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ABSTRACT
The Sandhills region, located in central North Carolina, is expected to experience
dramatic population growth in the next 5 years. Population growth triggers urbanization, which
may result in impairment of local water bodies. This study applied GIS analysis and the
Environmental Protection Agency’s Analytical Tools Interface for Landscape Assessments
(ATtILA) to investigate the effects of alternative patterns of future urban development on water
quality in the Sandhills region. GIS tools, along with considerations for population growth and
future planned roads, were used to develop two scenarios for future land use: “Less Sprawl” and
“More Sprawl.” The “Less Sprawl” refers to a case of land cover associated with high housing
density, 9 units per acre, and new developments occurring near existing urban developments and
major roads. The “More Sprawl” scenario is represented by lower housing densities and more
dispersed new developments. Then ATtILA was applied to model relative changes for nitrogen
and phosphorus area loadings in 12-digit hydrologic units between each scenario. Finally, the
site ranking was developed to identify areas of the highest concern. The ranking was based on
the projected level of impact of urban growth on the water quality and the amount of
conservation areas in each hydrologic unit.
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INTRODUCTION:
Urbanization and Water Quality:
Polluted runoff is a main cause of reduced water quality in the 40 percent of water bodies
identified as impaired in North Carolina (Vasavada and Wunsche 4-14). Runoff volumes have
been increasing in recent years. Recently, increased urbanization has led to the development of
383 acres of land a day (Vasavada and Wunsche 4-14). Urbanization leads to an increase in
impervious surfaces and in the next two decades an estimate of 2.4 million acres of open space in
the state might be developed. Studies have shown that paving as little as 5 percent of the land in
a watershed results in deterioration of water quality (Vasavada and Wunsche 4-14).
Developments include lawns, grasses, and golf courses. Some are surrounded by farmlands and
hog operations, all of which are sources of nutrients such as phosphorus and nitrogen. When it
rains, runoffs carry debris and nutrients. Paved lots, roads, and driveways prevent the runoffs to
be filtered through the soil and other natural buffers. As a result polluting particles and high
levels of nutrients are being flushed into surface waters. Excess amounts of phosphorus and
nitrogen may lead to algae blooms, growth of bacteria, and other plant life that deplete waters
from oxygen. Such growth may result in fish kills, disruption of habitat, and increased toxicity
values (Vasavada and Wunsche 4-14). If management practices and policy regulations are not
instituted, North Carolina is at risk of experiencing polluted drinking water supplies and
degraded ecological resources. Its economy may also suffer from increased flooding, reduced
recreational opportunities, and decline in property values (Vasavada and Wunsche 4-14).

Objective:
The purpose of this project was to aid the Sustainable Sandhills by analyzing the effects
of alternative patterns of future urban development on water quality in the Sandhills region. Two
1

future land use scenarios were developed. The first scenario considered the case of “New
Urbanism” with high densities (9 units per acre). The second case represented urban sprawl with
lower housing densities (4.5 units per acre). The Analytical Tools Interface for Landscape
Assessments (ATtILA) and data layers in Geographic Information System (GIS) were used to
calculate nitrogen and phosphorus area loadings for the 12-digit hydrologic units (HUCs) within
the Sandhills region. Then site prioritization based on the HUCs’ vulnerability was developed to
identify areas of the biggest concern. Such ranking will help to focus future environmental
planning and management decisions, for example by setting watershed zoning regulations or
priorities for acquisition of lands with North Carolina Clean Water Fund.

Fort Bragg and Sustainable Sandhills:
Sandhills Region, NC
The Sandhills region is located in
the central North Carolina. It consists of
Fort Bragg military base and eight
surrounding counties: Mongomery,
Moor, Richmond, Lee, Hoke, Scotland,
Harnett and Cumberland (see figure on
the right).
Fort Bragg is the largest Army installation in the world, based on the population numbers.
Recently, the Department of Defense (DoD) has been consolidating and realigning military
forces and installations under its Base Realignment and Closure (BRAC) program. The program
results in closures of many bases across the nation and their forces are being reassigned to other
bases, particularly in the Southeast. It is estimated that under the BRAC’s current plan, Fort
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Bragg will grow by 25,000 soldiers and the total population of the Sandhills Region is expected
to increase by up to 30,000 to 40,000. The projected growth, if unplanned and unmanaged,
would threat the quality of life and health of the ecosystem of the entire region. Recognizing the
situation, Fort Bragg and the North Carolina Department of Natural Resources (NCDENR)
initiated a new partnership called the Sustainable Sandhills with the goal to ensure that the
Sandhills continues to be a thriving, viable and prosperous region that balances environmental,
economic, military and social needs. Later, many more government and private organizations
joined the partnership. Through an EPA grant Sustainable Sandhills was able to develop a formal
regional plan for sustainability. In order to develop an effective plan, it is necessary to identify
valued resources (air, water, and land, human health) and the stressors that threaten them
(pollution, land conversion, etc.). Thus the organization needs the means to estimate the effects
of land use planning decisions on quality of life and environment and the ability to test
alternative scenarios.

