tract, they will have an idea of the ecosystem services 

being offered there with regard to the services analyzed here.  

 

Sources of Error 

 There is always inevitable error with geospatial analysis. For example, the carbon 

biomass data is from 2000. Given forest growth rates in the North Carolina Piedmont, it is 

likely these biomass estimates are no longer accurate, assuming the forest is undisturbed. 

Additionally, our carbon estimate did not include belowground biomass, which is difficult 

to estimate even when taking field measurements and so was impractical for geospatial 

measurement. However, soil carbon in all land cover categories is an important carbon 

sink, and so while we provide an estimate of aboveground carbon, the addition of soil 

carbon estimates will likely increase the carbon estimate, assuming the soil is properly 

managed or undisturbed and therefore acting as a carbon sink rather than a source (Post 

and Kwon 2000). 

 While our NLCD Land Use/Land Cover datasets are comparatively recent given 

other datasets (2001, 2006), this does not mean they are without errors. Depending on the 

method of reclassification, which uses ortho-imagery and reflected light to determine the 

groundcover, this data can contain misidentification errors where land that should be 

classified as one land cover type is classified as something else.  

For the measurements of riparian buffering, our measurements provided an amount 

of buffer, but did not quantify the individual land covers’ effectiveness in removing 

pollution (e.g. forest versus wetland versus grassland). We also did not assess the impacts 

of heavy precipitation events on buffer effectiveness, though research has shown a 

reduction in buffer efficiency with increasing precipitation intensity (Lee et al 2003). 

Additionally, the influence of soil type and groundwater hydrology is an important factor in 

the reduction of nitrogen from the system and was not considered for our analyses (Mayer 

et al 2006).  

 The resolution of geospatial data can lead to errors, especially when attempting to 

examine fine scale changes. For example, the MODIS data used for the forest successional 

change has a 250 meter resolution, where the majority of the protected lands are on a 

smaller scale and scattered across the landscape.  
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 Concerning the network analysis of the population data, this method gave an 

estimate of population blocks served by the road network that leads to these recreation 

points. However, it cannot be said that everyone in these population blocks would choose 

to recreate on either The LandTrust’s lands or even the national forest lands. Similarly, 

while the block data is the most refined level of census data when attempting to pinpoint 

potential users, it is still unclear where in the block the residents are located, and in fact, 

the road network may not reach them at all, so the polygons likely overestimate the 

populations for all service areas. Finally, without survey data, we cannot know how likely it 

is that an individual would recreate on either The LandTrust’s land versus the National 

Forests. As these are in different areas in the state with equally wonderful but different 

attractions (topography, camp sites, trail lengths, etc.), it is difficult to draw conclusions 

without further analysis on individual preference. That said, the population served 

provides a spatial layout of where to direct such surveys and analyses.  

 

Improvements on Analysis and Future Directions 

To expand on our geospatial analyses, the addition of vegetation type removal 

capacity would allow for cell-by-cell reductions of pollution as it travels across the 

landscape towards waterbodies. Soil data could also inform riparian buffering, as could the 

inclusion of groundwater modeling or precipitation inputs. These geospatial layers would 

add to the accuracy and robustness of our riparian buffer data, as they adjust the capability 

of riparian buffers to reduce pollution.  

Many other ecosystem services are offered by The LandTrust, beyond those that 

were analyzed here. Biodiversity in the Uwharrie region and on The LandTrust’s protected 

lands could be analyzed, potentially showing the benefits of species conservation through 

land conservation. The loss of hardwood forests, aside from removing long-standing 

carbon storage, also affects biodiversity (Peet and Christensen 1984). Reduction in the 

forest biodiversity in the region will cascade into biodiversity loss of other organisms. It is 

clear that the losses in carbon storage as a result of forest area and forest type conversion 

will have a negative effect on the ecosystem, and so strengthening the argument for forest 

and land protection with a biodiversity assessment could be beneficial moving forward. 
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 Though pollination would be hard to analyze using geospatial data, pollinator 

habitat that The LandTrust protects could be linked to the agricultural areas in the region 

using pollinator flight behavior information to estimate the pollination service that The 

LandTrust offers. Given the presence of agriculture in the region, pollinator protection 

could also resonate with local landowners and farmers who rely on these organisms for 

their livelihoods, and thus strengthen relationships between The LandTrust and local 

stakeholders. These are just two examples of further ecosystem services that could be 

analyzed, as the Millennium Ecosystem Assessment (2005) implies many more that could 

be analyzed. 

