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ApsTRACT: Changing patterns of land usedand cover were studied in nine rural counties (Atkinson, Baker, Emanuel,
Heard, Monroe, Oglethorpe, Rabun, Tattnall, and Walker) in the state of Georgia trom the 19305 through the 1980s.
Historical black-and-white acrial photography was analyzed for six 2,116-ha arcas in cach county during three ime
periods. Photographs were digitized in raster format (1-ha resolution) using eight land-cover categories: urban, agri-
cultural, transitional, pasture, coniferous forest, upland deciduous foresl, lower deciduous forest, and water. Landscape
patterns were quantified by using a spatial analysis program written in FORTRAN. Forest increased in overall abundance,
and coniferous forest increased in all counties. Transitional lands and lower deciduous forests generally decreased.
Agricultural land increased in coastal plain counties but declined in the mountain and piedmont counties. Spatial
pattern analyses (number, and mean and maximum size of patches; fractal dimension of patch perimeters; and indices
of dominance and contagion) demonstrated that the Georgia ]and.-.mpr is less fragmented than it was in the 1930s.
Patches have generally decreased in number and increased in size, although trends in cach cover type varied among
counties. Changing landscape patterns may have important ecological implications. Information regarding past changes
in the rural landscape and the associated effects on ecological processes may be useful in future policy decisions. The
linkage of remote sensing and GIS technologies with landscape ecological research can provide a sound basis for

assessing broad-scale changes in rural landscapes.

INTRODUCTION

HE RURAL LANDSCAPE is a mosaic of natural and human-
Tnmnagvd patches that vary in size, shape, and arrangement
(Burgess and Sharpe, 1981; Forman and Godron, 1986; Urban
et al., 1987). These spatial patterns in the landscape may influ-
ence a variety of ecological phenomena (Turner, 1989) such as
the distribution and persistence of populations (Van Dorp and
Opdam, 1987; Fahig and Paloheimo, 1988), the horizontal flow
of materials such as sediment or nutrients (Peterjohn and Cor-
rell, 1984; Ryszkowski and Kedziora, 1987; Kesner and Meen-
temeyer, 1989), the spread of disturbance (Romme and Knight,
1982; Franklin and Forman, 1987; Turner 1987a, Turner ¢t al.,
1989), and other important processes such as net primary pro-
duction (Sala ef al., 1988). Theretore, the analysis of changing
landscape patterns is an important component of understand-
ing ecological dynamics.

Substantial changes have occured in rural landscapes in many
regions of the country (Hett, 1971; Bowen and Burgess, 1981;
Healy, 1985; Iverson, 1989). The southern United States has
seen dramatic changes in agriculture, forestry, and rural settle-
ment during the past 50 vears (Cowdry, 1983; Healy, 1985).
Farming ceased on millions of hectares of hilly and degraded
farmland, and farm abandonment was followed by natural re-
forestation. There was a massive shift of people out of the rural
south and into southern cities and northern factories (Healy,
1985). Sovbeans replaced cotton as a primary crop, and inten-
sively managed forestry grew into a tremendous industry. These
changes should be reflected in the temporal dynamics of rural
landscape patterns.

Land-use and land-cover patterns integrate both the natural
and human-d{'\'tlnpud environments and, therefore, are a good
focal point for studies of the rural landscape. This paper ex-
amines landscape changes in nine rural counties in Georgia
from the 1930s to the 1980s. Landscape dynamics were studied
by using historical aerial photographs and measures of spatial
pattern. This analysis was part of a broader study of changes
in the landscape and resources of the state of Georgia during a
50-vear time period (see also Hoover, 1986; Turner, 1987b, 1987¢,
1988; Turner and Ruscher, 1988; Turner ¢f al., 1988; Odum, 1989;
Odum and Turner, 1990). My purpose is to demonstrate some
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simple but effective methods to examine the changing rural
landscape. These methods can be easily applied to data in a
geographic information system and to more recent remotely
sensed imagery.

METHODS

STuDY AREA

Georgia encompasses three major physiographic regions, each
of which has undergone substantial changes in land use during
the past two centuries (Nelson, 1957; Brender, 1974; Healy, 1985).
These regions include the mountains (1,470,310 ha), piedmont
(4,606,139 ha), and coastal plain (8,971,206 ha) (Figure 1). The
mountain region ranges in elevation from 183 to 1432 m, with
mean annual temperature ranging from 12.8" to 16.1°C and an-
nual rainfall ranging from 132 to 229 cm. The Georgia piedmont
consists of foothills underlain by acid crystalline and metamor-
phic rock. Elevation ranges from 152 to 457 m. Mean annual
rainfall is 112 to 142 cm, and mean annual temperature ranges
from 15.0° to 17.8°C. The large coastal plain region has gentle
to moderate slopes and sandy soils underlain by marine sands,
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Fic. 1. Map of Georgia showing physiographic regions and sam-
ple counties used in the study.
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loam, and/or clays. Elevation ranges from sea level to 300 m;
mean annual rainfall ranges from 112 to 135 ¢m, and mean
annual temperatures range from 18.9° to 21.1°C. The coastal
plain region may also be divided into an upper coastal plain
with rolling topography and a lower coastal plain which is rel-
atively flat.

