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USE OF GIS TO DETERMINE THE EFFECT OF PROPERTY LINE

AND WATER BUFFERS ON LAND AVAILABILITY

J. W. Worley, C. Rupert, L. M. Risse

ABSTRACT. ABSTRACT. Animal feeding operations are experiencing increasing pressure from neighbors, regulators, and
legislative authorities to improve air and water quality. One of the most popular tools used in legislation and regulations
is the placement of buffers between odor emitting sites and property lines and between potential water pollution sources and
water bodies. This study was done to demonstrate how a GIS system can be used to study the effects of placing such buffers
around surface water bodies and setbacks from property lines where confined animal feeding operations and their associated
waste application fields would be banned. Data from three counties in southern Georgia were analyzed to determine how
much land would be made unavailable by the placement of various buffers. �Available land� after restrictions ranged from
63% of total land for 30.5 m (100 ft) buffers and setbacks, to 7% of total land with 152.5 m (500 ft) buffers and setbacks.
�Available land� was based strictly on the size of properties after restrictions were placed and did not include consideration
of whether the property owner was interested in starting an animal feeding operation or selling the land. The possibility of
combining properties to make larger tracts was also not analyzed. Although it did not provide answers to all questions that
need to be asked, the GIS system was demonstrated as a useful tool in obtaining some objective data on the cost to society
of placing protective buffers.
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onfined Animal Feeding Operations (CAFOs) have
become a significant part of animal agriculture
because of their economies of scale and efficient
production of meat and animal products. Concerns

have been expressed by many individuals and public interest
groups over the increased potential for large animal feeding
operations to pollute air and water. Concerns have been
especially aimed at large swine units that use liquid waste
handling systems. These systems most often use waste
treatment lagoons and spray application equipment to apply
partially treated waste on agricultural crops in order to utilize
nutrients for agricultural production and avoid pollution of
surface and ground waters. Concerns include the possibility
that lagoons may be leaking nutrients and biological
contaminants into ground and/or surface waters. In addition,
there have been concerns over odors from lagoons, spray
application fields, and buildings which may adversely affect
neighbors of these operations. 

Legislation has been and continues to be introduced in
several states and at the national level to strengthen
regulations on CAFOs. These regulations use several
strategies, including insuring proper design, installation, and
maintenance  of waste storage and treatment equipment,
monitoring of ground water, nutrient management plans,
buffers to prevent excess nutrients and organic matter from
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entering surface waters, and setbacks to prevent odors from
impacting neighbors. Properly managed buffers between
spray application fields and surface waters are generally
accepted best management practices (BMPs) and help
minimize manure and nutrients from entering surface
waters. Setbacks from property lines also help reduce the
adverse effects of odors on neighbors, although the size of
setbacks necessary to effectively reduce odors is not well
defined.

Determining the magnitude of buffers and setbacks that
would be effective, yet fair, is a challenging task. The need
to protect neighbors from odors and surface waters from
contamination  must be weighed against the costs of large
buffer requirements. Proposed buffers have ranged from 30
m (100 ft) to 1.6 km (1 mi) or more. Some proposed
legislation specifies buffers of one width around lagoons and
buildings and of another width (usually smaller) around
spray application fields. Some setbacks have been proposed
between lagoons and any neighboring residence, with the
farm owner responsible for maintaining that setback
distance. In this case, if a neighbor were to build a house
closer to the property line than existed when the lagoon was
built, the setback would be violated, and the farm owner
would be potentially liable. Probably the most reasonable
setbacks would therefore be between various parts of the
waste handling system and the property line of the farm.

In public debates, it has been speculated that setbacks
above certain distances would effectively eliminate all or
most property in a state, county, or municipality from
consideration as a potential site for a CAFO, but actual data
to back up these claims has been lacking. Most legislators
agree that environmental legislation should not be used to
exclude an industry from their state, but rather to protect the
environment.  Legislators generally don�t want to eliminate
the swine industry from their states, but they don�t really
know the true cost to the industry (in land availability) of
applying different buffers and setbacks. The need is
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therefore evident for a convenient, cost–effective way to
show the impact of various buffers and setbacks on the
availability  of land for siting CAFOs, so that a more accurate
comparison of costs vs. benefits of increasing the size of
these buffers can be made.