Or course, an obvious improvement on our analyses would be ground-level data 

collected from the properties, which was outside the scope of this project. However, future 

projects could be focused on measuring the effectiveness of the riparian buffers via 

upstream and downstream water quality analysis, collecting allometric data on forest 

stands, and surveying LandTrust visitors for recreation use, all for several select 

properties. These data would provide a more direct analysis of the lands, which if sampled 

correctly, could then be used to extrapolate the ecosystem service production effectiveness 

of the protected lands as a whole. Using Table 9, The LandTrust now has a set of specific 

properties that could be used for ground-truthing our findings through direct 

measurement of these lands, or to determine the land cover layouts and combinations that 

are most effective for riparian buffering, all to guide future conservation work. 

 As discussed above for recreation, which has economic revenue implications, a more 

direct user survey could be based on the service area extents found in this analysis. 

Knowing the extent of the potential target audience can guide survey distribution, or even 

without surveys, be used to calculate travel costs and leisure opportunity costs, to better 

understand the recreation benefit of The LandTrust lands.  

 Following a complete ecosystem service analysis beyond the geospatial scope, it 

would be beneficial to attribute a monetary value to the specific ecosystem services. Cost-

benefit analyses of the recreation benefits and non-market valuation of water quality, 

carbon sequestration, and other services might be of benefit to further document the 

importance of The LandTrust’s protection and management work. The addition of a dollar 

value will aid in making the ecosystem services more salient to local landowners and 
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government, especially when the value shows how much water quality (for example) is 

improved because of the riparian buffers in the region, much like the example with upstate 

New York and Greenville, South Carolina that were described earlier (ESA 1997; Mueller 

2011). 

V. Conclusions 

 The Land Trust for Central North Carolina is a land trust whose protected lands 

offer a range of ecosystem services. Here we have tabulated and mapped the three select 

services of water quality, carbon storage, and recreation using geospatial analysis 

techniques. This study expands upon and complements previous work (Vershel 2011) 

while laying a solid basis for future analyses. While there is room for expansion and 

improvement, including the potential for economic valuation, baseline numbers are now 

available for carbon sequestration modeling on The LandTrust’s protected lands. By 

quantifying the riparian buffer on their properties, The LandTrust can determine which 

land cover types and distributions are most effective at nutrient removal, which can guide 

future conservation work and selection of future properties in areas where The LandTrust 

is working specifically on riparian management (Map 1). Ultimately, through this 

geospatial quantification of services, The LandTrust now has a body of knowledge to 

inform future land protection, as well as a document and corresponding data to provide 

land management and conservation stakeholders with information on the work The 

LandTrust is performing. The LandTrust’s hard work now has a numeric validation behind 

it, giving their conservation work added saliency.  
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VIII. Appendix I – Riparian buffer tables 
Table 1A: Fixed distance (300feet from streams) buffer area and effective riparian buffer area in The 
LandTrust properties, identified by PIN, Parcel ID, or county name +parcel number from original 
shapefiles. 

ID 
Total Area 

Fixed Distance 
Buffer Area 

Effective Riparian 
Buff Area 

acre acre acre 

3795723856 43 1 0 

4666145736 10 0 0 

4666149712 8 8 0 

4666159425 3 4 1 

4666162279 5 2 0 

4666163036 7 2 0 

4666251044 0 0 0 

4680144164 33 9 2 

4708142181 96 55 10 

4717693416 128 56 8 

4721792848 26 4 1 

4721896125 3 3 0 

4722705831 51 0 5 

4726079604 275 63 30 

4726273389 128 22 2 

4737261372 137 18 9 

4737281930 26 10 3 

4738106373 9 1 1 

4748614441 52 12 5 

4748826170 233 46 18 

4768418577 159 30 0 

4768810315 152 38 16 

4786306570 103 15 9 

4796251614 45 10 0 

4796370805 37 13 0 

4832758697 28 12 6 

4832773387 27 4 3 

4832866131 41 6 7 

4843167023 35 0 5 

4872759697 12 0 3 

4880789478 178 81 5 

4882051261 17 0 1 

4882060439 181 33 12 

4882137986 49 0 3 

4882167279 62 24 3 

4882238970 53 4 3 

4882269464 157 40 13 

4882313806 104 30 11 

4883267201 51 8 2 

4883342033 441 42 21 

5542776355 35 0 0 

5553359990 70 44 9 

5553564456 190 57 26 

5553564456 40 4 8 
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5579356630 311 44 8 

