wnote Se,

\?& S K
f?o \\@ /?9 Pan et al., J Geophys Remote Sens 2013, 2:1
§ h @ ?c; DOI: 10.4172/2169-0049.1000108
o =
= 2

s, Journal of Remote Sensing & GIS

Monitoring Land-Use and Land-Cover Change in the Eastern Gulf Coastal
Plain Using Multi-temporal Landsat Imagery
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Abstract

Rapid population growth and intensifying human activities have driven significant changes in coastal plains. As one
of the largest coastal plains in the world, the U.S. Gulf Coastal Plain supports a huge population and provides numerous
goods and ecological services to the human society. Spatial information on Land-Use and Land-Cover Change (LULCC)
is essential for accurate assessment of human impacts on the structure and functioning of coastal ecosystems in this
region. In this study, the Florida Panhandle region was selected as a case to characterize and detect changes in Land
Use/Land Cover (LULC) in the Gulf Coastal Plain from 1985 to 2005. Landsat TM images in 1985, 1996 and 2005 were
collected and processed to retrieve LULC information and to reflect temporal changes of major LULC types. Results
indicated that urban areas expanded quickly and increased by about 79% from 1985 to 2005. Crop/pasture decreased
from 1985 to 1996 but increased quickly during 1996-2005 by replacing large area of forestland in the eastern part of
the study area. Forest/woody wetland increased from 1985 to 1996 but decreased in the later time period. Population
growth and tree plantation were identified as the two major driving forces for LULCC in this area. Our results imply that
urban sprawl and cropland/pasture expansion as well as tree plantation could potentially affect productivity, carbon and
nutrient cycling, as well as water quality in coastal ecosystems of the Gulf of Mexico. Uncertainties associated with

satellite image classification and scale effect should be further addressed in future research.

Keywords: Gulf coastal plain; Panhandle; Remote sensing; Land use;
land cover change

Introduction

Coastal plain ecosystems are of critical importance in supporting
the human society and increasing global population [1,2]. Low
topographic variations, mild climate, high productivity and convenient
accesses to ports make coastal plains the best places for housing and
industry [3]. It was estimated that there are approximately 1.2 billion
people living within 100 km of the shoreline, and the population density
in coastal plains area is two folds higher than the global average [4].
In the U.S,, the coastal plains support more than 39% of the country’s
populations although they only account for about 10% of the total land
area. Recent population projection indicated that population density in
coastal areas of the South and Southeast U.S. will continue to increase
in the near future [5]. In addition to the economical roles, coastal plains
are also known as biodiversity hotspots [6]. Environmental gradients
(elevation, water, soil salinity) from upland to coastal oceans create a
series of habitats which support a variety of faunas and floras [7,8].

The U.S. Gulf Coastal Plain has undergone rapid land use and land
cover changes (LULCC) in recent decades [9]. As the largest coastal
plain in the U.S., the Gulf Coastal Plain provides a large amount of
valuable goods and services to human society. However, due to the
increasing population and thriving industrial activities, the coastal
plain is experiencing intensifying anthropogenic disturbances. Urban
sprawl not only reduces forest cover, but also exerts negative impacts
on water quality and biodiversity. Several researchers have reported
that as low as 10% increase in impervious surface area could lead to
dramatic degradation of stream ecosystems [10,11]. High proportions
of impervious surface lead to increasing nutrient and sediment loads
to streams [11]. Urban developments were reported to increase heavy
metals, bacteria loadings, temperatures and other nutrients in streams
[12-14]. Forest plantation for commercial purposes could dramatically
alter water cycling through enhancing evapotranspiration and
deteriorate water quality through applications of chemical fertilizers
and pesticides [15].

Better management of coastal land use is critical for the
sustainability and integrity of coastal ecosystems. To fulfil this goal, a
thorough investigation of land use history in coastal areas is needed
to explore the underlying mechanisms that drive LULCC and to
predict future land use patterns. Among the different methods used
in land use change studies, extracting land cover information from
remotely sensed images has been widely used in recent decades [16,17].
Advancements in Remote Sensing (RS) and Geographic Information
System (GIS) made it possible to provide precise estimations of land
use dynamics [18,19]. Reconstructing land cover information with
aerial photographs and satellite data is considered the most effective
and efficient way to retrieve historical land use information [20,21].
Since the 1970s, Landsat datasets (MSS, TM/ETM+) have being widely
used in monitoring land cover change considering their 85 high spatial,
temporal and spectral resolutions [21].