Forests once covered the state Georgia, with the exception of
coastal salt marshes and grassy areas in the Okefenokee Swamp
(Nelson, 1957; Plummer, 1975). The potential natural vegetation
of Georgia (Kuchler, 1964) was suggested to an be an oak forest
(Quercus) in the northeastern mountains and an oak-hickory-
pine forest (Quercus-Carya-Pinus) in the northwestern moun-
tains, the piedmont, and the upper coastal plain. Major forest
types in the lower coastal plain are longleaf-slash pine (P. pal-
ustris and P. elliotti) and loblolly-shortleaf pine (P. taeda and P.
cchinata), except where southern floodplain forest (Quercts-Niyssa-
Taxodiunt) would prevail along the bottomlands.

The Georgia landscape has been modified by human activities
for centuries. Native Americans commonly used fire to clear
fields for agriculture, to hunt, and to increase production of
browse, berries, and other wild food plants (Stewart, 1956).
Extensive clcarilm and farming m‘vmnpanied European settle-
ment of the region. Between 1773 and 1823, for example, the
Georgia piedmont was converted from stands of virgin timber
to agriculture (Bond and Spillers, 1935; Brender, 1974), and cot-
ton was the dominant crop by 1793. Nearly all the original top-
soil was lost from 47 percent of the uplands, and gullying was
apparent on 44 percent of the piedmont (Hartman and Wooten,
1935). Large amounts of cropland were abandoned following
invasion of the boll weevil (Anthonomus grandis) in the 1920s.
Most abandoned land reverted through natural succession to
pine (primarily Pinus taeda and P. echinata), and this old-field
pine comprised more than two-thirds of the total forest area in
1930. The rate of cropland abandonment has decreased sub-
stantially since the early part of the century and, although nat-
ural succession stll contributes to the dynamics of Georgia's
forests, the many processes associated with an urban-agricul-
tural society predomiant (Johnson and Sharpe, 1976).

AERIAL PHOTO INTERPRETATION

Historical black-and-white aerial photography was used to
quantify changes in the rural landscape of Georgia. Nine counties
(Atkinson, Baker, Emanuel, Heard, Monroe, Oglethorpe, Rabun,
Tattnall, and Walker) were selected for analysis, including three
in the piedmont and two each in the mountains, upper coastal
plain, and lower coastal plain (Figure 1). These nine counties
were chosen using a random selection modified by the availability
of adequate photo coverage. Aerial photography for all sites
was obtained from the library collections of the University of
Georgia for three time periods: (1) the earliest available photos,
ranging from 1937 to 1942; (2) an intermediate time period, with
photos ranging from 1950 to 1963; and (3) the most recent photos
available, ranging from 1978 to 1983. Nominal scales were 1:20,000
for the first two time periods and 1:40,000 or 1:60,000 for the
last time period. For convenience these three time periods will
hereafter be referred to as the 1930s, 1950s, and 198(s.

Six 230- by 230-mm black-and-white aerial photos at a nominal
scale of 1:20,000, or an equivalent area at other scales and formats,
were used in cad'n county, This provided ground coverage of
4.6 by 4.6 km (2,116 ha) for each photo, or 12,696 ha for each
county. If the nominal scale of a phntugmph was less than
1:40,000, the photo was enlarged to a scale of 1:40,000 before
being digitized. The actual average scale for each photo was

calculated, and the percent error in scale ranged from 0.1 percent
to 4.5 percent. The photographs were arranged in a rectangular
two column by three row pattern and were adjacent, but not
overlapping (Figure 2). This arrangement alleviated double
sampling, but there was a gap in coverage in both the endlap
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Fic. 2. Arrangement of the six aer-
ial photographs interpreted for each
county. Each photo encompasses
an area of 2,116 ha at a nominal
scale of 1:20,000.

and sidelap directions because the photos did not overlap; this
gap never exceeded 900 m. Essentially the same area was analyzed
for each time period, although exact registration between
photographs was not done. Therefore, a pixel-by-pixel
comparison through time cannot be done with these data. The
objective of the study was to analyze broad changes in pattern
rather than temporal changes on a per pixel basis. Each photo
was viewed with adjacent photography under a mirror
stereoscope to produce stereoimages and magnification of the
land cover. The land cover was delineated on transparent sheets
of acetate overlain on each photograph. A transparent grid with
cells representing 1 ha was then placed over the land-use acetate
sheet. The data were manually digitized in raster format by
assigning to each cell an integer representing the land cover
occupying the greatest proportion of the cell. Eight land-use/
land-cover categories were used (Table 1), following the
classification of Anderson ¢f al. (1976). A total of 162 data files
(nine counties, three time periods, six sites) were created.

LanDscAPE PATTERN ANALYSIS

A spatial analysis computer program (SPAN) was developed
in the programming language FORTRAN to quantity landscape
patterns and their changes in an ecologically meaningful manner
(Turner and Ruscher, 1988) and to evaluate the predictions of
a spatial simulation model (Turner, 1987¢, 1988). SPAN is a grid-
cell based analysis program that can be applied to any kind of
categorical data rasterized at an appropriate level of resolution
(note that SPAN is not related to the commercially available
geographic information system, SPANS). The program provides
printed output with some summary statistics and computerized
output in the form of data files that can be statistically analyzed
using SAS (SAS Institute, 1982).

SPAN incorporates a series of measures of spatial pattern (Table
2). The fraction of the landscape area, p, occupied by each cover
type is calculated. The probabilities, (, , represent the probability
of cells of land-use tvpe 1 being adjacent to cells of land use
type j. The q,, values are calculated by dividing the number of
cells of type i that are adjacent to type j by the total number of
cells of type i. The amount of edge between each land use, E,,
is determined by summing the number of interfaces between
adjacent cells of different land uses, then multiplving by the
length of a cell (e.g., 100 m for 1-ha cells). The amount of edge
between all categories is tabulated, and the edge data files can
be statistically analyzed using SAS.