5579356630 87 0 5 

5763777292 402 60 30 

5763777292 369 73 26 

5786563990 1902 372 112 

5787075160 148 38 10 

5863895360 98 24 5 

6795894767 206 22 15 

7615788171 39 1 1 

7618412864 130 36 12 

7619321627 4 2 0 

7634770677 4 2 0 

7634882637 146 56 0 

7635338170 2 2 1 

7635430492 1 1 0 

7644081819 62 14 0 

7715687681 38 23 0 

558304527952 219 61 14 

558304606609 30 2 0 

559203230742 136 55 15 

569004631500 69 12 2 

569004941179 45 14 2 

647900555721 65 50 0 

647900555721 26 14 0 

652303236804 52 26 9 

652504618099 58 20 3 

654104934004 176 3 1 

655103113248 45 10 3 

655103127665 100 20 9 

656904736016 5 1 0 

656904833094 11 7 0 

657000493589 131 37 10 

657100232220 367 83 31 

657100232220 93 19 6 

657100308584 209 24 13 

657702682466 99 37 3 

657702983712 94 2 0 

657803315572 22 14 2 

658201155103 169 83 26 

658900555047 2 1 0 

658900650455 22 5 0 

658900957548 24 1 0 

658915546726 1 0 0 

658915548415 2 1 0 

658915640271 1 0 0 

659600090170 121 0 0 

660003047110 97 28 12 

661001261613 64 0 0 

662004524144 68 12 1 

665204906854 43 0 4 
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665204906854 35 0 5 

665204906854 24 5 4 

668300607236 177 18 0 

668300607236 7 5 0 

669200792804 126 26 0 

669300869982 390 125 1 

669300930084 292 131 4 

670303306623 115 7 5 

671802893554 31 13 4 

671904700205 5 3 0 

672904626813 27 6 3 

672904636922 30 3 6 

673801179703 31 0 3 

745600089811 152 14 9 

746702556258 11 8 0 

760300159191 150 25 0 

760300178704 163 51 5 

760300596802 156 45 1 

761300680961 243 1 10 

761300878385 233 23 0 

769000011162 171 68 2 

001018 151 52.7 2.2 

030001 23 12.5 0.0 

030010 5 1.1 0.0 

030077 10 3.6 0.0 

031164 2 0.4 0.0 

033094 3 2.0 0.0 

042015 16 11.8 0.0 

043006 33 20.0 0.0 

043018 6 4.2 0.0 

111030 9 2.7 0.0 

118054 23 7.6 1.1 

118160 8 6.7 0.0 

123033 29 27.1 0.0 

239007 80 26.7 14.5 

255025 35 9.1 3.1 

257006 230 49.6 14.9 

271008 273 75.2 19.1 

271009 252 26.7 6.7 

279001 151 26.2 11.3 

279001 44 3.8 0.7 

279012 193 3.1 0.7 

300001 306 52.3 7.8 

300085 39 13.1 1.6 

300089 41 26.9 0.9 

303002 120 75.8 14.5 

303003 59 32.0 13.8 

303005 127 14.9 8.7 

307014 193 64.9 27.4 

307269 12 6.4 0.0 
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311036 89 9.6 6.9 

311103 36 19.1 4.2 

323039 103 17.1 4.2 

326254 33 19.8 1.1 

332092 12 4.7 0.0 

335038 12 1.3 0.0 

335049 32 12.7 0.0 

383101 5 0.0 0.9 

458001 139 30.7 14.2 

460063 331 90.7 33.8 

463030 35 14.5 2.9 

465028 23 0.9 4.2 

468203 9 6.9 0.0 

469043 9 4.0 0.0 

469058 14 8.0 0.2 

478043 52 38.7 3.6 

503019 100 15.3 0.7 

553002 204 44.9 32.2 

566003 41 0.2 9.8 

566003 290 89.0 0.9 

609017 21 10.5 0.0 

610002 20 0.0 0.2 

610002 43 3.3 5.1 

610155 5 0.0 0.7 

617004 82 0.0 4.0 

700001 367 50.5 15.6 

700002 2 0.0 0.2 

700003 138 8.9 2.4 

700007 101 21.3 6.4 

701002 34 0.4 2.7 

701006 175 72.3 4.2 

701007 44 2.9 1.3 

701008 33 4.2 0.0 

702003 78 27.1 8.5 

704033 66 6.0 7.1 

710005 101 9.1 13.1 

717008 127 30.0 14.7 

722001 132 28.5 10.0 

762003 96 1.6 0.2 

764004 96 23.4 1.1 

764038 59 3.6 1.1 

771003 81 7.6 3.3 

807003 686 164.6 62.5 

825050 49 5.1 0.9 

Anson 000 161 34.9 10.0 

Anson 001 49 30.7 9.8 

Anson 002 31 19.1 5.3 

Cabarrus 002 50 12.7 0.2 

Davidson 009 78 24.9 5.1 

Davie 000 397 3.1 0.0 
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Davie 001 5 0.0 0.4 