A Geographic Information System (GIS), a database of
spatial information, provides an excellent format for
analyzing such problems. GIS has been used in a number of
innovative ways for agricultural and environmental
applications.  For example, Hayes and Zhang (1998) used
GIS integrated with a non–point source pollution model to
evaluate non–point source pollution in an agricultural
watershed. Ascough et al.(1998) integrated a Decision
Support System (DSS) with a GIS to add the spatial
dimension to the DSS in order to make the output
information more useable. Parker et al. (1997) described a
number of applications of a GIS system in Texas, including
the development of a three–dimensional animated display of
local cattle markets, differentiation of irrigated and
non–irrigated crop lands, identification of center–pivot
systems, determination of water levels in playa lakes, and the
design and placement of a constructed wetland for treatment
of sewage plant effluent. Tucker et al. (1996) linked the
GLEAMS (upland flow model) and REMM (riparian model)
using a GIS system in order to incorporate the modeling of
upland flow into a riparian zone. Verma et al. (1997) used a
GIS to determine the suitability of sites throughout a
watershed for placement of large swine operations.

In areas where a GIS system exists with property line and
surface water information, it can be used relatively easily to
show the effects of applying buffers around water bodies and
setbacks from property lines. The objective of this study was
to demonstrate how a GIS system could be used to obtain a
better understanding of the impact of buffers and setbacks on
land availability for operations such as confined animal
feeding operations.

PROCEDURE
Three counties in southern Georgia were chosen for this

study, based primarily on availability of GIS data and the fact
that their geographic locations represent a significant
cross–section of southern Georgia. Because of the
availability  of large amounts of crop land, southern Georgia
is an area with potential for expansion of the swine industry.
The counties chosen were Cook, Ben Hill, and Brooks
(Figure 1). GIS data on water features were taken from US
Geologic Survey quad sheets. This data set included rivers,
streams, lakes, and swamps, but did not include wetlands.
Property line data were taken from the respective counties.
This information was put into the GIS by personnel at the
South Georgia Regional Development Center in Valdosta,
Georgia. The software used to develop and use the GIS was
ArcView (v.3.1) and ArcInfo (v7.2.1).

Some definitions are in order to aid the reader in
understanding the terminology used in this study. Total Area
is defined as the total land area in the county. It includes road
and railroad right–of–ways, as well as surface water bodies.
Total useable area is defined as total area less road and
railroad right–of–ways. It still includes water bodies,
although they are not really useable. Although the term is

3–County
Study Area

Figure 1. Location of the three counties chosen for study.

�useable� area, all of this area is not available for swine
farms. Some of this �useable� land is owned by local, state,
and federal governments, or private businesses such as pulp
and paper companies, and other owners not interested in
selling their land or going into the swine business. Parcel
count is defined as the number of parcels of land (pieces of
property under one ownership.) A parcel may be split by a
road or water feature, and thus may not be a continuous piece
of property. Polygon count is defined as the number of
pieces of property that are not split by a road or water feature.
A polygon thus implies a continuous piece of property, while
a parcel is not necessarily continuous. A buffer is defined as
the distance surrounding a surface water feature that might
be excluded from construction of swine buildings, waste
storage and treatment facilities, and/or waste application
sites. A setback is defined as the distance from a property
line or road right–of–way where swine buildings, waste
storage and treatment facilities, and/or waste application
sites might be excluded.

The goal of the study was to identify the number of
polygons in each county large enough to contain a confined
swine unit before and after various buffers and setbacks were
applied and see how land availability was affected. An
almost infinite amount of data could have been generated
given the possible different combinations of sizes of
farmsteads, application areas, buffers, and setbacks that
could have been chosen to analyze. In order to limit the
analysis to a manageable data set, the following assumptions
were made:

� Farmsteads (buildings and lagoons) and farms (includ-
ing application areas) were analyzed separately since
proposed buffers and setbacks have typically been dif-
ferent for application areas vs. buildings and lagoons.

� A 1000+ animal–unit swine production facility would
require approximately 2 ha (5 acres) for the barns, of-
fices, driveways, and lagoon. Therefore, a 2–ha area
was used in the analysis for a minimum farmstead size.

� A 1000+ animal–unit swine production facility would
require approximately 40.5 ha (100 acres) of crop land
to effectively use the nutrients produced by the swine.
These requirements can vary, of course, depending on
the intensity of cropping systems, the actual number of
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hogs produced, the rations fed, and whether the nutri-
ents are applied based on nitrogen or phosphorus. The
estimate of 40.5 ha was chosen as a reasonable esti-
mate.

