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Abstract 
The pervasive problems generated by urban sprawl have 
prompted us to examine methods for delineating the extent 
of suburban land cover in Georgia. This paper assesses the 
advantages and disadvantages of two different methods of 
mapping suburban neighborhoods: traditional unsupervised 
classification of Landsat 5 'I~U data and a newly devised 
procedure for editing and buffering road coverages. We 
conclude that, while the amount of time required to edit and 
buffer road coverages is signijkantly higher than that for 
traditional remote sensing techniques, the improved thematic 
accuracy, spatial contiguity, and potential future uses of the 
resulting dataset justifies its use in a state-wide mapping 
program. 

Introduction 
Recently, Georgia has garnered national attention because its 
urban areas are experiencing some of the highest growth rates 
in the country, New subdivisions are appearing around all of 
Georgia's major cities at an unprecedented pace. Many munic- 
ipalities are ill-equipped to handle problems associated with 
this growth: burgeoning traffic problems, air and water pollu- 
tion, and loss of greenspace for farms and recreation. In this 
context, accurate information on the current extent of urban 
areas is needed for documenting growth, making policy deci- 
sions, and improving land-use planning (Bullard and 
Johnson, 1999; Gross, 2000; Knickerbocker, 2000; Jacobson, 
20011, and is a required parameter for predictive land-use 
modeling. 

As part of the Georgia Gap Analysis Program (GA-GAP) and 
the Georgia Land-Use Trends Analysis Program (GLUT), we 
generated a 1998 land-cover map of the state. In our protocol, 
we paid particular attention to methods for mapping subur- 
ban sprawl and created the first state-wide coverage of subur- 
ban sprawl in Georgia using readily available data: a 1:12,000- 
scale road coverage map, 1993 aerial photos, and Landsat The- 
matic Mapper (TM) data. 

Existing remote sensing methods for mapping urban 
sprawl have focused on either traditional maximum-likeli- 
hood classifiers (Toll, 1985) or a combination of change-detec- 
tion algorithms using multi-temporal imagery to delineate 
new urban areas. In particular, vector analysis (Haack et al., 
1987), image differencing (Jensen and Toll, 1982; Griffiths, 
1988), the Normalized Difference Vegetation Index (NDVI) 
(Howarth and Boasson, 1983; Masek et al., 2000) and Princi- 
ple Components Analysis (Yeh and Li, ZOOl), have all been 
used to evaluate expanding urban boundaries. Geographic 
information system (GIS) based approaches for delineating 
urban sprawl generally rely on visual inspection and digitiza- 
tion of high resolution aerial photos and may include post- 
classification analysis (Gordon, 1980; Jensen and Toll, 1982; 

Wu and Yeh, 1997). Predominantly, the emphasis in these 
studies is on total urban growth, undifferentiated from the 
type of single-family residential sprawl typified by American 
suburbs. 

Our research is distinguished from similar studies in that 
first, it explores methods for estimating the location and 
extent of suburban areas, as distinct from the more easily 
determined commercial/industrial centers or other types of 
urban land cover. Second, our study is not multi-temporal. 
The methodology was not intended for forecasting future 
changes in land cover. Instead, we create a single image of the 
current location and extent of suburban sprawl in our study 
area. Finally, this paper compares a traditional remote sensing 
technique to a new GIS-based method which, to date, has not 
been reported in the literature. We examine the benefits and 
costs, in terms of processing time and map accuracy, of using 
traditional unsupervised classification procedures versus the 
use of ancillary data, in particular road networks, to delineate 
suburban sprawl. 

Study Area 
The study area covers 15,182 hectares (37,486 acres, or approxi- 
mately one UsGs quadrangle) in Columbia County, Georgia (see 
Figure 1). The area is part of the current sprawl associated with 
the city of Augusta, the second largest metropolitan area in the 
state. Augusta hosts approximately 204,000 residents in its 
metropolitan area, and, due to a natural barrier provided by the 
Savannah River, heavy urban development has occurred in 
three directions: to the north, west, and south of the city. The 
study area consists of primarily residential neighborhoods, 
interspersed with commercial and forested land. 