Davie 002 10 1.6 0.9 

Davie 004 90 40.5 10.0 

Montgomery 000 37 29.6 0.0 

Montgomery 001 67 46.3 8.5 

Montgomery 002 56 39.1 5.1 

Montgomery 003 6 6.2 0.0 

Montgomery 004 28 28.9 0.0 

Montgomery 011 273 48.5 7.6 

Montgomery 020 121 53.2 5.1 

Randolph 003 23 16.0 0.4 

Randolph 015 343 50.5 0.0 

Randolph 017 10 0.0 2.9 

Randolph 018 16 15.3 0.0 

Randolph 019 42 36.9 3.1 

Randolph 020 16 1.1 0.0 

Randolph 021 65 29.6 0.0 

Richmond 000 92 34.7 2.2 

Richmond 007 4 3.6 0.0 

Richmond 009 14 14.2 0.0 

Richmond 010 54 52.7 0.4 

Richmond 011 9 8.7 0.0 

Richmond 012 10 10.0 1.1 

Richmond 013 46 6.0 0.4 

Richmond 014 254 93.4 7.8 

Richmond 015 31 16.9 0.0 

Richmond 016 182 30.9 2.2 

Rowan 004 25 14.5 8.2 

Rowan 008 50 6.2 5.3 

Rowan 085 163 86.7 25.8 

Rowan 086 384 115.4 48.0 

Rowan 087 343 99.0 18.9 

Rowan 088 623 105.0 46.9 

Stanly 000 12 10.5 1.8 

 
Table 1B: Mean buffer distance and adjusted cropland proportion for The LandTrust properties with 
croplands, identified by PIN, Parcel ID, or county name +parcel number from original shapefiles. 

ID 
Total Area 

Cropland 
Area 

Mean Buffer 
Width 

Adjusted Cropland 
Proportion 

acre acre feet % 

3795631585 71 62.7 81 60 

3795723856 43 39.1 55 66 

4666142705 7 0.7 782 11 

4717693416 128 0.7 1889 5 

4721792848 26 0.7 662 14 

4722705831 51 0.2 2921 3 

4726079604 275 113.0 228 52 

4726273389 128 65.4 115 61 

4737261372 137 87.8 189 48 

4737281930 26 7.3 91 57 

4738106373 9 5.1 369 22 
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4748614441 52 10.9 1034 33 

4748826170 233 146.6 394 43 

4748901930 12 12.2 530 36 

4768418577 159 30.0 104 61 

4768810315 152 37.4 66 66 

4786306570 103 25.4 231 55 

4796251614 45 1.3 25 83 

4796370805 37 0.9 49 67 

4832758697 28 6.4 134 64 

4832773387 27 19.1 112 57 

4832866131 41 22.0 522 32 

4843167023 35 4.9 1426 6 

4882051261 17 11.3 1529 8 

4882060439 181 30.7 509 22 

4882137986 49 13.8 1249 12 

4882167279 62 32.5 256 45 

4882238970 53 43.6 147 54 

4882269464 157 63.4 335 41 

4882313806 104 31.4 315 45 

4883267201 51 25.1 81 66 

4883342033 441 248.0 212 59 

5542776355 35 33.4 63 65 

5553359990 70 8.0 306 29 

5553564456 190 71.2 439 28 

5553564456 40 24.2 638 23 

5579356630 311 153.0 118 59 

5579356630 87 11.3 1684 6 

5707353049 22 6.7 189 54 

5763777292 402 208.4 257 48 

5763777292 369 62.3 372 40 

5786563990 1902 305.3 572 38 

5787075160 148 5.6 1812 5 

5863895360 98 36.3 51 68 

6795894767 206 75.2 875 22 

6795894767 22 6.4 392 20 

7618412864 130 65.2 267 47 

558304527952 219 105.4 156 48 

558304606609 30 18.2 60 63 

559203230742 136 37.4 296 40 

569004631500 69 10.7 239 35 

569004941179 45 15.3 495 27 

652303236804 52 6.9 441 19 

652504618099 58 26.9 61 63 

654104934004 176 144.8 78 63 

655103113248 45 26.2 602 47 

655103127665 100 75.2 337 34 

656904736016 5 1.6 45 70 

656904833094 11 2.4 20 87 

657000186547 1 0.7 312 34 

657000493589 131 31.1 323 36 
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657100232220 367 132.5 259 58 