Each patch in the landscape matrix is identified. A patch is
defined as contiguous, adjacent (horizontally or vertically) cells
of the same land cover; diagonal cells are not considered to be
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Tapte 1. Lanp-Cover CATEGORIES USED IN THE AERIAL PHOTO INTERPRETATION.
Key Category Description

1 Urban Cities, housing developments, major transportation routes wider than 100
m, goll courses, cemeteries.

2 Agricultural Land currently under cultivation, orchards, chicken houses, and farm
houses and outbuildings.

3 Transitional Land changing from one category to another, generally the early succes-
sional stages following cropland abandonment; clear cut areasd which have
not been replanted were also included.

4 Improved pasture Distinguished by smooth texture, fencelines, large barns, watering holes,
and cow trails; grazed woodlots were not included.

5 Coniferous forest Pine forest with a canopy cover of at least 50 percent and with an estimated
average tree height of at least 3 m; pine plantations were included.

bt Upper deciduous forest Upland hardwood forest not along stream courses with a canopy cover of
at least 50 percent and with an average tree height of at least 3 m.

7 Lower deciduous forest Bottomland hardwood forest and associated vegetation found along or in
stream courses.,

8 Water Natural or man-made water bodies including rivers, lakes, and farm ponds.

TABLE 2. MEASUREMENTS OF LANDSCAPE PATTERN THAT ARE
CALCULATED IN THE SPATIAL ANALYSIS PROGRAM, SPAN.

Variable Description

m Proportion of the landscape occupied by each category
S, | Size (s) and perimeter (/) of each patch

It Fractal dimension of patch perimeters

I Edges between each pair of land-cover types

q, Probabilities of adjacenc v between land-cover types

H Diversity index

D Dominance index

C Contagion index

contiguous. Each patch in the landscape matrix is located and
its size (s) and perimeter (I} are recorded. The number and mean
size of patches by any cover type can then be calculated for
each matrix using SAS (SAS Institute, 1982). The complexity of
patch perimeters is measured using fractal dimensions
(Mandelbrot, 1983). The tractal dimension is calculated for grid
cell data using an edge to area relationship (Burrough, 1986;
Gardner ¢f al., 1987) in which [/4) is the length scale used in
measuring the perimeter. To calculate an overall fractal dimension
for each or all data categories in a matrix, a linear regression of
log(l/4) against log(s) is done using sAS. The fractal dimension
of the patch perimeters is equal to twice the slope of the regression
line (Burrough, 1986). In this analysis, the fractal dimension can
theoretically range from 1.0 to 2.0, with 1.0 representing the
linear perimeter of a perfect square and 2.0 representing a very
complex perimeter encompassing the same area.

Two landscape indices, adapted from O'Neill ef al. (1988) are
calculated in SPAN and reported here. The first index, D, is a
measure of dominance, calculated as the deviation from the
maximum possible landscape or habitat diversity: i.e.,

D = [Hy + 3 (P)log(POVH, .0 )

where m = number of land-use types observed on the map, P,
is the proportion of the landscape in land use k, and H, .
= log (1), the maximum diversity when all land uses are present
in equal proportions. The terms in the summation in the
numerator are negative, so Equation 1 expresses the deviation
from the maximum. Dividing through by H, . in Equation ]
normalizes the index to range between zero and one and allows
landscapes with differing numbers of cover types to be compared.
Higher values of D indicate a landscape that is dominated by
one or a few land uses, and lower values indicate a landscape

that has many land uses represented in approximately equal
proportions. The index is not usetul in a completely homogeneaus
landscape (i.e., m = 1) because D then equals zero.

The second index, C, measures contagion, or the adjacency
of land-cover types. The index is calculated from an adjacency
matrix, Q, in which g, is the proportion of cells of type 1 that
are adjacent to cells of type J, such that

C = [Kuw + 2 2 @087 )/Kunssr (2)
o |

summation of (7,,) log (7,,) when all possible adjacencies between
land-cover types occur with equal probabilities. The summation
term is negative, and Equation 2 gives the deviation from the
maximum possible contagion. Dividing through by K, again
normalizes the value to range between 0 and 1, allowing
comparisons of landscapes with differing values of m. The index
C will be zero when m = 1 or all possible adjacencies occur
with equal probability. When m=2, values of C approaching 1
will indicate a landscape with a clumped pattern of land-cover
tvpes.

where K = 2w log(m) and is the absolute value of the

LANDSCAPE CHANGES

The proportion of the landscape in each land-cover category
varied through time in each county (Table 3). Urban land in-
creased in seven of the counties, although urban area never
exceeded 1 percent in five of the counties. Walker and Monroe
counties had the most urban land (6.9 percent and 7.6 percent,
respectively, in the 1980s). Land in agriculture ranged from 11.5
percent to 43.6 percent among the study counties during the
1930s. Agricultural land declined in the mountain and piedmont
counties and generally increased in the coastal plain counties
(Figure 3). In Baker County, agriculture encompassed nearly 50
percent of the landscape in 1982 (Table 3). Transitional lands,
primarily abandoned croplands, were a dominant component
of most counties during the 1930s, encompassing more than 60
percent of the landscape in Emanuel and Monroe counties. Ra-
bun and Walker counties had the least transitional land in the
1930s, probably reflecting their lesser suitability for the agricul-
ture that had dominated the rest of the state. In all counties
except Rabun, transitional lands declined during the past 50
years as natural successional processes converted these lands
to forest or humans put the lands to other uses.