� Any number of possible buffers and setbacks could
have been used for the analysis, but buffers of 30.5, 61,
and 152.5 m (100, 200, and 500 ft) were chosen to rep-
resent a range of possibilities. 

The first step in the analysis was to identify base data for
each county. Included were total area, total useable area,
average polygon size, the number of polygons over 2 ha and
over 40.5 ha for each county, and the total area within these
2+ ha and 40.5+ ha tracts.

To determine the effect of buffers around surface water
bodies, buffers of 30.5, 61, and 152.5 m were placed around
all water bodies, and overlaid with a map of property
boundaries. The number of polygons remaining that were
over 2 ha and over 40.5 ha in size were determined, along
with the total area within these polygons. To determine the
effect of property line setbacks, 30.5 m and 152.5 m setbacks
were placed around all property lines and road/railroad
right–of–ways in the county. Again, the number of polygons
remaining that contained at least 2 ha and 40.5 ha were
determined along with the total area within those polygons.

The final portion of the study looked at various
combinations of buffers and setbacks. Polygons containing
at least 2 and 40.5 ha, along with the area included in these
polygons, were determined for all combinations of 30.5 and
152.5 m property lines and 30.5, 61, and 152.5 m surface
water buffers.

RESULTS
Available area in the three counties is shown in Table 1.

Approximately 95% of the land in these three counties is in
tracts of 2 ha or more, and 63% of the land is in tracts of 40.5
ha or more. Of total tracts in the three counties,
approximately  28% are 2 ha or more, and 6% are 40.5 ha or
more. Diversity among counties is illustrated by the fact that
Brooks County is approximately twice as large as Cook or
Ben Hill counties and has parcel sizes approximately twice
as large. Brooks and Cook counties are further south and
have more surface water than Ben Hill County.

In each county, the number of 2+ ha polygons actually
increases as 30.5 and 61 m buffers are placed around water
bodies (Table 2). This is due to the fact that larger pieces of
property are broken up into smaller polygons by the buffers.
As the buffers get larger, however, the number of tracts, as
well as available land, decreases significantly. Less than
50% of land in these three counties would be available for
consideration for swine operations if a 152.5–m buffer
between surface water bodies and buildings or lagoons were
required (2–ha polygons). If a 152.5–m buffer between waste
application fields (40.5–ha polygons) and water bodies were
placed, less than 20% of total land would be available for
consideration.  Available land remaining after placing 61–m
buffers around water bodies in each of the three counties
studied is shown graphically by the area in white in Figures

2a, 3a, and 4a. These figures clearly illustrate the amount of
surface water in these counties.

Table 1. Available land in three south Georgia counties (no buffers or
setbacks).

Cook
County

Ben Hill
County

Brooks
County

All
Counties

Total area (ha)  60,374 65,842 129,561 255,777
   (acres) 149,186 162,699 320,152 632,037
Useable area (ha) 58,466 64,171 126,254 248,891
   (acres) 144,471 158,570 311,980 615,021

Polygon count 9,030 9,843 9,613 28,486
Avg. polygon size
   (ha) 6.47 6.52 13.13 8.74
   (acres) 16.00 16.11 32.45 21.59

Polygon count,
   2+ ha

2,461 2,052 3,417 7,930

Area in 2+ ha polygons
   (ha) 56,841 61,739 123,748 242,329
   (acres) 140,459 152,560 305,786 598,805
% of total area in
    2+ ha polygons

94 94 96 95

Polygon count,
   40.5+ ha

388 418 819 1,625

Area in 40.5+ ha
   polygons
   (ha) 31,102 41,281 89,815 162,198
   (acres) 76,855 102,006 221,937 400,798
% of total land in
   40.5+ ha polygons

52 63 70 63

Table 2. Reduction in available land when buffers around water bodies
are imposed.