MATERIALS AND METHODS
This section will describe gathered materials and steps I took to meet the objectives of the
study. Section I will give a brief introduction to the ATtILA model and describe the specific
ATtILA metric group chosen to run the model. Section II will summarize the materials gathered
to perform the study and their sources. Section III will address the methods I had to take to
organize the materials collected to make them compatible with ATtILA requirements. Section
IV will focus on the most time consuming part of this project – future projections. It will be
broken down into four parts. First, it will discuss the future road network. Then it will summarize
the predicted population growth for each county. The following section will describe assumption
and steps taken to develop “less sprawl” future scenario of urban growth under the condition of
3

“smart growth”. The third part will identify assumptions and steps taken to derive “more sprawl”
future scenario of urban under condition of “urban sprawl.” Finally, section V will demonstrate
methods for running the model to generate results for further analysis.

I. Background on the ATtILA model:
The Analytical Tools Interface For Landscape Assessment (ATtILA) was developed by
the Landscape Ecology Branch from National Exposure Research Laboratory in the U.S.EPA
Region 4. I chose to apply ATtILA in this study because it is an easy ArcView extension that
uses the application of GIS to generate landscape metrics. Landscape metrics measure
environmental vulnerability of an area, which can represent an ecological region, county or a
watershed.
ATtILA is capable of modeling the following metric groups:
-

Landscape characteristics: such as land cover proportions and patch metrics

-

Riparian characteristics: such as land cover around streams

-

Human stressors: such as road density, population changes, and average land area
loadings of nitrogen and phosphorus.

-

Physical Characteristics: such as summaries of elevation and slope.

In order to carry out the analysis for all metrics, ATtILA requires a user to collect a set of
GIS data inputs to run the model. The minimum requirements include the following categories:
reporting units, land cover, elevation and slope, streams, precipitation, water quality, roads, and
population. Even though some flexibility is given in data formats, for the accuracy of the results,
the user has to make sure that all of the inputs are transformed into the same geographic
coordinate system and measuring units (more details on the chosen formats are given in Section
II).
4

My work included preparing all of the data requirements that would enable one to
perform an analysis with any of the four ATtILA’s metric groups. However, I chose to use only
the “Human stressor” group for this research based on the study’s objectives and time limitation.
Since the “Human stressors” group allows measuring levels of Nitrogen and Phosphorus based
on the land use, locations of roads and distribution of streams, I was able to use it to analyze the
impact of land cover change on the water quality in the Sandhills region (“ATtILA Overview”).
The driving inputs of the tool included present land cover, present roads, present population,
future land cover, future roads and future population projections.

II. Materials and their sources:
The first step was to review ATtILA requirements for types of data inputs. Then it was
necessary to communicate with the EPA, Sustainable Sandhills and NC Department of
Environment and Natural Resources to obtain information on points of contacts and database
resources. The following databases were used for geospatial information: NC CGIA, NC
OneMap, Sandhills GIS database, USGS Seamless server, and EPA’s STOrage and RETrieval
(STORET). Additional information was obtained from NC department of transportation as well
as BRAC. Table 1 summarizes data obtained for the project and their sources. Information on the
precipitation, water quality and future population projections were not in GIS formats and had to
be converted into the GIS data types applicable in the ATtILA.

5

Table 1: Data and Sources

Source

Description

GIS DATA
Counties
Land Cover
Elevation
Slope
Streams

Sandhills GIS
NC OneMap Database
Seamless Server
Seamless Server
NC OneMap Database

Roads

Sandhills GIS

Population
Conservation sites
Hydrologic Unit Codes

Sandhills GIS
Sandhills GIS
NC OneMap Database

Counties’ boundaries (shapefile)
NLCD 2001 (raster)
NED 1" (raster)
DEM (raster, degrees)
NHD (major streams, line theme)
Major present, major future 2012 (line
theme)
2000 Population per county (shapefile),
2010 Population per county (shapefile)
(shapefile)
14-digit Huc codes (polygons)

OTHER DATA TYPES
Precipitation

State Climate Office of
North Carolina

Water Quality

STORET

Population Growth

Fort Bragg

Annual average precipitation as Excel
data files
P and H loadings (mg/l) as a comma
delimited text file.
Population growth by 2011 due to the
military reallocation as a PowerPoint slide

III. Methods for developing the inputs for ATtILA:
Data Projections and datum:
The most important step in any GIS-based work is to establish common spatial references
for all data to make sure layers overlay correctly. Thus, before organizing any data and
developing new parameters for ATtILA, it was necessary to identify the spatial reference to be
used in the study. The selected requirements are shown in Table 2.

Table 2: Spatial reference

Projected Coordinate System:
Projection:
Geographic Coordinate System:
Datum:
Linear unit:
Angular unit:

NAD 1983 StatePlane North Carolina FIPS 3200
Lambert Conformal Conic
GCS North American 1983
D North American 1983
Meters
Degree
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Reporting units: 12-digit HUCs
ATtILA summarizes results based on reporting units. A reporting unit is a polygon that
defines any area of interest. Since the focus of this study lies on water quality changes, it was
necessary to choose reporting units that have the most relevance to the water flow and nutrient
loadings it accumulates. It is common to choose a Hydrologic Unit Code (HUC) as such a unit
when performing water-related studies.
USGS, the U.S. Department of Agriculture and Natural Resource Conservation Service
(USDA-NRCS) have developed a hierarchical system of hydrologic unit codes (HUCs) to
organize hydrologic data in the nation. HUCs subdivide watersheds ranging from the largest (8digit HUCs) to the smallest areas (12-digit HUCs) (MassGov). Watershed is an area of land that
drains into a lake, a stream or a river. Land uses and human activities within a watershed reflect
the local water quality through runoff contributions of nutrients, heavy metals, pesticides and
bacteria (“Watersheds Reflections on Water Quality”).
For the purpose of this study, it is useful to choose a unit of a watershed as small as
possible in order to be able to isolate impacted regions more accurately. Since 12-digit HUCs
represent the smallest parts of a watershed they were chosen as the reporting units. The data
obtained from NC OneMap Database contains 14-digit HUCs, which is the old version of the 12digit HUCs developed by USGS. Map 1 shows 12-digit HUCs for three river basins within the
Sandhills region: Cape Fear, Yadkin and Lumber.

7

Map 1: River basins and 12-digit HUCs.

Land cover 2001:
Land use is the core input for the analysis with ATtILA’s “Human stressors” tool because
estimated nutrient loadings differ between each land cover types. Land cover types in turn
depend on the use made of the land. Most important for water quality, the developed areas
represent area with high percentage of impervious surfaces that increase the runoff volumes to
nearby water bodies.

8

Table 3: Keys for the National Land Cover Data 2001

National Land Cover Data (NLCD) for 2001
was obtained from the NC OneMap database. It is
represented as an integer grid with the 30-meter cell
size. Table 3 shows classification system for different
land uses (Homer, Huang, Yang, Wylie and Coan). Map
2 below shows the 2001 land cover data that has been
reclassified into smaller number of classes to display
information more effectively.
NLCD 2001 contains a total of 95 classes.

NLCD 2001
Code
11
21
22
23
24
31
41
42
43
52
71
81
82
90
95

Description
Open water
Developed, other types
Developed, low intensity
Developed, medium intensity
Developed, high intensity
Barren land
Deciduous forest
Evergreen forest
Mixed forest
Shrubs
Grassland
Pasture/Hay
Cultivated Crops
Woody Wetlands
Herbaceous Wetlands

ATtILA was developed to work with the NLCD 1992, which contains only 92 classes of land
types. Thus the 2001 data had to be reclassified into 1992 codes in order to be compatible with
ATtILA. ATtILA allows a user to redefine land cover classes within the model. Figure 1 in
Appendix shows code definitions chosen to reassign the 2001 Land Cover input.
Map 2: Land Use/Cover 2001
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Elevation and slope:
Elevation data was obtained from the National Elevation Database (NED). It is
represented as an integer grid with 30-meter resolution. The ArcView tool “Derive Slope” was
used to calculate slope from the elevation data. The slope values for the Sandhills region were
found in degrees.

Streams:
The streams data was found at the National Hydrography Dataset (NHD). The database
contains layers that represent the major and minor hydrological bodies within US. Because of the
large scale of the region, only the major streams were chosen for the study. Both Map 1 and Map
2 in Appendix 1 display major rivers in the Sandhills region.

Precipitation:
ATtILA requires the precipitation data to be presented in the form of integer grid or point
theme. The precipitation data obtained from State Climate Office of NC. It was given as monthly
time series for the years of 1998-2001. The data needed for the final shapefile included: county,
station ID, latitude, longitude, and mean annual precipitation for the given time period.
In order to extract the necessary information and create a shapefile, I wrote a Python script
that that used “Excel.Application” COM object to access excel files and read the data from cells
based on the row and column numbers. Since the location of values is identical to all files, the
script looped through precipitation files in the folder and extracted the required data. The read
values were recorded into a text file separated by commas. Once the text file was created, the
script read coordinates of stations and created a point feature class.
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Water Quality:
ATtILA’s modeling is focused around two nutrients: Phosphorus and Nitrogen. The
requirement for the water quality data is that it must be a point theme. The water quality data
found from STATSGO database was represented in the text format. It contains records of water
samples collected on monthly bases from 1996 to 2006.
The Microsoft Access and Python were used to organize the information in the following
way:
-

Distinct stations for phosphorus (P) observations were selected, disregarding stations
where observations were not recorded. Similar query was performed for the nitrogen
(N) values. The averages for P and N values for the ten years were calculated for each
station

-

Longitude and Latitude values were extracted for each station.

-

Similarly to the precipitation data, a Python script was written to create a point
feature class that contained information about station ID, county, average N and
average P.

Roads:
The current road network is displayed on Map 3 below. Data originated from the NC
Department of Transportation (NC DOT) and I was able to obtain it from the Sustainable
Sandhills database. The map shows current primary roads in the region. It covers only highways
and major paved roads and does not include city streets and dirt roads.
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Map 3: Primary road network

Population 2000:
Current population numbers for the Sandhills region were obtained from the GIS data for
county boundaries. 2000 values are based on the U.S. Census Bureau’s information and are
expressed in per county units.