Understanding the impacts of human activities on LULC patterns
is urgent in the coast plain regions of the southeastern U.S. In recent
decades, this area has experienced rapid population growth and
related activities which made it a good test bed to demonstrate how
anthropogenic activities drive LULCC. In this study, the Panhandle
region of western Florida was selected as the study area. Historical
LULC information regarding the area and spatial distribution of
different LULC types and their conversions over time is critical to the
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potential interdisciplinary researches in this region and will provide
useful implications for the whole Gulf Coastal Plain. Objectives of
this study include: 1) reconstructing the LULC history in Panhandle
from 1985 to 2005; 2) investigating the spatial and temporal patterns of
LULCC in this region; 3) exploring drivers that contributed to LULCC.

Study Area

The Florida Panhandle underwent rapid LULC and ownership
changes from the turn of the 20" century to the mid-1980s. Some
private landowners in Franklin County managed over 800,000 acres
of forest lands for timber products and owned about 20 miles of
the nearby coastline. About 15 years ago, some private landowners
decided to become land developers and started converting from timber
production to real estate activities. The deforestation and urbanization
changed the LULC; these actions caused 106 significantly impact upon
the ecosystems, especially in the water quality and in the coastal fishery
production. The water quality problems in Apalachicola Bay were so
intense that it made national news (NPR News, Morning Edition, and
April 30, 2007). Time-series of LULC datasets will be essential for
monitoring these changes and evaluating the potential impact.

Three counties (Franklin, Gulf, and Liberty) in the Florida
Panhandle region were selected for this study (Figure 1). They are
located in northwestern Florida and cover an area of 6780 km” The
total population in the three counties was 35,777 in 2010, increased by
14.9% compared from 2000. Forests and coastal wetlands are the major
land cover types in the study area.

Methodology

Procedures used in this study are depicted in Figure 2. In order
to explore the spatial-temporal pattern of LULCC in this study area,
Landsat TM images of three time periods (February 8 and March 19,
1985; January 13 and 22, 1996; April 4 and 27, 2005 with 30m resolution)
were collected (Figure 3). In addition to the Landsat TM image data,
ancillary data including aerial photographs (taken in 2004 with 1x1
m spatial resolution, 108 scenes of aerial photograph were mosaicked
for this study), National Land Cover Data of 1992 and 2001 (NLCD),
National Wetland Inventory Data (NWI), and demographic data were
collected to assist satellite image interpretation. Field surveys were also
conducted to enhance data processing and to evaluate interpretation
of Landsat images. To determine field observation sites, we randomly
sampled one GPS point per square mile along Highway 98 near
Apalachicola. A total of 68 GPS points were chosen for this study. The
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Figure 1: Location of the study area (Panhandle region) along the Gulf of
Mexico.
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Figure 2: Flow charts of methodology used for land use/land cover classification
and change Detection.

Figure 3: Landsat images of three years for the Panhandle region of Gulf
Coastal Plain. Color composition with TM bands 4, 3, 2 as red, green and blue.
The study area is composed of two TM scenes. A was taken on February 8 and
March 19, 1985; B was taken on January 13 and 22; C was taken on April 4 and
27, 2005.

Landsat TM images were first registered to the UTM coordinate system
with root mean square errors less than 0.5 pixels. The 1992 National
Land Cover Classification System was adopted as classification scheme
here. Initially, eleven LULC types included urban, water; evergreen
forest, deciduous forest, mixed forest, shrub, emergent herbaceous
wetland, woody wetland, cropland, grass/pasture, and barren land were
identified. The definitions of these classes can be found at USGS website
(http://landcover.usgs.gov/classes.php). We used different methods to
improve classification performance. Initially, we used an unsupervised
classification ISODATA algorithm to generate a number of spectral
clusters following by labeling each cluster.