Methods 
Two methods of mapping low-density residential areas in 
Augusta are compared in this paper. Here, we define low-den- 
sity residential (LDR) areas as single-family dwellings, irre- 
spective of their lot size. The first method is a traditional 
remote sensing approach utilizing 1998 Landsat 5 Thematic 
Mapper data, while the second is GIs based and uses a road 
network coverage. We will refer to these as the remote sensing 
(RS) and GIS techniques, respectively. 

For the RS technique, a Landsat TM 30-meter resolution 
image was subset using the 1993 National Land Cover Dataset 
(NLCD; Loveland and Shaw, 1996; Vogelmann et al., 1998). The 
1998 TM image was split into four data sets: (1) pixels that the 
NLCD classified as agriculture and mining areas, (2) urban 
areas, (3) water bodies and wetlands, and (4) the remaining 
areas consisting mostly of forests, pine plantations, and clear- 
cuts and fields succeeding to forest. Separating agricultural 
areas from urban areas is particularly important at this stage 
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Figure 1. Study area shown in gray along with the road net- 
work in Columbia County, Georgia. 

because past studies have demonstrated its effectiveness in 
reducing commission errors in classified imagery (Griffiths, 
1988; Masek et al., 2000). 

In each of the four subsets, roads, railroad tracks, and util- 
ity corridors were removed. This was performed using state- 
wide coverages of each land-cover type mapped at a scale of 
1:12,000 (Georgia Department of Transportation, 1997). Each 
of these coverages was converted to a 30-meter grid and 
removed from the TM data. 

The TM subsets were then subjected to an unsupervised 
classification, resulting in 25 to 50 clusters. The three subsets 
previously classified as "non-urban" in the NLCD data were 
interpreted using 1993 black-and-white digital orthophoto 
quarter-quadrangles (DOQQS) with a l-meter resolution, and 
urbanized areas were identified, separated, and added to the 
general urban mask. The fourth subset classified as urban in 
the NLCD, in conjunction with the urban pixels from interpre- 
tation of the three other unsupervised classifications, was then 
masked out from the TM data and again subjected to an unsu- 
pervised classification and interpretation using the orthopho- 
tos. The four pieces were then added back together, along with 
gridded road, rail, and utility coverages. 

In the second method, we edited vector road data to iden- 
tify likely LDR areas. We first removed larger roads from the 
study area that were obviously not suburban in character. 
Many ofthese, such as interstates and state highways, could 
potentially be removed using the feature attribute from the 
coverage. Unfortunately, the majority of the roads in the cov- 
erage did not have an attribute that was useful for this tech- 
nique. To distinguish these road types, we overlaid the road 
vector on the TM image or DOQQS and selected and removed 
them. New suburban roads not in the road coverage but visible 
in the TM data were digitized and added to the coverage. Our 
experience with aerial photo interpretation indicates that 
suburban streets in Georgia often have a particular character to 
them. They tend to be short and curvy, rather than straight, 
clustered in developments, and often contain a series of cul- 
de-sacs. This characterization of suburban streets may be a 

generalization that is limited to states surveyed by Metes and 
Bounds, and not the Public Land Survey System (PLSS). The 
resulting suburban road coverage was then buffered by 45 
meters on each side, which, when gridded using a 30-meter 
cell-size resolution, became a swath three pixels wide. Later, 
the center pixel was overwritten by the one-pixel-wide road 
coverage, creating a grid of roads embedded in LDR. The buf- 
fered road coverage was then subtracted from the NLCD urban 
area mask, and the remaining urban areas were run through an 
unsupervised classification. The buffered areas were then re- 
joined with the interpreted urban areas, and roads were over- 
laid on top. The methodologies for both the R s  method and the 
GIS method are outlined in Figure 2. The images resulting from 
both methods, presented in Plate 1, were compared and 
assessed according to the amount of time required to produce 
the image and the thematic and spatial accuracy of the image. 