Forest area increased in overall abundance during the past 50
years, with coniferous forests increasing in all counties (Table
3). In the 1930s, the percentage of pine forest was less than 20
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LE 3. PERCENTAGE OF LanD IN EacH CoveRr TypPe By CounTy aND YEAR, DaTA ARE FOR THE Six AERIAL PHOTOGRAPHS CONSIDERED
ToGETHER (SAMPLE AREA Is 12,696 HA) in EacH COunTY.

Upper Lower
Coniferous Deciduous Deciduous
nty Year Urban Agricultural Transitional Pasture Forest Forest Forest Water
Mountains
.abun 1941 0.3 17.7 5.7 0.6 12.0 63.5 0.0 0.1
1963 1.2 12.9 4.5 0.6 21.6 59.2 (0.0 0.1
1980) 2.5 13.1 6.0 0.4 26.1 51.9 0.0 0.1
Walker 1938 0.6 36.9 16.3 2.7 17.3 25.9 0.3 0.0
1950 1.6 27.8 18.2 [ 219 28.6 0.5 0.1
1980 6.9 17.3 8.5 4.9 43.8 17.6 0.7 0.1
Piedmont
Heard 1942 0.0 26.6 42.8 0.0 259 1.0 0.0
1958 0.0 8.6 42.3 0.2 2.7 2.4 0.0
1978 0.0 1.0 22.9 0.1 372 2.3 0.2
Monroe 1938 1.5 19.4 660 0.1 5.0 3.4 0.0
1958 2.6 18.2 49.2 0.2 6.3 3.6 0.2
1980 7.6 10.9 21.6 0.4 13.6 2.8 0.2
ﬂ;;lvlhnrpr 1942 0.1 43.6 43.4 0.0 7.6 1.8 34 0.0
1955 1.5 35.5 41.1 0.6 12.9 D2 4.2 (0.0
1980 (e 15.3 28.5 0.7 2.2 1.3 (.8 0.3
Upper Coastal Plain
Baker 1937 1.5 27.6 41.0 0.0 13.5 9.1 4.6 34
1953 1.0 44.1 (1K) 15.6 8.0 4.7 .5
1982 2.1 4.0 0.3 25.1 2.4 5.3 ne
Emanuel 194() 0.3 21.5 6.3 0.0 2.9 14.6 0.4 0.0
1963 0.2 9.5 329 1.0 35.3 21.3 (1.4 0.4
1981 L8 22.9 9.3 0.2 48.7 16.8 (1.8 0.8
Lower Coastal Plain
Atkinson 1938 0.1 11.5 25 0.0 17.6 0.0 38.1 0.2
1952 .1 12.0 20.7 (.4 34.7 (0.0 31.7 0.4
1983 0.1 16.3 10.0 0.0 40.9 (.0 315 12
[attnall 1939 0.0 1.1 42.3 0.1 6.2 0.2 20.0 0.1
1952 0.0 22.9 21.6 0.1 31.9 (1.3 23.1 0.1
1981 (.5 30.3 9.3 0.7 44.0 0.0 14.4 1.8

percent in all counties, and four of the nine counties had less
than 10 percent. By the [980s, the percentages of coniferous
forest (including pine plantations) ranged from 25 percent to
greater than 50 percent. In contrast, changes in upper decidu-
ous forests varied among counties. Upland hardwood forests
increased in Heard and Monroe counties, but decreased in Ra-
bun, Walker, and Baker counties. In the piedmont, many lands
are not replanted following pine harvesting, thereby encour-
aging the development of hardwood stands (Figure 3). The net
loss of hardwood forest in the mountains and coastal plain (Fig-
ure 3) may occur because hardwoods are frequently harvested
and the area then replanted in pines or crops. Lower deciduous
forest (i.e., bottomland hardwoods) were a major landscape
component only in Atkinson and Tattnall counties, and both
counties showed a decline in these riparian forests.

The spatial patterns of land-cover types have also varied
through time, as indicated by changes in the number and sizes
of patches (Table 4). The number of separate patches of agri-
culture generally declined during the past 50 years. The mean
size of agricullu ral patches increased in Baker, Emanuel, Atkin-
son, and Tattnall counties, with Baker county having the largest
mean patch size (120.7 ha) (Table 4). The maximum size of an
agricultural patch also increased in Baker, Atkinson, and Tatt-
nall counties. In the other six counties, the mean and maximum
agricultural patch size declined or showed little change (Table
4).

The number of patches of coniferous forest varied differently
among the counties, but the general trend was a decline (Table
4). The mean patch size of coniferous forests increased in all
counties. In the 1930s, the mean patch size of coniferous forest
ranged from 2.4 to 6.0 ha; by the 1980s, pine forest patches
ranged from 6.5 to 53.8 ha. The maximum size of pine forest
patches also increased, from 281 ha in the 1930s (Walker County)
to 1,361 ha in the 1980s (Tattnall County). Rabun County had
the most fragmented coniferous forests in the 1980s, with a total
of 510 patches and the lowest mean patch size. The trends in
upper deciduous forests differed from trends in coniferous for-
ests. In most counties, the number of upper deciduous forest
patches decreased as mean patch size increased, and maximum
patch size changed differently among the counties. However,
in Rabun and Walker counties, the number of patches of upland
hardwoods increased, and the mean and maximum patch size
declined.