We found that unsupervised classification based on spectral
characteristics alone is not capable of differentiating some land cover
types due to the similarity of their spectral properties, such as between
fallow field, impervious surface, and bare land; also between wetland
and forest. In order to overcome these problems, we incorporated the
Normalized Difference Vegetation Index (NDVI, Equation 1) and
the Normalized Difference Moisture Index (NDMI, Equation 2) into
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1985 Water Forest/Woody = Shrub/young Urban Grass/pasture/crop/herbaceous = Barren land Total
1996 wetland forest wetland
Water 172399 1647 56 83 1636 808 176629
Forest/Woody wetland 785 350129 30379 3220 34256 11577 430346
Shrubl/young forest 1 19359 5913 576 3133 2436 31428
Urban 80 2483 494 2443 1091 1048 7640
Grass/pasture/crop/herbaceous 766 15986 2507 691 6671 2064 28686
wetland
Barren land 420 1541 231 398 554 2592 5736
Total 174460 391145 39581 7412 47341 20526 680466
1996 Water Forest/Woody = Shrub/young Urban Grass/pasture/crop/herbaceous = Barren land Total
2005 wetland forest wetland
Water 173848 780 80 147 1435 1437 177727
Forest/Woody wetland 1006 369701 19685 2088 15151 770 408402
Shrubl/young forest 4 4982 2074 164 740 187 8150
Urban 113 5961 1957 2758 1556 953 13297
Grass/pasture/crop/herbaceous 1379 47443 7328 1677 9376 623 67826
wetland
Barren land 246 1519 316 807 425 1763 5076
Total 176596 430386 31440 7641 28684 5733 680478
1985 Water Forest/Woody = Shrubl/young Urban Grass/pasture/crop/herbaceous | Barren land Total
2005 wetland forest wetland
Water 172429 1474 83 74 1862 1698 177621
Forest/Woody wetland 545 337446 27662 3024 28969 10786 408432
Shrubl/young forest 1 4267 2200 177 579 925 8150
Urban 117 6412 1545 2234 1516 1474 13298
Grass/pasture/crop/herbaceous 1090 40123 7706 1485 13844 3566 67814
wetland
Barren land 273 1383 371 412 564 2073 5076
Total 174454 391105 39568 7407 47334 20523 680391
Table 1: Land cover change matrix during 1985-2005 (unit: hectare)
Year 1985 1996 2005
LULC types Producers Ac- Users Conditional | Producers Users Conditional  Producers Users Conditional
curacy Accuracy Kappa Accuracy | Accuracy Kappa Accuracy | Accuracy Kappa
Water 94.50% 100.00% 1.00 90.91% 100.00% 1.00 100.00% 100.00% 1.00
Forest/Woody wetland 80.27% 87.37% 0.86 80.38% 86.00% 0.84 74.55% 86.00% 0.84
Shrubl/young forest 72.92% 72.67% 0.70 70.07% 68.00% 0.65 72.83% 67.00% 0.64
Urban 97.78% 93.33% 0.93 99.17% 94.17% 0.94 94.18% 90.00% 0.89
Grass/pasture/crop/herbaceous 87.66% 76.95% 0.76 80.56% 74.17% 0.73 92.50% 80.84% 0.80
wetland
Barren land 91.06% 88.89% 0.88 83.33% 83.33% 0.82 93.55% 96.67% 0.96
Overall Accuracy 86.95% 85.88% 85.65%
Overall Kappa 0.8540 0.8445 0.8418

Table 2: Accuracy assessment of LULC classification.

original Landsat bands. Because of the impact of atmosphere on short
wavelengths and the high correlation between the visible bands, TM
band 1 (blue band) was not used in the image classification.

_ p(band4)— p(band3)
p(band4)+ p(band3)

NDVI (1)

_ p(band4)— p(band5)
p(band4)+ p(band?)

NDMI (2)

Considering the good performance of NDVI in identifying water
bodies, the NDVI map was first used to distinguish surface water
from other land use types. Since natural vegetation has low red-light
reflectance and high near-infrared reflectance, land surfaces covered by
plants have brighter color than developed regions. As a result, developed
and undeveloped areas in Panhandle can be identified through the
NDVI map. Considering the difference in vegetation structure, land use