Cook
County

Ben Hill
County

Brooks
County

All
Counties

% of
Total
 Area

2+ ha  polygons
Number of tracts remaining
   No water buffer 2,461 2,052 3,417 7,930
   30.5–m  buffer 2,633 2,580 4,170 9,383
   61–m  buffer 2,447 2,415 3,956 8 818
   152.5–m  buffer 1,799 1,807 3,241 6 847
Area remaining(ha)
    No water buffer  56,842  61,739 123,748 242,329 95
    30.5–m  buffer  42,196  52,490 106,488 201,173 79
    61–m  buffer  36,281  46,487  96,678 179,446 70
    152.5–m  buffer  19,813  29,348  68,454 117,615 46
40.5+ ha  polygons
Number of tracts remaining
    No water buffer  388  418  819  1,625
    30.5–m  buffer  232  328  689  1,249
    61–m  buffer  166  281  597  1,044
    152.5–m  buffer  59  167  376  602
Area remaining(ha)
    No water buffer  31,102  41,281  89,815 162,198 63
    30.5–m  buffer  15,377  25,963  64,710 106,050 41
    61–m  buffer  10,991  21,671  55,818  88,480 35
    152.5–m  buffer  3,438  11,672  34,338  49,445 19
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a. 61–m (200–ft) water buffer b. 30.5–m (100–ft) buffers
and setbacks

c. 152.5–m (500–ft)
buffers and setbacks

Ben Hill County

Figure 2. Available land in 42.5–ha+ tracts in Ben Hill County after (a)
61–m water buffer, (b) 30.5–m water buffer and property line

setbacks, and (c) 152.5–m water buffer and property line setbacks are
imposed. (Area in white represents available land.)

b. 30.5–m (100–ft)
buffers and setbacks

a. 61–m (200–ft) water
buffer

c. 152.5–m (500 ft)
buffers and setbacks

Cook County

Figure 3. Available land in 42.5–ha+ tracts in Cook County after (a)
61–m water buffer, (b) 30.5–m water buffer and property line

setbacks, and (c) 152.5–m water buffer and property line setbacks are
applied. (Area in white represents available land.)

b. 30.5–m (100–ft) buffers
    and setbacks

a. 61–m (200–ft) water buffer

c. 152.5–m (500–ft)
buffers and setbacks

Brooks County

Figure 4. Available land in 42.5–ha+ tracts in Brooks County after (a)
61–m water buffer, (b) 30.5–m water buffer and property line

setbacks, and (c) 152.5–m water buffer and property line setbacks are
applied. (Area in white represents available land.)

Small (30.5–m) property line setbacks eliminate more
land than water buffers (Table 3). The number of available
polygons drops significantly even with a 30.5–m setback and
continues to drop so that less than 30% of total land is
available for consideration for swine operations if a 152.5 m
buffer were placed between property lines and buildings or
lagoons. If the spray application fields were included in the
setback requirements (minimum 40.5 ha polygons), about
20% of total land would be available for consideration.

If a 30.5–m buffer and a 30.5–m setback around buildings
and lagoons were put in place, 63% of the land in these
counties would still be available for consideration (Table 4).
Approximately 32% would still be available if the
restrictions included application fields. Available land in
42.5–ha plots is shown in white in Figures 2b, 3b, and 4b. If
both buffers and setbacks were increased to 152.5 m around
the farmstead (buildings and lagoons), the available land
would be reduced to 15%. If restrictions included application
fields (40.5–ha tracts), only 7% of total land would be
eligible for consideration. This available land (40.5–ha
tracts) is shown in white in Figures 2c, 3c, and 4c.

The reduction in land availability when combinations of
buffers and setbacks is imposed are shown graphically in
Figures 5 and 6. The effect of restrictions being placed
around the farmstead (buildings and lagoons) is illustrated in
Figure 5. Of the 242,000 ha of land in these three counties
that is in 2–ha or larger tracts, less than 39,100 ha are eligible
for consideration if 152.5–m buffers and setbacks are placed.
Figure 6 shows the effect when buffers and setbacks are
placed around spray application fields as well as the
farmstead. Of the 162,000 ha of land in 40.5–ha or larger
tracts, less than 28,500 ha are still eligible after placing
152.5–m buffers and setbacks.

Table 3. Reduction in available land when setbacks from property lines
are imposed.

Cook
County

Ben Hill
County

Brooks
County

All
Counties

% of
Total
Area

2+ ha  polygons
Number of tracts

remaining
    No setback 2,461 2,052 3,417 7,930
    30.5–m buffer 1,825 1,547 2,688 6,060
    152.5–m buffer 622 618 1,183 2,423
Area remaining (ha)
    No setback 56,842 61,739 123,748 242,329 95
    30.5–m buffer 41,703 48,745 100,367 190,815 75
    152.5–m buffer 12,263 18,777 43,939 74,979 29

40.5+ ha  polygons
Number of tracts

remaining
    No setback 388 418 819 1,625
    30.5–m buffer 271 320 627 1,218
    152.5–m buffer 64 138 226 428
Area remaining (ha)
    No setback 31,102 41,281 89,815 162,198 63
    30.5–m buffer 21,707 32,203 71,679 125,589 49
    152.5–m buffer 5,813 13,247 31,957 51,017 20
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Table 4. Reduction in available land when both buffers around water bodies and setbacks from property lines are imposed.