IV. Methods for deriving future projections:
The driving parameters in the “Human stressors” metrics include future roads, future
population, and future land cover. The future roads were derived based on the plans obtained from NC
DOT. The population projections were calculated from the information gathered from the U.S. Census
Bureau as well as BRAC’s regional task force. Since no information was provided about locations of
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future housing developments, I took an approach of developing two cases for the future land cover.
One case, called “Less sprawl”, considers condensed urban developments, which is not typical in the
Sandhills region. Another case represents the opposite situation – high sprawl. It was called “More
sprawl” and it is based on a scenario of high urban sprawl. Having the present conditions for roads
and land cover, as well as the future projections, allowed me to run the model three times: on one
present situation and on two future conditions. Getting the results for nutrient area loading for the
present and the future cases allowed me to calculate the relative percentage changes between each
scenario.

Roads 2010:
Similarly to the current road network, the information on the future roads was obtained from
the Sustainable Sandhills database. Map 3 above displays the data in red color. It is based on the plans
provided by NC DOT for future roads to be built by 2010. The future roads were combined with the
current road network using ArcMap tools to generate the future distribution of roads in the Sandhills
region.

Figure 1: Population projections from the BRAC Regional Task Force

Population 2011:
Future population data was
obtained from two sources: the
U.S. Census Bureau and the Fort
Bragg. At first, the census data for
each county for the year of 2010
was recorded in GIS county data
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layer. The census data is based on the past trends of the population growth in the region and thus
does not take into account the growth due to the reallocation of the military. The BRAC
Regional Task Force performed a study to project the future population growth in the off base
housing in the Sandhills region by 2011. Their projections were made solely for the population
growth resulting from reallocation of the military personal. Figure 1 shows the results of their
predictions. These results were added to the census numbers to calculate the total population
growth for each county. The resulting growth is represented in Table 4. As expected, the most
growth will be occurring in the Cumberland county, where Fort Bragg is located.
Table 4: Future population growth for the Sandhills counties

County Name

Census
Population
2000

LEE
HARNETT
MOORE
MONTGOMERY
CUMBERLAND
HOKE
RICHMOND
SCOTLAND

51014
86485
73196
24929
299459
31025
45979
35451

Census
Population
2010
58645
102301
83631
25894
328010
37932
46479
36561

BRAC's
Projected
growth by
2011
799
2912
1409
331
14140
1862
1041
468

Total
Population in
2011
59444
105213
85040
26225
342150
39794
47520
37029

Future Land Cover: “Less Sprawl”
Housing density:
The Environmental Protection Agency performed a study of how different development
densities affect storm water runoff, the volume of which impacts the quality of surface waters
(Richards 1). The analysis showed that higher-density developments generate less runoff and
thus have less impact on the watershed than lower density developments. Based on the study,
EPA communities should increase development densities to minimize regional water quality
impacts
14

(Richards 1). Thus for the “less sprawl” scenario I considered choosing a relatively large housing
density for new developments that would minimize the impact on water quality.
A recent movement called “New Urbanism” focuses on development that creates more
attractive and efficient communities. It promotes new developments such as row houses and
apartments with average housing densities of 6-7 units per acre or higher (TDM Encyclopedia).
Since more and more communities choose to follow the “New Urbanism,” there is a high
likelihood that new housing developments in the Sandhills region will have high densities. Thus,
in the “less sprawl ” case, I chose the housing density to be 9 units per acre to consider the most
possible dense scenario.

Impact areas:
Commuting time is a major decision factor when people shop for houses. Majority of
people would like to minimize their travel time and keep it below 45 minutes (Anari). New
housing developments are likely to occur at places where there is demand for them. Thus houses
can be expected to be built in parcels that are located near existing urban developments or that
have quick access to major highways. In North Carolina the average commuting time to work is
already 24 minutes (US Census Bureau). Hence, I selected potential areas for new developments
in “less sprawl” case to keep the commuting time below 30 minutes. I chose them to be located
within 500 meters of existing urban developments (about 2 minute drive) and within 2000 meters
around primary roads (about five minute drive).

15

GIS Analysis:
1. Creating impact areas around urban centers and roads:
The first step was to extract the pixels around which developments are to occur, i.e.
current developments and roads.
The NLCD assigns a land use category to each pixel based on the classification system
described above and shown on the Map 2 previously. Land categories of 22, 23, 24 refer to low,
high and medium density developments respectively. The class 21 represents “developed, other”
category, which includes developed open spaces such as parks, golf courses, and lawn grasses.
Usually such areas are surrounded by already existing developments. Thus the land use coded as
21 was not considered in selection of pixels for the existent urban developments.
The “Spatial Analyst” tools in ArcMap were used to extract the land uses 22, 23, and 24.
Then a buffer zone of 500 meters was created around extracted pixels. The resulting areas are
shown on Map 4.
Future roads data was used as a base to identify potential pixels for future urban areas as
well. The buffer of 2000 meters was created around the road network. The resulting areas are
presented on Map 4.
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Map 4: Impact zones around existing developments and primary roads (less sprawl)