The complexity of patch shapes, as measured by fractal di-
mensions, showed an overall decline in the Georgia landscape
(Turner and Ruscher, 19858). The piedmont counties exhibited
the greatest changes, and the land-cover types in the piedmont
responded differently (Figure 4). The fractal dimension of con-
iferous forests in the piedmont decreased from 1.36 to 1.24, and
transitional land, which originally showed the greatest com-
plexity, declined tfrom 1.51 to 1.36 (Figure 4). The decline in the
fractal dimension indicates that the patches have become more
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FiG. 3. Proportion of the landscape occupied by different cover types in the four physiographic regions of Georgia. Data
are based on aerial photo interpretation for sample counties in each region (see Methods).

geometric in shape. In contrast, the fractal dimension of upper
deciduous forest increased from 1.39 to 1.41 (Figure 4), indi-
cating increased complexity in the shapes of patch perimeters.

Values of the dominance and contagion indices are presented
for each county in Table 5. The dominance index ranged be-
tween .28 and (.52, and differences were significant through
time and among counties (Turner and Ruscher, 1988). The value
of the index declined in Rabun, Walker, Heard, Monroe, Og-
letharpe, and Emanuel counties, indicating a transition toward
a more equitable distribution of cover types. Dominance in-
creased in Baker County, which became dominated by agricul-
ture (49.4 percent) by l’hL‘ 1980s. Atkinson and Tattnall counties
showed little change. The lowest dominance value was ob-
tained for Walker County, indicating a more even distribution
among cover types than the other counties.

The contagion index differed significantly by county but not
by time period (Turner and Ruscher, 1988). Values of the con-
tagion index ranged between 0.77 and 0.87, a more narrow
range than the dominance index. Walker and Oglethorpe coun-
ties had the lowest value for contagion, indicating a slightly
more dissected distribution of cover types than the other coun-
ties. The highest value of contagion was found in Atkinson
County, indicating a more clumped distribution of cover types.

DISCUSSION

This study has documented spatial and temporal changes in
the rural I.mdwape of Georgia during the past 50 years. The
extensive changes in land cover in Georgia involved not only
the proportion of land that is farm, forest, and so on, but also
the spatial patterns. During the 1930s, the landscape was dom-
inated by a few cover types, primarily transitional lands, agri-
culture, and upland hardwood forest. However, the landscape
was also very fragmented, having many small patches of dif-
ferent land uses. This fragmentation declined during the past
50 years. For example, the number of forest patches decreased,

but the total amount of forest increased in all regions. Thus,
the individual tracts of forest land increased in average size,
and forests are now more connected. The size of crop fields
changed in different ways among the nine counties. In the pied-
mont, where cropland has been declining, the average size of
crop fields staved the same. However, in the upper coastal plain,
where most of today’s agriculture is located, the average size
of crop fields increased.

Changes in many ecologically important processes accom-
panied the land-use changes that occurred in Georgia. Net pri-
mary production in the Georgia landscape was extremely low
through the 1960s but has increased substatially with natural
reforestation, the removal of marginal lands from agriculture,
and the adoption of improved agricultural and forestry practices
(Turner, 1987b). Indeed, southern forests are now accumulating
carbon and serving as a “sink” for carbon dioxide; secondary
forests in the southeast now store 75 percent of the total carbon
within the terrestrial biota (Delcourt and Harris, 1980; Schiffman
and Johnson, 1989). Wildlife populations also varied with land
cover. For example, several bird species that occupy old-field
habitat (i.e., transitional lands) have declined in number during
the past 20 years and these declines parallel the decrease in
abandoned cropland (H. R. Pulliam, unpublished data). Water
quality and quantity have also changed through time. Water
use in Georgia increased rapidly from 1950 to 1970 and has
generally leveled off since then (Odum and Turner, 1990). Non-
point-source pollution, as indicated by nitrates and nitrites, has
increased (Odum and Turner, 1990), a trend that is nationwide
(Smith ef al., 1987).

Landscape patterns, such as those described here for Georgia,
and their implications for ecological processes are primary re-
search foci in landscape ecology (Risser et al., 1984; Forman and
Godron, 1986; Turner, 1989). With its emphasis on large areas,
landscape ecology integrates natural and human features in the
environment (Naveh and Lieberman, 1984). Specifically, land-
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TaBLE 4. ToTtaL NUMBER OF PATCHES, MEAN PATCH SIZE, AND Maximum PATCH Size oF AGRICULTURAL LanD, ConiFEROUS FOREST, AND UPLAND
Decibuous FOREST IN A 12,696 HA ARea INn EacH Stuoy CounTy AND EACH TIME PERIOD. STANDARD DEVIATION OF THE MEAN IS SHOWN IN