% of Total
2+ ha polygons, number of tracts remaining Cook County Ben Hill County Brooks County All Counties Area

No buffers, no setbacks 2,461  2,052  3,417  7,930
30.5 m buffer, 30.5 m setback  2,008  2,014  3,325  7,347
61 m buffer, 30.5 m setback  1,861  1,902  3,135  6,898
152.5 m buffer, 30.5 m setback  1,374  1,434  2,581  5,389
30.5 m buffer, 152.5 m setback  650  827  1,421  2,898
61 m buffer, 152.5 m setback  607  769  1,362  2,738
152.5 m buffer, 152.5 m setback  429  600  1,157  2,186

2+ ha polygons, area remaining (ha)
No buffer, no setback  56,842  61,739 123,747 242,329 95
30.5 m buffer, 30.5 m setback  31,599  41,704  86,616 159,919 63
61 m buffer, 30.5 m setback  27,217  37,107  78,778 143,090 56
152.5 m buffer, 30.5 m setback  14,725  23,490  55,800  94,015 37
30.5 m buffer, 152.5 m setback  8,882  16,121  37,847  62,851 25
61 m buffer, 152.5 m setback  7,656  14,428  34,728  56,812 22
152.5 m buffer, 152.5 m setback  4,175  9,425  25,419  39,020 15

40.5+ ha polygons, number of tracts remaining
No buffer, no setback  388  418  819  1,625
30.5 m buffer, 30.5 m setback  155  265  511  931
61 m buffer, 30.5 m setback  120  231  464  815
152.5 m buffer, 30.5 m setback  41  134  288  463
30.5 m buffer, 152.5 m setback  37  111  201  349
61 m buffer, 152.5 m setback  30  97  189  316
152.5 m buffer, 152.5 m setback  14  51  131  196

40.5+ ha polygons, area remaining (ha)
No buffer, no setback  31,102  41,281  89,815 162,198 63
30.5 m buffer, 30.5 m setback  10,457  20,603  51,244  82,303 32
61 m buffer, 30.5 m setback  7,900  17,410  45,209  70,519 28
152.5 m buffer, 30.5 m setback  2,409  9,287  27,899  39,595 15
30.5 m buffer, 152.5 m setback  2,586  8,067  23,667  34,320 13
61 m buffer, 152.5 m setback  1,993  6,830  21,413  30,236 12
152.5 m buffer, 152.5 m setback  686  3,386  14,403  18,475  7
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Figure 5. Effect of buffers and setbacks on available land in 2+ ha
polygons (total of three counties).
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CONCLUSIONS
A GIS system with data on property lines, surface water

boundaries, and road and railroad right–of–ways was used to
study the effects on total available farm acres of placing
buffers around surface water bodies and setbacks from
property lines and excluding confined animal feeding
operations and their associated waste application areas from
these zones. A dramatic drop in available land for animal
feeding operations was shown for three counties in southern
Georgia as buffers increased from 0 to 152.5 m. Combined
152.5–m buffers and 152.5–m setbacks reduced available
land to 7% of all land when these restrictions are placed
around farmsteads with application fields. This figure is
based on the estimation that a 40.5–ha tract is needed to
contain a farm with application fields.

A number of factors were not accounted for because of the
limited data available in this GIS system. The property line
data give no indication of who owns the various tracts of land
or whether these tracts may be available for purchase by a
party wanting to start a confined animal feeding business.
Some of these tracts are owned by municipalities and by pulp
and paper companies. In addition, the water features
available on this GIS did not include wetlands. The inclusion
of wetlands would have further restricted available land to
some extent. Another factor not available in the GIS used
was the value of the land (some of it may be commercial) or
the suitability of the land for animal feeding operations (soil
types, topography, proximity to heavily populated areas). On
the other hand, the analysis also does not consider the
possibility that someone might be able to purchase more than
one adjoining property in order to lessen the effects of
property line buffers.

Even with these limitations, this study provides objective
data on which to judge the effects of buffers and setbacks on
land availability for animal feeding operations or other
operations that might face these types of restrictions in the
future. Where the necessary data are available in an existing
GIS system, such a system is a cost–effective tool for
providing this information in a timely manner.
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