2. Identifying areas that are not suitable for development:
The impact areas created in the previous step contained areas that are already developed
or are not suitable for development. Thus it was necessary to eliminate such pixels from the
identified zones. First of all, the road network and current developments, including those in the
category 21, needed to be excluded. All of the water and wetlands in Sandhills had to be taken
out as well. Water and wetlands are represented by the NHD major hydrology data set and
NLCD’s land use classes 90, 95, and 11. Finally, there is a range of primary and secondary
conservation areas in the region that are protected from being developed. The “conservation
sites” data layer contains information about their locations in the region. Hence pixels
corresponding to the “conservation sites” dataset also had to be eliminated.
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3. Eliminating areas that are not suitable for developments
ArcMap tools were used to delete pixels that are not suitable for developments. The data was
reclassified in such as way that these pixels were assigned a value of 0 and everything else a
value of 1. Then the resulting rasters were multiplied by the layers of impact areas created in step
1. The next step was to overlay the roads’ buffers with developments’ buffers. I classified the
suitable areas as 1 and all zero values as no-data and then added them. These buffer zones and
the total area suitable for potential developments in the Sandhills region are displayed on Map 5.
Map 5: Areas suitable for developments in Sandhills (less sprawl)
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4. Generate random distribution of new developments for ”less sprawl”.
The Census data for Sandhills for the last ten years shows that, on average, there are 2.5
people per household (R1105. Average Household Size: 2004). In addition, as it was stated
above I made an assumption that the “Less sprawl” growth occurs with the housing density of 9
units per acre. The 2001 land cover data used contains 30-meter pixels. Thus there are about 4.5
pixels per acre. Given the population change from 2000 to 2011, it was possible to calculate the
number of pixels that need to be developed in each county. Table 5 shows the results of
calculations.
An .aml script was written that used the random number generator to select cells within the
suitable areas created in step 3. The script was run for each county. It identified the necessary
number of pixels at random locations throughout a county.
Table 5: Calculating the number of new developments for the “less sprawl” case
County Name
LEE
HARNETT
MOORE
MONTGOMERY
CUMBERLAND
HOKE
RICHMOND
SCOTLAND

Population
Change 2000
to 2011
8430
18728
11844
1296
42691
8769
1541
1578

Number of new
households (2.5 people
per household)
3372
7491
4738
518
17076
3508
616
631

Number of acres
needed (9 units
per acre)
375
832
526
58
1897
390
68
70

Number of
pixels (4.5
pixels per acre)
1686
3745.6
2368.8
259.2
8538.2
1753.8
308.2
315.6

5. Combine new developments with existing for the “less sprawl” case.
Random pixels created in the previous step were assigned the value of 23 (Land cover
class: urban, medium density) and combined with the current land use data. In addition, the
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future roads had to be added to the land cover data for the most accurate projection of land uses.
Thus, new roads were classified as 24 (LC: urban, high density) and added to the current land.
Map 6 shows the example of changes that are predicted to occur in an area in Cumberland
county in the “less sprawl” scenario. The top map displays 2001 conditions and the bottom
shows the future projection.
Map 6: Predicted land use change for 2011, Cumberland example (less sprawl)

Future Land Cover: “More Sprawl”:
Housing density:
The “less sprawl” case represented the most possibly dense scenario that would reduce an
impact on water quality. Another land use case with more urban sprawl needed to be considered to
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evaluate relative changes of loadings in the watershed. To simplify calculations, I chose to reduce the
housing density by half from 9 to 4.5 units per acre for the “more sprawl” case.

Impact areas:
To examine a worse case scenario of the urban sprawl, it I assumed that new
developments would take place further away from the major roads and urban developments. The
distance from roads for the “more sprawl” case was chosen to be twice as big as it was assigned
in the “less sprawl” case. Thus the impact areas were extended up to 4000 meters around roads
and up to 1000 meters around urban developments.
GIS Analysis:
1. Identifying areas for potential developments
The process of developing suitable areas for the “more sprawl” case was exactly the same
as for the “less sprawl” case. First, the impact areas of 4000 meters around the roads and 1000
meters around the current developments (no class 21 included) were calculated. Then pixels that
correspond to land uses not suitable for development were eliminated. Lastly, the two rasters
Map 7: Areas suitable for developments in Sandhills (more sprawl)

were added together
to represent the
overall area for
potential
developments. Map
7 shows the
resulting rasters for
the “more sprawl”
case.
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2. Generate random distribution of new developments:
Since there are 4.5 pixels per acre and the housing density was assumed to be 4.5 units
per acre, the necessary number of households equals the number of cells that need to be selected.
Table 6 shows resulting calculations for the required number of pixels for each county in the
“more sprawl” condition. Similarly to the “less sprawl” case, the .aml script was run for each
county. The script generated new pixels at random locations within identified areas. The pixels
were classified under 23 and added to the current developments. The future roads were added to
the current developments as well. Map 8 shows the result for an area in Cumberland.
Table 6: Calculating the number of new developments for the “More sprawl” case
County Name
LEE
HARNETT
MOORE
MONTGOMERY
CUMBERLAND
HOKE
RICHMOND
SCOTLAND

Population
Change 2000
to 2011
8430
18728
11844
1296
42691
8769
1541
1578

Number of new
households (2.5 people
per household)
3372
7491
4738
518
17076
3508
616
631

Number of acres
needed (4.5 units
per acre)
749
1665
1053
115
3795
779
137
140

Number of pixels
(4.5 pixels per
acre)
3372
7491.2
4737.6
518.4
17076.4
3507.6
616.4
631.2
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Map 8: Predicted land use change for 2011, Cumberland example (more sprawl)