Results 
The assessment method consisted of both a time trial and an 
accuracy assessment of the images resulting from both the R s  
and the GIS techniques. The tests were run on a Dell Precision 
420 Workstation, with 512 Megabytes of RDRAM and an 800 
MHz Pentium 3 Processor. The entire test area was mapped 
using the procedure described in Payne et al. (in prep.), but 
the urban section was mapped twice - once using each method. 
The urban portion of the RS method required 1 hour and 14 
minutes of processing time, which included both creating the 
clusters and interpreting them. The GIS approach required sig- 
nificantly more time, 3 hours 42 minutes to complete. 

To assess thematic accuracy, we created maps composed 
of LDR and non-LDR areas, and roads overlaid for navigating, 
shown in Plates 2a and 2b. Using a stratified random sampling 
scheme, we field checked 62 points in the study area. The loca- 
tion of the sampling points is presented in Figure 3. The error 
matrix for both methods is provided in Tables 1 and 2. 

In the field, 26 of the 62 random points were actually LDR. 
For the RS method, only 11 of the 26 LDR points were mapped 
as LDR, returning a user's accuracy of 42.3 percent for that class 
and 72.6 percent for the binary map overall. Using the GIS 
method, 20 of the 26 points were accurately mapped as LDR, 
returning a user's accuracy of 76.9 percent, and 88.8 percent 
for the binary map overall. 

Discussion 
Our experience has shown that deriving accurate information 
on urban extents can be difficult. In rural areas where there is 
little urban and suburban land, it is possible to achieve ade- 
quate estimates of the extent and location of urban classes 
using standard unsupervised classification techniques. Here, 
urban areas are small enough that confounding problems are 
either inconsequential or easily remedied through manual 
alteration while examining higher resolution photos of the 
same area. However, in more urbanized areas, obtaining an 
accurate image of the location and extent of urban sprawl can 
be problematic. This is largely due to the problem of mixed sig- 
nature pixels, where single 30-meter pixels are composed of 
different land-cover types. Because suburban areas can 
include structures, lawns, trees, and concrete or asphalt, there 
is often confusion between low-density residential areas and 
other classes that contain those components. In unsupervised 
classifications of densely suburban metropolitan regions, 
small problems become magnified: trees on lawns are con- 
fused with several forest classes; grassy areas are common in 
pasture, recreation, and institutional classes; and pavement is 
common to high-density residential and commercial/indus- 
trial areas. 

In this project, the temporal differences between the 
DOQQ'S and the TM image contribute to classification errors. 
The rate of suburban growth in many metropolitan areas in 
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Figure 2. Methodology of the (a) remote sensing (unsupervised classification) approach and (b) the GIs (buff- 
ering) approach. 

Georgia is rapid enough that what is depicted in the two sets three signatures in an unsupervised classification is often 
of imagery and what is on the ground may be different. What problematic, especially when using leaf-off imagery. This 
was an abandoned field in 1993 could be cleared and under- often results in an overestimation of clearcut and agriculture 
going construction in 1998, and appear to be an established pixels in urban areas, or a scattering of urban pixels in agricul- 
subdivision in 2001. In addition, confusion between these tural areas. 
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Plate 1. Results of mapping using (a) the RS technique and (b) the GIS technique. Pink represents low-density 
residential areas. 