PARENTHESES.
Land _1930s B 195005 19805
cover it Mean (s.d.) Max " Mean (s.d.) Max n Mean (s.d.) Max
MOUNTAINS
Rabun County
Agricultural 98 22.9 (88.2) 599 51 0.3 (70.2) 485 84 19.7 (64.10) 463
Coniferous 574 2.6 (3.8) 35 685 +.0 (7.8) 92 510 6.5 (15.7) 193
Deciduous 150 53.8 (236.3) 1745 172 3.7 {202.1) 1502 23] 28.5 (143.0) 1462
Walker County
Agricultural 274 17.1 (69.0) 34949 318 11.1 (43.6) 160 169 13.0 (32.9) 329
Coniferous 400 55 (16.2) 281 437 6.4 (25.7) 440 263 21.1 (75.7) 702
Deciduous 299 11.0 (36.0) 355 284 12.8 (45.2) 573 410 5.4 (11.9) |34
PIEDMONT
Heard County
Agricultural 345 9.8 (23.2) 234 150 7.3 (20.1) 204 151 8.4 127 a4
Coniferous 189 2.4 2.1) 12 401 4.3 (8.0) 6 312 11.1 (30.3) 341
Deciduous 316 10.4 (4.3) 537 302 13.7 (44.7) 582 228 20.7 (63.4) 632
Monroe County
Agricultural 374 6.6 (15.1} 189 226 1.1 (36.6) 485 141 9.8 (22.4) 196
Coniferous 212 2.8 (5.4 64 74 6.7 (19.1) 224 192 28.3 (88.4) 1037
Deciduous 285 22 (2.4) 21 252 31 (4.4) 39 244 7.1 (17.4) 156
Oglethorpe County
Agricultural 227 24.4 (95.2) 1093 242 18.6 (64.5) 367 155 12.5 (32.3) 273
Coniferous 376 2.6 (3.8) 40 428 3.8 (6.1) rd 180 36.8 (133.2) 1050
Deciduous 107 22 (2.8) 25 218 3.0 {4.2) 32 aill 2.8 (3.6) 20
UPPER COASTAL PLAIN
Baker County
Agricultural 118 29.7 (57.7) 340 131 24.4 (749.3) 822 52 120.7 (330.5) 146t
Coniferous 307 5.6 (11.2) 93 332 .0 (12.9) 106 167 19.0 (57.5) 622
Deciduous 101 1.4 (23.7) 177 106 9.5 (19.6) 135 37 8.1 5.5) 87
Emanuel County
Agricultural 163 6.7 (38.0) 349 125 9.6 (14.8) 88 149 19.5 (17.2) 45
Coniferous 154 2.4 (3.7) 36 300 14.9 (46.2) 561 115 53.8 (161.0) 1115
Deciduous 553 3.3 (3.7) 2t 474 5.7 {16.1) 208 269 7.8 (18.4) 164
LOWER COASTAL PLAIN
Atkinson County
Agricultural 112 3.0 (19.0) 99 135 11.3 (15.0) 89 100 20.7 (32.6) 178
Coniferous 370 .0 (13.4) 212 234 18.8 (79.1) N84 116 44.8 (113.8) H94
Deciduous ( (.41 (0.0 0 2 1.0 (0.0 1 1] 0.0 (0.0} 0
Tattnall County
Agricultural 141 19.0 (33.4) 257 120 242 (60.9) Ghl7 147 26.1 (101.9 1187
Coniferous 352 5.9 (14.8) 180 279 14.5 (99.8) 1420 249 22.4 (110.7) 1361
Deciduous 5 5.8 (4.3) 12 9 4.2 (4.6) 14 i .0 (0.0 1]
scape ecology considers (1) the development and dynamics of
spatial heterogeneity, (2) interactions and exchanges across het- 1.6 -
erogeneous landscapes, (3) the influences of spatial heteroge- Piedmont
neity on biotic and abiotic processes, and (4) the management
of spatial heterogeneity. Considerable progress has been made 15
in analyzing and interpreting changes in landscape structure s
(e.g., Romme and Knight, 1982; Krummel ¢t al., 1987; Milne, §
1988; O'Neill ¢t al., 1988; Turner and Gardner, in press.) The g
linkage of pattern and process and the development of predic- =)
tive models are active areas of current research. Landscape data = B Agricultural
from remote imagery can also be used to test or run simulation £ 139 -+ Transitional
models. For example, some of the historical data described here - Coniterous
have been used to compare simulated and actual patterns in .5 - Deciduous
‘ T M T T I N T T ’ L]

the rural landscape (Turner, 1987c, 1988). The use of remotely
sensed imagery and geographic information systems will play
an increasingly important role in landscape ecological research.

The rural landscape will certainly continue to change. In the
southern United States, there is a very broad range of potential
levels of demand on the land (Healy, 1985). Future demands
for cropland, wood production, and urban areas will depend
upon a complicated set of factors, many of which are interna-

Time

1930 1940 1950 1960 1970 1980

Fig. 4. Fractal dimensions (d) of patch perimeters of
major land uses in the Georgia piedmont. A simple,

linear perimeter has d

1, whereas a convoluted pe-

rimeter surrounding the same area has d approaching

2.
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TaBLE 5. LANDSCAPE INDICES FOR STUDY COUNTIES IN GEORGIA

Landscape Dominance

Landscape Contagion

County 1930s 195005 1980s 1930s 19505 1980s
Mountains
Rabun 0.51 0.48 0.43 0.83 0,84 .82
Walker .31 .29 0.28 (.80 .79 0.77
Piedmaont
Heard .42 (1.39 .36 .86 (1,83 (.85
Monroe 0.45 .39 .36 (.66 .82 .81
Oglethorpe 0.47 .38 0.45 .54 .79 0.79
Upper Coastal Plain
Baker 0.33 (.36 0.42 .82 .82 (.82
Emanuel 0.52 .38 .39 .87 .83 (.83
Lower Coastal Plain
Atkinson .40 0.40 (.40 (.86 ().86 1186
Tattnall 0.40 (.40 0.42 (.85 (.84 .81

tional in scope and difficult to predict. Understanding past
changes in the rural landscape and their relationship to ecolog-
ical processes provides information that may be useful in future
policy decisions. For example, only 8 percent of the Georgia
landscape is in public ownership, that is, in national, state, and
municipal forests or parks, wildlife refuges, or wilderness areas.
However, less than 2 percent of the piedmont region is pre-
served, even though the analyses described here demonstrate
a substantial increase in forest cover. Because large areas of the
Georgia landscape are not yet under strong economic pressure
for urban-industrial or agricultural development, Odum and
Turner (1990) suggested a statewide goal of placing 20 percent
of the landscape under some form of protection. Odum and
Turner (1990) also recommended a statewide effort directed
toward the protection of river corridors and freshwater wet-
lands.