V. Running ATtILA:
ATtILA:” Human Stressors” metrics:
Human impacts from agriculture and developed lands usually result in higher loadings of
nutrients. In addition, human developments lead to an increase in impervious surfaces that result
in higher number of pollutants and sediment runoffs into surface waters. ATtILA allows a user to
calculate the landscape characteristics through its “Human Stressors” tool. The tool models two
nutrients: nitrogen (N) and phosphorus (P). The modeling is driven by data inputs of roads, land
cover and streams. It generates metrics of P and N loadings as well as percentages of impervious
surfaces for each study unit.
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The loadings of Phosphorus and Nitrogen are based on the amount of certain land cover
types. The model has default values for weights assigned to each land use category. These
defaults are based on literature (see Reckhow et al., 1980). They represent mean export
coefficients from literature studies that analyzed similarities between lakes and their trophic
response to nutrient loadings. The manual was developed to aid the predictive modeling in
estimating the impact of projected land use on lake water quality. The values are expressed in kg
per hectare per year and are
represented in the Table 7. ATtILA
is designed in such a way that it
matches up land cover categories
in Table 7 with land use classes for
the NLCD presented in Table 3

Land use
Urban
Pasture
Row Crops
Non-crop agriculture
Agriculture-other
Forest
Shrubland
Natural Grasslands

P (kg/ha/yr)
1.2
0.9
2.3
0.8
0
0.25
0.04
0.06

N (kg/ha/yr)
5.5
5.0
8.5
6.0
0
2.5
0.4
0.3

Table 7: Default inputs in the ATtILA “Human Stressor” tool

earlier.

Running ATtILA for all cases:
1. Run ATtILA for the current scenario
The “Human Stressors” tool was ran with the inputs of the current land use data (NLCD
2001), and the current road network.
2. Run ATtILA for the “less sprawl” future scenario
The “Human Stressors” tool was ran with the inputs of the projected land use data in the
“less sprawl” case and the future road network.
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4. Run ATtILA for the “More sprawl” future scenario
The “Human Stressors” tool was ran with the inputs of the projected land use data in the
“more sprawl” case and the future road network.
5. Calculate percentage change of P and N loadings for each case
ATtILA runs on three different scenarios generated estimated P and N loadings for each
case. The ArcMap tools were used to calculate percentage changes of the loadings from the
current setting to the “less sprawl” projection, from the current setting to the “more sprawl”
projections, as well as from the “less sprawl” to “more sprawl” cases. The results are shown on
Maps 9-11.
Map 9: Relative changes in area loadings for Nitrogen
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Map 10: Relative changes in area loadings for Phosphorus

Map 11: HUCs most sensitive to the urban development in Sandhills
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RESULTS and OBSERVATIONS:
This section will describe the process of analyzing the results generated by ATtILA for
three scenarios. The first section will describe the process of extracting and organizing
vulnerable hydrologic units. Words such as “vulnerable” and “sensitive” will refer to sub
watersheds that are the most likely to be negatively impacted from the urban growth. They will
be ranked from 1 (the most impacted) to 5 (the least impacted). The next section will discuss the
results of the ranking process, their relevance to water body conditions in the region, and suggest
possible policies to prevent the impairment of the water quality.

Ranking vulnerable sites:
Map 9 and Map 10 show changes in the estimated P and N loadings in kg/ha/yr for each
county in the Sandhills region between different scenarios. In order to identify the more
vulnerable areas, the following HUC codes were extracted for further analysis:
1. There is more than 1.5% change in nitrogen from current to “Less sprawl” case.
2. There is more than 1.5% change in nitrogen from current to “More sprawl” case.
3. There is more than 1.5% change in nitrogen from “Less sprawl” to “More sprawl”
4. There is more than 1.5% change in phosphorus from current to “Less sprawl” case.
5. There is more than 1.5% change in phosphorus from current to “More sprawl” case.
6. There is more than 1.5% change in phosphorus from “Less sprawl” to “More sprawl”
Figures 1 and 2 in the Appendix represent distributions of Nitrogen and Phosphorus changes
for the selected HUCs. It is important to notice on Fiture 2 that 26 HUCs showed high
increases in Phosphorus when changing from “less sprawl” to “more sprawl” scenarios. 14
HUCs showed increases in Nitrogen in the “more sprawl” relative to “less sprawl” case.
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In order to analyze the vulnerable areas extracted above, the amount of conservation land
was observed for each HUC in the Sandhills region. Conservation areas represent lands where
the land is being conserved and thus no new developments are allowed to occur on them. The
GIS layer representing conservation sites was overlaid with the HUC codes and the amount of
protected acres was extracted for each hydrologic unit. Then, for each HUC, the extracted
amount for a HUC was divided by the total area of that HUC, giving a ratio of conserved land for
each HUC in the region. The ratios were recorded for the vulnerable HUCs selected above.
The final step in the analysis involved ranking the vulnerable sites based on their
sensitivity to land use changes. All three factors were considered: increased levels of P and N in
the “less sprawl” case, increased loadings between “less sprawl” and “more sprawl”, and the
ratio of the conservation land. HUCs were ranked from 1 to 5 based on the criteria summarized
in Table 8. Rank 1 included sites where there was noticed increased in both nutrients in “Less
sprawl” case and where there is no preserved land. Rank 5 group sites with high percentage of
protected land and where there was increase in just one of the nutrients in the “Less sprawl” case
or increase in both in “More sprawl” case.
Table 8: Criteria for ranking the vulnerability of HUCs

RANK

CRITERIA

1

 There is increase in both P and N in “Less sprawl” and the amount of protected
land is less than 1%.
 There is increase in either P or N between “Less sprawl” and “More sprawl” and
the amount of protected land is less than 10%.