Overall, both the extent and location of residential areas 
were more accurate in the map produced using the GIS method. 
The increased accuracy occurred both within residential and 
non-residential areas. Housing in suburban areas was more con- 
sistently represented, and forested areas between older subdivi- 
sions were left intact. This could be due to the fact that older 
subdivisions tend to have larger lots that were not included in 
the suburban buffer, leaving forested areas available for classifi- 
cation in the TM image. In addition, the RS method did not repre- 
sent the subdivisions well, because many roads through 
subdivisions were only partially enclosed by LDR or were cano- 
pied. Also, while the format of an unsupervised classification 
does not provide an operator the opportunity to use location as a 
factor in decision-making, context is inherent in the GIS 
method. Roads in new subdivisions that were added in the GIS 
method did not show up well in the R s  method. Finally, in for- 
ested areas, the RS method alone produced a scattering of inaccu- 
rate LDR pixels, as shown in Plate 2. These stray pixels are 
absent from the results of the GIS method, boosting the accuracy 
for classes confused with LDR areas. 

To assess the problem of pixel scatter in the R s  method, we 
could use a low-pass filter to "eliminate" single scattered pix- 
els of LDR into their surrounding classes (see, for example, Toll 

(1985)). However, Plate 2c demonstrates that this would still 
leave much of the LDR areas unmapped, because they were con- 
fused with other classes (in particular forests, clear-cuts, and 
commercial/industrial areas) in the unsupervised 
classification. 

Not surprisingly, the cost of this improved accuracy was 
processing time. While it is undeniable that the time required 
by the G I ~  method is greater, the time necessary to edit the road 
coverages decreases as processors become more adept at 
manipulating the road database. Also, inexperienced operators 
get better results with less training using the GIS method because 
it requires minimal interpretation skills. 

Still, there are several difficulties with the GIs method. 
First, it requires an accurate coverage of road networks, and 
maintaining an updated road coverage in a state whose residen- 
tial areas are expanding daily can be a difficult task. This is 
illustrated by the fact that many ofthe streets in newer develop- 
ments were not appended to the roads database. Every attempt 
was made to digitize these roads, although occasionally some 
were missed. 

Second, a judgment call must be made for each feature to 
determine if it qualifies as an ~ ~ R r o a d .  Questions arise such as: 
At what point does a road become LDR in the transition from 
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Plate 2. Results of mapping LDR areas (close-up) using the Gls method 
(a, b) and the RS methods (c, d). The blue areas in the binary maps (left) 
illustrate the spatially contiguous nature of the GIS method and the LDR 
pixel scatter problem of the RS method. 

MAP 
User's 

RS Non-LDR LDR Total Accuracy 

Field Non-LDR 34 2 36 94.44 
LDR 15 11 26 42.31 
Total 49 13 62 
Producer's Accuracy 69.39 84.62 72.58 

MAP 
User's 

GIs Non-LDR LDR Total Accuracy 

Field Non-LDR 35 1 36 97.22 
LDR 6 20 26 76.92 
Total 41 21 62 
Producer's Accuracy 85.37 95.28 88.71 

rural to more urban? Should streets lined on only one side with 
houses be included in the coverage of LDR roads if both sides 
will be classed as LDR in the resulting database? Also, the GIs 
method assumes that all LDR areas have a width of only one 
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pixel. While this is often true in more densely populated areas, 
in rural areas, and on the outskirts of cities, single-family 
homes often have large lots. Despite these drawbacks, we 
believe the level of improved accuracy achieved using the GIS 
method make the increased time expenditure worthwhile for a 
database of this nature. 

Conclusion 
Due to the nature, extent, and impact of suburban growth in 
Georgia, we are of the opinion that the time and effort required 
for the GIS method is well spent. We found that the GIS method 
results in a more accurate map and that individual operators 
have more controI over the accuracy than with the RS method. 
Moreover, the resulting suburban map is more consistent and 
spatially contiguous. For these reasons, we decided to use this 
method in a state-wide land-cover mapping project for Georgia 
[Payne eta]., in prep.). A summary of the advantages and disad- 
vantages of both methods is presented in Table 3. Areas for fur- 
ther research in the field of mapping suburban sprawl could 
include comparing the time and accuracy of the GIs method 
with other methods available such as fuzzy classification, and 
the use of neural networks and knowledge-based systems. 
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Figure 3. Location of sampling points (shown as black trian- 
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