657100232220 93 7.8 334 26 

657100308584 209 162.1 199 57 

657702682466 99 0.9 267 29 

657803315572 22 3.8 271 27 

658201155103 169 49.1 313 44 

658900957548 24 2.0 56 64 

658916846316 2 0.2 49 67 

660003047110 97 13.3 451 21 

661001261613 64 34.9 459 25 

661001261613 2 1.8 49 67 

662004524144 68 43.8 56 65 

662004524144 0 0.2 0 100 

665204906854 43 15.8 1260 9 

665204906854 35 12.7 1691 6 

665204906854 24 5.6 515 16 

670303306623 115 86.1 151 53 

671802893554 31 3.6 496 31 

671904700205 5 0.2 49 67 

672904626813 27 10.7 615 31 

672904636922 30 4.2 1342 7 

673801179703 31 0.4 188 34 

745600089811 152 4.7 1725 6 

746700198294 6 4.2 1178 9 

760300159191 150 0.2 2643 4 

760300596802 156 1.1 760 11 

761300680961 243 6.4 1956 5 

001018 151 2.9 217 45 

042015 41 13.8 893 19 

042015 92 4.9 580 15 

045005 67 9.3 49 67 

111030 9 2.0 8 95 

118160 204 87.8 668 26 

118160 151 46.0 656 42 

118160 44 31.8 36 77 

118160 80 17.3 861 16 

123033 23 12.9 46 70 

255025 35 5.8 124 59 

271009 252 163.9 143 50 

279012 193 112.1 101 61 

300089 193 23.6 516 31 

300089 82 6.2 1097 18 

300089 90 3.6 97 58 

311036 89 71.6 293 53 

311103 36 3.3 64 63 

465028 23 14.0 460 40 

469043 96 78.7 167 56 

469058 273 133.0 160 51 

469058 230 47.6 132 57 

469058 103 37.4 57 67 
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469058 331 34.5 746 21 

469058 139 12.5 613 18 

469058 59 8.7 453 20 

469058 306 0.2 467 17 

503019 686 170.6 583 35 

566003 33 1.8 36 77 

610002 20 18.5 793 11 

610002 43 12.9 547 33 

610003 8 3.1 322 29 

610155 5 2.0 665 13 

700001 367 142.1 560 38 

700002 2 0.9 376 46 

700003 138 36.0 137 60 

700004 1 0.4 70 59 

700007 101 29.1 268 35 

701006 175 14.0 63 67 

702003 78 4.0 681 23 

704033 66 37.1 369 33 

710005 101 16.0 735 22 

717008 127 37.8 1025 9 

722001 132 65.6 398 36 

764004 96 34.2 67 64 

764011 5 4.4 58 63 

764038 59 42.9 58 65 

771003 81 49.6 203 52 

771025 17 16.7 168 51 

825050 49 27.1 43 75 

Anson 000 161 111.2 125 56 

Anson 001 49 7.8 162 61 

Anson 002 31 5.8 118 53 

Cabarrus 002 127 21.6 241 40 

Cabarrus 002 39 8.9 296 33 

Davidson 009 78 21.6 313 42 

Davie 000 397 3.6 349 22 

Davie 001 5 1.3 1949 5 

Montgomery 001 67 2.0 282 50 

Montgomery 002 56 0.9 701 13 

Montgomery 011 273 35.4 104 63 

Randolph 003 120 0.4 307 24 

Randolph 015 343 0.4 781 11 

Randolph 017 10 0.9 1236 7 

Richmond 014 254 0.4 1629 6 

Richmond 016 182 0.2 1655 6 

Rowan 004 25 2.9 309 27 

Rowan 008 50 33.8 198 52 

Rowan 085 163 29.8 187 52 

Rowan 086 384 124.1 300 46 

Rowan 087 343 103.0 67 67 

Rowan 088 623 155.5 291 50 
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IX.  Appendix II – Maps 

 
Map 1: Overview of The Land Trust’s Properties and Focus Areas. 
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Map 2: Forest Area Change in 10 Counties between 2001 and 2006. 
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Map 3: Total Service Area of The Land Trust’s Publicly Accessible Protected Lands. 

 