2

 There is increase in either P or N in “Less sprawl” and the amount of protected
land is less than 1%.
 There is increase in both P and N in “Less sprawl” and the amount of protected
land is between 1% and 10%.
 There is increase in either P or N between “Less sprawl” and “More sprawl” and
the amount of protected land is between 10% and 20%.
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3

 There is no increase in loadings in “Less sprawl” but a little increase in “More
sprawl” and the amount of protected land is less than 1%.
 There is increase in either P or N in “Less sprawl” and the amount of protected
land is between 1% and 10%.
 There is increase in both P and N in “Less sprawl” and the amount of protected
land is between 10% and 20%.
 There is increase in either P or N between “Less sprawl” and “More sprawl” and
the amount of protected land is between 20% and 40%.

4

 There is no increase in loadings in “Less sprawl” but a little increase in “More
sprawl” and the amount of protected land is between 1% and 10%.
 There is increase in either P or N in “Less sprawl” and the amount of protected
land is between 10% and 20%.
 There is increase in both P and N in “Less sprawl” and the amount of protected
land is between 20% and 40%.
 There is increase in either P or N between “Less sprawl” and “More sprawl” and
the amount of protected land is between 40% and 50%.

5

 The remaining HUCs (no increase in loadings in “Less sprawl” where the amount
of protected land is greater than 10%; there is increase in either P or N in “Less
sprawl” and the amount of the protected land is greater than 20%; there is
increase in both P and N in “Less sprawl” and the amount of the protected land is
greater than 40%)
Table 9 represents the resulting HUC distribution and their corresponding river basins.

Map 11 above shows location of these HUCs within river basins and counties in the Sandhills
region. 51 of the impacted HUCs are located in the Cape Fear river basin, and 6 of them are
ranked number 1 (the highest possibility of impact). 12 of the impacted HUCs are in the Lumber
river basin, and 5 of them are ranked number 1. Finally, there is only one site identified as
impacted in the Yadkin-Pee Dee basin; it is ranked number 3. In addition, Map 11 shows that the
most impact will occur in the Cumberland county, followed by Harnett, then Hoke counties.
These counties surround Fort Bragg and they will be accommodating the most of the population
growth.
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Table 9: Impacted HUCs in Sandhills, listed from 1 (the most sensitive) to 5 (less sensitive)

1

2

03020201130020 (N)
03030004140010 (CF)
03030004140020 (CF)
03030004150070 (CF)
03030006020020 (CF)
03030006030010 (CF)
03030006030020 (CF)
03040103040010 (Y)
03040203040010 (L)
03040203060010 (L)
03040203060020 (L)
03040203100010 (L)
03040203110010 (L)

03030004040030 (CF)
03030004070010 (CF)
03030004100010 (CF)
03030004130010 (CF)
03030004150051 (CF)
03030005010010 (CF)
03030005010020 (CF)
03030006040020 (CF)
03030006050020 (CF)
03040203120010 (L)
03040204020030 (L)
3030004040020 (CF)

3
03030004050010 (CF)
03030004050020 (CF)
03030004050030 (CF)
03030004050040 (CF)
03030004070020 (CF)
03030004080040 (CF)
03030004110020 (CF)
03030004120020 (CF)
03030004120030 (CF)
03030004150012 (CF)
03030005020030 (CF)
03030006010010 (CF)
03030006020010 (CF)
03030006030030 (CF)
03030006050010 (CF)
03040201010040 (Y)
03040203010040 (L)
03040203010090 (L)

4
03030003060010 (CF)
03030003060080 (CF)
03030004010010 (CF)
03030004030010 (CF)
03030004040010 (CF)
03030004050050 (CF)
03030004080070 (CF)
03030004100040 (CF)
03030004100060 (CF)
03030004150013 (CF)
03030004150041 (CF)
03040204010060 (L)

5
03030004010020 (CF)
03030004010040 (CF)
03030004060010 (CF)
03030004100020 (CF)
03030004110010 (CF)
03030004120010 (CF)
03030004150060 (CF)
03030004150061 (CF)
03040203010070 (L)
03040203010080 (L)
3030004010030 (CF)