diversityand human impacts, itis necessary to conduct classification over
developed and undeveloped separately. The images were then roughly
stratified as urban area and rural area. An unsupervised classification
was implemented for each stratum respectively. Different numbers of
clusters were produced for each stratum considering the complexity of
landscapes of the two stratums. For example, 100 spectral clusters were
generated for the rural portion and 30-40 clusters for the urban portion.
Each spectral cluster was visually checked against the Landsat imagery
as well as the ancillary data such as aerial photographs, existing LULC
data, National Wetland Inventory, etc., and was labelled with the land
cover type it represents. These methods are helpful to separate wetland
from forest, and developed features from fallow field and bare land.
Also we have conducted another spectral enhancement to TM images,
specifically, Tasseled Cap Transformation (TCT). TCT transforms
Landsat TM reflectance bands (band1 through band 5 and band 7) into
three orthogonal indices called soil brightness, vegetation greenness
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and soil/vegetation wetness, removes redundant or unnecessary
information and saves computer storage and processing time. Previous
studies using TCT to detect forest changes and disturbances as well
as vegetation type differentiation provide promising practices for our
research, in which forests and wetland mostly cover the study region. It
is helpful for separating some types of forest and wetland, bare soil and
developed features. In addition, any cluster that could not be assigned
with a specific land cover type due to spectral similarities between land
cover types was masked out for further analyses. All unlabeled pixels
were then subjected to additional unsupervised classification, and
each cluster was assigned with specific land cover type. For developed
area, including high residential, medium residential, low residential
and commercial/transportation/industrial were largely delineated
manually or using supervised classification for each year by comparing
the original TM images with corresponding year’s aerial photographs
and LULC data. We also conducted intensive field work to assist land
cover classification. The whole land cover map for each time period
was merged by adding individual portions together. Post refinement
was conducted to correct misclassification in the previous step. Finally,
eleven land cover classes were aggregated into six LULC types, namely
urban, water, forest/woody wetland, crop/pasture/emergent wetland,
shrub, and barren land; areas and percentages of each land cover type
were calculated.

The quality of land cover maps is essential prerequisite for post-
classification comparison based change detection. Thus, the accuracy
assessment of resulting LULC maps of three time periods was
conducted with a randomly sampling method. Samples of 15-75 points
were taken for each LULC type depending on each class’ area. A total
of 425 samples were obtained for 1985 and 1996, and 450 samples were
obtained for 2005 by using the stratified random sampling method.
The reference data was collected from high spatial resolution aerial

Land cover types
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Figure 4: Land cover pattern in the Panhandle region of Gulf Coastal Plain
classified from Landsat TM data.
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Figure 5: Major land use types in Panhandle region of Gulf Coastal Plain for the
years: 1985, 1996 and 2005.

photographs and from ground truths. The overall accuracy, producer’s
accuracy, user’s accuracy, and the Kappa coefficient statistic were
calculated based on the error matrices. In general, the classification
of different LULC types matched the reference data well. The overall
accuracies for 1985, 1996, and 2005 are 86.95%, 85.88%, and 85.65%,
respectively. The overall Kappa coefficients for 1985, 1996, and 2005 are
0.8540, 0.8445 and 0.8418, respectively. The accuracies for water body
and urban are greater than 90%. The shrub/young forest has the lowest
accuracy of classification (Table 2).

Results

Historical land use pattern

In the study area, the predominant land cover type was forest/
woody wetland (Figures 4 and 5). Percentages of forest/woody wetland
area were 57.5%, 63.2%, and 60% in 1985, 1996, and 2005 respectively.
Forest/woody wetland distributed evenly over the whole study area for
the three time periods. Since the satellite images covered a considerable
amount of ocean area, water was identified as the second largest land
cover type. Although there were some small streams and lakes in the
study area, their areas were relatively negligible compared to other
land cover types. Cropland/Pasture/Herbaceous wetland was another
major land cover type in this region. Herbaceous wetlands were mainly
located in the estuary regions of the Apalachicola River. In 1985, most
cropland/pastures occurred in the western part of the study area. After
that, cropland increased significantly by replacing large areas of forest
and expanded eastward. Shrub land/young forest mainly occurred in
northern and western part of this region. Large areas of barren land
were identified in 1985, but not in the other two time periods. Urban
area covered about 1% to 1.95% of the total area in the region. Most
developed areas were located in the southern coastal areas of the region.

Land use conversions

Figure 6 shows the net changes of each major land cover type for the
study area. The area change of major land cover types was calculated by
subtracting the area of each land cover type in 1996 and 2005 with the
area of the same type in 1985. From 1985 to 2005, there were two land
cover types that showed opposite conversions in different time periods.
One was the forest/woody wetland, which increased by approximately
40,000 hectares from 1985 to 1996, but decreased by more than 18,000
hectares from 1996 to 2005, resulting in a net increase of forest/woody
wetland area by 22,000 hectares. The other type was the crop/pasture/
herbaceous wetland, which decreased by about 18,000 hectares from
1985 to 1996 but increased by more than 38,000 hectares during
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Figure 6: Temporal changes of 6 major land use types in the Panhandle region
of Gulf Coastal Plain.
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Figure 7: Landsat-derived land use and land cover changes in the Panhandle

region of Gulf Coastal Plain from 1985 to 2005.

the later time period, leading to a net increase of more than 22,000
hectares. For the other land cover types, their temporal trends were
consistent in the two-study period. Although the total area of urban
land was much smaller than that of other land cover types, urban area
almost doubled during the study period. The rate of urban expansion
increased quickly in the second time period. From 1985 to 1996, urban
area only increased by about 0.1% of the study area, but it increased
by 0.8% in the later 9 years. Reduction of shrub land/young forest was
the most notable land use conversion with a net decrease of more than
30,000 hectares from 1985 to 2005. Barren land decreased too during
the study period.