Continued development of methods to analyze and predict
change is crucial to improving our understanding of rural land-
scape dynamics. The quantitative measures presented here can
be easily appplied to any raster data and can be repeated through
time. The linkage of remote sensing and GIs technologies with
landscape ecological research, which integrates the spatial pat-
terns of land cover and ecological processes, can provide a sound
basis for assessing broad-scale changes in the rural landscape
and developing strategies for land management.

ACKNOWLEDGMENTS

I am grateful to C. Lvnn Ruscher for digitizing the aerial
photographs and to Drs. Frank B. Golley and Eugene P. Odum
for many discussions that helped stimulate this work. Com-
ments on the manuscript from R. L. Grahm, R. V. O'Neill, and
two anonymous reviewers were appreciated. This research was
funded by a grant from the Kellogg Foundation to the Univer-
sity of Georgia, as part of a comprehensive study of Georgia
conducted by seven task forces. Preparation of this manuscript
was supported by the Ecological Research Division, Office of
Health and Environmental Research, U.S. Department of En-
ergy, under Contract No. DE-AC05-840R21400 with Martin
Marietta Energy Systems, Inc. Publication no. 3449 of the En-
vironmental Sciences Division, Oak Ridge National Laboratory.

REFERENCES

Bond, W. E., and A. R. Spillers, 1935, Use of Land for Forests in the Lower
Picdmont Region of Georgia, South Forest Experiment Station Occa-
stonal p:lpl.‘l' 33.

Bowen, G. W_, and R. L. Burgess, 1981. A Quantitative Analysis of Forest
Island Pattern i Selected Olio Landscapes. Rep. No. ORNIL/TM-7759.
Oak Ridge National Laboratory, Oak Ridge, Tenn.

Brender, E. V., 1974, Impact of past land use on the lower piedmont
torest, |. Forestry, Vol. 72, pp. 34-36.

Burgess, R. L., and D, M. Sharpe (eds.), 1981, Forest Island Dynamics in
Man-Dominated Landscapes, Springer-Verlag, New York.

Burrough, P. AL, 1986. Principles of Geographic Information Systems for
Land Resotrces Assessiment, Clarendon Press, Oxford.

Cowdrey, A. E., 1983, This Land, This South. An Environmental History,
Univ. Press of Kentucky, Lexington.

Delcourt, H. R., and W, F. Harris, 1980. Carbon budget of the south-
eastern US biota: Analysis of historical change in trend from source
to sink. Science, Vol. 210, pp. 321-323.

Fahrig, L., and J. Paloheimo, 1988. Effect of spatial arrangement of
habitat patches on local population size. Ecology, Vol. 69, pp. 468-
475.

Forman, R. T. T., and M. Godron, 1986. Landscape Ecology, John Wiley
& Sons, New York.

Franklin, |. F., and R. T. T. Forman, 1987. Creating landscape patterns
by forest cutting: Ecological consequences and principles, Landscape
Fcol., Vol. 1, pp. 5-18.

Gardner, R. H., B. T. Milne, M, G. Turner, and R. V. O'Neill, 1987,
Neutral models for the analysis of broad-scale landscape pattern.
Landscape Ecol., Vol. 1, pp. 19-28.

Hartman, W. A., and H. H. Wooten, 1935, Georgia land use problems.
Georgia Experiment Station Bull. 191,

Healy, R. G., 1985. Competition for Land i the American South. Conser-
vation Foundation, Washington, D.C.

Hett, |., 1971, Land wse changes in cast Teanessee and a sindation: model
which describes these changes for 3 countivs. Rep No. ORNL-1BP-71-8,
Oak Ridge National Laboratory, Oak Ridge, Tenn.

Hoover, S, R., 1986, Comparative Structure of Landscapes Across Physio-
graphic Regions of Georgm, Masters thesis, Univ. Georgia, Athens.

Iverson, L. R., 1989. Land-use changes in llinois, USA: The influence
of landscape attributes on current and historic land use. Landscape
Ecol.,, Vol. 2, pp. 45-62.

Johnson, W. C., and D. M. Shrap, 1976. An analysis of forest dynamics
in the northern Georgia piecdmont, For. Sci., vol. 22, pp. 307-322.

Kesner, B. T., and V. Meentemeyer, 1989, A regional analysis of total
nitrogen in an agricultural landscape. Landscape Ecol., Vol. 2, pp.
151-164.

Krummel, . R., R. H. Gardner, G. Sugihara, and R. V. O'Neill, 1987,
Landscape patterns in a disturbed environment. Orkos, Vol. 48, pp.
321-324.

Kuchler, A. W., 1964, Potential Natural Vegetation of the Contermutons
Linited States. Assoc. Amer. Geogr. Spec, Pub. 3o.

Mandelbrot, B. B., 1983, The Fractal Geametry of Nature, W, H. Freeman
and Co., San Francisco, California.

Milne, B. T., 1984, Measuring the fractal dimension ot landscapes. Appl.
Math. compu., Vol. 27, pp. 67-79.

Naveh, Z., and A. S, Licberman, 1984, Landscape Ecology, Theory amd
Application, Springer-Verlag, New York,




386 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1990

Nelson, T. C., 1957. The original forests of the Georgia piedmont. Ecol-
oy, Vol 38, pp. 390-3%.

Odum, E. ., 1989, [nput management of production systems Science,
Vol. 243, pp. 177-182.