*River Basins: (N) – Neuse; (Y) – Yadkin-Pee Dee, (CF) – Cape Fear, (L) – Lumber

Discussion of results:
How would this projected population, growth and new

Table 10: Impairment of NC waters

North Carolina river basins
where urban runoff
developments associated with it in the Sandhills region affect
pollution is the main source
of impairment
water quality in major river basins?
1. Cape Fear
2. Catawba
North Carolina State University Water Resources
3. French
4. Little Tennessee
Research Institute ranked North Carolina river basins based on
5. Lumber
6. Neuse
the current level of impairment from urban pollution (Vasavada
7. New
8. Roanoke
and Wunsche 18). Table 10 represents the results. The
9. Tar Pamlico
10. White Oak
highlighted river basins are located in the Sandhills region.
11. Yadkin-Pee Dee
The majority of HUCs identified as being sensitive to the urban sprawl in this study are
located in the Cape Fear basin, which already is the most polluted river basin in North Carolina
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suffering from urban developments. There are a number of impacted sub watersheds showing in
the Lumber River basin as well, which indicates that the river basin is in danger of moving up
the list towards a higher level of impairment. Even Yadkin River basin, which is the least
impaired basin in the state, contains one HUC that was projected to be vulnerable to urban
growth.
Sub watersheds grouped under rank #1 should be of the highest concern. Less or no
protected land exists within these units while they remain extremely sensitive to new urban
developments even with little sprawl. HUCs ranked #2-5 identify areas that are very likely to be
impacted by urbanization. Policy guidelines need to be considered in order to prevent major
increases in area loadings in these sub watersheds.
With population growth in Sandhills, the runoffs will intensify resulting in more water
pollution if no management practices are to be implemented. Local governments’ planning
guidelines should take into consideration the impact of new developments on the water quality.
New developments should be permitted in sub watersheds identified as sensitive only after
performing careful environmental assessment of the impact on water quality.
The Clean Water Act regulates storm water runoff. In 2003 “Phase II” reduced the
threshold for the acreage of acceptable disturbed land. The new ruling required a NPDES permit
for one acre of disturbed land as apposed to previous number of five acres (Wright). In addition
“Phase II” regulations extend the permit requirements to power plants, mining and
manufacturing operations, wastewater treatment facilities and landfills, all of which are sources
of polluting runoff (Vasavada and Wunsche 24). Currently only Fayetteville area, and counties
of Hoke and Harnett are covered under the Phase II regulations to minimize urban runoff
(Vasavada and Wunsche 26-37). Phase II regulations should be expanded for the rest of the
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counties in the region. Finally, this study can aid a planning committee to pay an especially high
attention to the areas identified as the most vulnerable to urban growth. They may consider
several management practices in developing future land use plans. This study projected the
impairment of 26 HUCs for Phosphorus and 14 HUCs for Nitrogen as the land use scenario was
changed from “less sprawl” to “more sprawl”. Thus it predicted that more water quality
impairment occurs with more sprawl. In addition, conservation sites help to keep land from being
developed. New plans should focus on increasing housing densities, minimizing impervious
surfaces, maximizing natural areas, implementing new control techniques to treat polluted
runoffs, as well as preserving some lands under the North Carolina Clean Water Management
Trust Fund.
Conclusion:
The study presented in this report uses geospatial analysis and land use metrics to
investigate the potential impacts of urban growth on water quality in the Sandhills region. Urban
growth leads to increased amounts of runoffs of Phosphorus and Nitrogen resulting in a rise of
water quality impairment. The ranking of the HUCs by level of impact from urban growth
performed in this study will aid the local governments to focus on hydrologic units where
additional studies are necessary to identify specific sites that need to be protected or where
development might be made subject to specific regulations. In addition, it will aid planners in
setting their priorities in the process of designing future land use plans and watershed
management plans. The review of the ranking criteria can help to determine which actions are
necessary to reduce the level of projected population stress on water quality. For example, HUCs
ranked number one will benefit from the creation of new conservation sites. HUCs ranked 2-4
will need new protected areas as well as high housing densities, when HUCs ranked #5 can be
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protected by establishing a high housing density. If the necessary measurements are taken, the
Sandhills region can meet the projected population growth demands without reducing the quality
of its waters.
How can this study be improved?
It is important to discuss the potential weaknesses of this study to improve its feasibility
in the future. Much of the GIS data used did not include inputs on the fine scale due to the lack
of data, and timely computations for the large area of the region. First of all the streams data used
included only the major streams. Results can be improved if a finer network of rivers and waters
bodies is included in the analysis. Similarly, the roads data used covered only primary roads. In
the future, it would be helpful to include secondary roads as well.
Since the focus of this project was to analyze relative changes between various land use
scenarios, assumptions made for the future housing densities and distances from roads and
developments were valid. However, the results can be greatly improved if more information is
obtained. It would be helpful to consider previous urban growth patterns, different housing
densities depending on the location of parcels (for example higher densities closer to urban
centers, but lower further away and around highways), and perhaps the proximity to the military
base in counties surrounding it (since more people probably would like to live closer to it).
Finally, the model calculated area loadings based on the stream data and land cover
reported strictly within the region. However, usually water quality is impacted by land uses
upstream. In the future, the study region should include surrounding counties outside the
Sandhills region, which impact its major drainages. Such change will especially improve the
validity of estimates reported for HUCs located right on the edge of the Sandhills region.
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Appendix:

Figure 1: Reclassification of NLCD 2001 to NLCD 1992 codes

Figure 2: HUCs vulnerable to land use changes between “Current” and “Less sprawl”

Changes in Phosphorus and Nitrogen from "Current" to "Less sprawl"

Change in P between "Current" and "Less sprawl"

Change in N between "Current" and "Less sprawl"

HUCs
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Figure 3: HUCs vulnerable to land use changes between “Less sprawl” and “More sprawl”
Changes in Phosphorus and Nitrogen from "Less sprawl" to "More sprawl"

P change: "More" to "Less"

N change: "More" to "Less"

HUCs
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