Spatial patterns of land use conversions

Land conversions between forest/woody wetland and other land
cover types determine the spatial patterns of land use conversions.
As the major land cover type in Panhandle, forest/woody wetland
was involved in deforestation, afforestation, cropland expansion and
urbanization. From 1985 to 1996, forest/woody wetland increased
(Figure 7). Afforestation during this time period mainly occurred in
northern Liberty County and southern Franklin County. From 1996 to
2005, afforestation continued in northern Liberty county and northern
Gulf county and along the Apalachicola River valley. Forest converted
from cropland mainly responsible for the increase of forestland during
the first time period. From 1985 to 1996, cropland/pasture in the
central and southern Gulf County and southwestern Franklin County
was replaced by forest. In the later time period, there were also some
regions where cropland was abandoned and converted to forest. For

example, cropland replaced by forest in the county boundary regions
between the Gulf County and the Liberty County from 1996 to 2005.
Forest/woody wetland decreased during 1996-2005 as large areas of
forest were converted to cropland/pasture and resulted in significant
increase in cropland areas. Conversion from barren land to mature
forest also contributes to the increase of forest cover during the study
period. From 1985 to 1996, large area of shrub/young forest in the
northern Liberty County and the western Gulf County became mature
forest. Afforestation on barren land also contributed to the increase of
forestland. Most barren land in the northern Gulf County, the northern
Liberty County and the eastern Franklin County were forested between
1985 and 1996. Figure 8A gives an example of changes from clear out
barren land to forest.

Figure 9 demonstrates urban expansion during the study period.
Urban sprawl mainly occurred around small cities such as Carrabelle,
East Point, Apalachicola, Wewahitchka, Bristal and Hosford. In
addition, urban areas in southern coastal regions of the Franklin County
and along the Little St. George Island have increased dramatically since
1985.

Discussion

Drivers of land use changes

LULCC is driven by both land natural properties and human
activities. According to Veldkamp & Fresco (1996), all the factors that
drive land use change can be categorized as either biological factors
or human factors. Specifically, biological factors refer to physical and
chemical conditions of soil, climate factors, as well as pest and disease
impacts [22]. For this study, since the total area is relatively small, we
assume that all these biological factors are relatively homogeneous
over the whole region. As a result, human factors, such as population
increase and economic activities should have played the major role in
driving LULCC in the study area.

- Convertion from forest/woody wetland

- Convertion to forest/woody wetland

1996--2005

Figure 8: Landsat-derived Forest/woody wetland changes in the Panhandle

region of Gulf Coastal Plain.
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1985 1996 2005

Figure 9: Landsat-derived urban expansion in the Panhandle region of Gulf
Coastal Plain during 1985-2005.

Population growth is one major reason for urban expansion in the
study area. The US Census data shows that population increased by
18%, 39% and 58% from 1985 to 2005 for the Franklin County, Gulf
County, and Liberty County, respectively (http://www.census.gov).
As presented in previous sections, increasing urban areas were found
in northern Liberty County around the Bristol city and coastal areas.
Growing populations need additional food and settlement as well as
commercial facilities. As a result, large areas of forest or other land use
types were cleared and paved for settlement. Increasing populations also
required more agricultural products, which led to increasing cropland
from 1996 to 2005. The change matrix table (Table 1) shows that during
the period of 1996-2005, about 6000 ha of forest/woody wetland were
converted to urban. To support the increasing population, highways
were built to improve the transportation system. Figure 7 shows that
developed areas were increasing along major highways. In addition,
tourism was another factor for the increase in developed areas [23].
Lots of settlements were built along the coastal lines for people to spend
their vacations, and this trend will be enhanced as the population
growth continues.