Odum, E. ., and M. G. Turner (1990). The Georgia landscape: a chang-
ing resource. Changing Landscapes: An Ecological Perspective, (10 S
Zonneveld and R. T, T. Forman, eds), Springer-Verlag, New York.
pp- 137-164.

O'Neill, RLVL, 1L R Krummel, R, H. Gardner, G. Sugihara, B. Jackson,
D. L. DeAngelis, B. T. Milne, M. G. Turner, B. Zvgmunt, 5. Chris-
tensen, Vo H. Dale, and R. L. Graham, 1988. Indices of landscape
pattern. Landscape Ecol., Vol 1, pp. 1533-162.

Peterjohn, W. T., and D. L. Correll, 1984, Nutrient dynamics in an
agricultural watershed: Observations on thhe role of a riparian for-
est. Feology, Vol 63, pp. 1466-1475.

Plummer, G. L., 1975, 18th century forests in Georgia. Bull. Georgin.
Acad. Sei. 33:1-19.

Risser, I, G., . R. Karr, and R. T. T. Forman, 1984. Landscape Ecology:
Dirvctions and Approaches, Special Publication No. 2, llinois Natural
History Survey, Champaign.

Romme, W. H., and D. H. Knight, 1982, Landscape diversity: The con-
cept applied to Yellowstone Park, BioScience, Vol. 32, pp. 664-670.

Rvszkowski, L., and A. Kedziora, 1987, Impact of agricultural landscape
structure on energy flow and water cycling. Landscape Ecol., Vol. 1
pp. 85-494.

SAS Institute,
('.11'nﬁnd_

Sala, E., W. ]. Parton, ! Joyee, and W. K. Lauenroth, 1988.
Irmml\ production of lhu u:nlml grassland region of the United
States Ecology, Vol. 69, pp. 4045,

Schiffman, . M., and W. C. Johnson, 1989. Phytomass and detrital
carbon storage during forest regrowth in the southeastern United
State Piedmont. Can. . For. Res., Vol. 19, pp. 69-78.

1982. SAS User’s Guide. SAS Institute Inc., Cary, North

Smith, R. A., R. B. Alexander, and M. G. Wolman, 1987. Water quality
trends in the nation’s rivers. Science, Vol. 235, pp. 1607-1615.
Stewart, O. C., 1956. Fires as the first great source emploved by man,
Man's Role in Changing the Face of the Earth, (W. L. Thomas, ed.),
Univ. Chicago Press, Chicago, pp. 115-184.

Turner, M. G. (ed.), 1987a. Landscape Heterogeneity and  Disturbance,
Springer-Verlag, New York.

1987b. Land use changes and net primary production in the

Georgia, USA, landscape: 1935-1982. Environ. Manage., Vol. 11, pp.

237-247.

, 1987¢. Spatial simulation of landscape changes in Georgia: A

comparison of three transition models. Landscape Ecol., Vol. 1, pp.

29-36.

, 1988, A spatial simulation model of land use changes in a pied-

mont county in Georgia. Appl. Math. Compu., Vol 27, pp. 39-51.

, 1989, Landscape ecology: The effect of pattern on process. Ain.
Rev. Ecol. Syst., Vol. 20, pp. 171-197.

Turner, M. G., and R. H. Gardner (eds.). Quantitatioe Methods in Land-
scape Ecology, Springer-Verlag, New york. (In press).

Turner, M. G., and C. L. Ruscher, 1988. Changes in landscape patterns
in Georgia, USA. Lawdscape Ecol., Vol. 1, pp. 241-251.

Turner, M. G., R. H. Gardner, V. H. Dale, and R. V. O'Neill, 1989,
Predicting the spread of disturbance across heterogeneous land-
scapes. Oikos, Vol. 55, pp. 121-129.

Turner, M. G., E. I'. Odum, R. Costanza, and T. M. Springer, 1988,
Market and nonmarket values of the Georgia landscape. Environ.
Manage., Vol. 12, pp. 209-217.

Urban, D. L., R. V. O'Neill, and H. H. Shugart, 1987. Landscape ecol-
ogy. BioScience, Vol. 37, pp. 119-127.

Van Dorp, D., and P. F. M. Opdam, 1987, Effects of patch size, isolation
and regional abundance on forest bird communities. Landscape Exol.,
Vol. 1, pp. 59-73.

Forum

Miss-Precis

In outlining the distinctions between cartography, remote sensing, and geographic information systems, Fisher and Lindenberg
(PE&RS, October 1989, pp. 1431-1434) have provided us with a most useful pedagogic framework. When defining remote sensing,
they drew upon a note that had been published in the PE&RS Forum (Curran, March 1987, pp. 305-306). In this note, [ discussed
remote sensing as a technique within science and technology. The fourth paragraph started like this: “A browse through Photo-
srammetric Engineering and Remote Sensing reveals that many researchers are not in pursuit of knowledge by means of induction
or deduction. Rather, they are using remotely sensed data to solve problems by means of a tuhnuinbual approach. Those
scientific researchers who are in pursuit of knowledge are faced with many d:ff:culncs. because inductive and deductive metho-
dologies, although being the best that science has to offer, are far from ideal... .

The words in bold were selected by Fisher and Landenberg in order to attribute me with the general view that remote sensing
“researchers are not in pursuit of knowledge but rather use remote sensing to solve problems.”

This statement is neither in the spirit or the wording of my note to Forum.

— Paul ]. Curran

University College of Swansea,
Singleton Park, Swansea SA2 8PP,
United Kingdom