Another factor that accounted for the land use changes in this
study is timber production. In the southeast U.S., the timber industry
is an important business in this region. For example, forestry related
industries accounted for more than 64% of the total output from the
Agriculture and natural resource related industries in the Liberty
County in 2008 [24]. Forestry industries are also important employers
in the other two counties. Timber industry could impact land use
changes to a great extent, as it is directly involved in tree plantation and
deforestation [25]. From the turn of the 20th century to the mid-1980s,
St. Joe’s Lumber Company, Florida’s largest private landowner managed
over 800,000 acres of forest lands for forest products, also owned 20
miles of coastline in Franklin County. About 15 years ago, the company
decided to switch from a timber company to a land developer, and
use its land for people, instead of trees. Now St. Joe Company is one
of Florida’s largest real estate development companies and Northwest
Florida’s largest private landowner with approximately 567,000 acres
of land, concentrated primarily between Tallahassee and Destin. St.
Jo€’s vast land holdings include over 300,000 acres within 40 miles of
the new Northwest Florida Beaches International Airport. In addition,
the company manages timber operations on thousands of acres and
offers certain rural acreage for sale. St. Joe Company plans to develop
hundreds of thousands of acres land in Panhandle region.

Implications for land use policy makers

As a typical coastal plain that experienced anthropogenic-driven
land use changes, land use change history in the study area could
provide useful information for land use management over the whole
Gulf Coastal Plain. As a result of population growth, urban areas have
been increasing in the study area, and the urban expansion rate from

1996 to 2005 was much higher than that in the previous decades,
indicating more intensive land conversions from forest, cropland and
other land use types to urban areas. Much concern on negative impacts
of urban expansion has been raised, special attention should be paid to
quantifying urbanization-induced changes in water quality, hydrology
and biodiversity in rivers and coastal areas [10,11,13].

Increasing cropland/pasture is another concern. Farming activities
such as tillage could enhance soil erosion and lead to elevated sediment
export through streams. In order to increase food production, chemical
fertilizers have been extensively used. Non-point nutrient pollution from
cropland has become a serious problem for water quality degradation
[26]. Impacts of expanding cropland on water quality should be further
evaluated in future land use management. Since timber production is
important to the economic growth of this region, tree plantation and
harvesting occurred frequently in the Gulf Coastal Plain. Our study
indicated that timber production could significantly result in changes
in forest cover and other related land use types. Although the increase
of forest cover has increased timber production, water consumption by
trees will probably become a concern in this region, especially because
some studies suggested that Southeast U.S. will experience more severe
droughts in the future [27,28]. As a result, it is necessary for land use
policy makers to consider the impacts of forest cover change on water
cycling, particularly when future climate scenarios are involved in land
use policy making.

Uncertainties analysis

It is important to note the methodological limitations of the
analyses associated with this study. Uncertainties of this study lie in
the data sources, methods employed in data processing, as well as the
insufficient consideration of spatial heterogeneity over the entire Gulf
Coastal Plain.

One major source of uncertainty for the results and conclusion
is the satellite data. In this study, TM images for the three years were
used to retrieve land use information. Since two scenes of TM data
were used to cover the whole region, we tried to collect images taken at
similar phonological season to avoid effects of plant phenology on the
identification of different plant covers. However, limited data made it
difficult to eliminate the influence of plant phenology. In addition, for
the 20-year land use history reconstruction, we used only three time
periods of Landsat images, which could miss information on land use
conversions between these years.

Another source of uncertainty is the data processing method. Land
use classification and change detection in the subtropical landscape
are especially difficult due to overlap of spectral signature between
land cover types and impacts of complex environmental conditions
on land surface reflectance. There is usually lots of misperception on
spectral signature between woody wetland and forest, among different
forest types (especially leaf-on images), between pasture, grass and
crop, and even between urban and barren land. That is the reason
that 11 land cover types were aggregated to 6 categories based on
their spectral responses. Environmental conditions also influence the
spectral response of land surface features. For example, fluctuating
water content changes the spectral reflectance of vegetation and
other land cover types and makes it difficult to separate vegetation
types and urban. High soil water contents under the vegetated areas
often reduce the vegetation reflectance, especially in the near and
shortwave infrared wavelength bands which are critical for accurate
separation of vegetation classes. Land cover classification based on pure
spectral signatures in the wetland environment often results in poor
classification performance. For better separation of wetland from other
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upland vegetation, images acquired when the wetlands are at their
highest water levels could improve identification of this land use types
[29]. As a result, more ancillary information such as hydrological data,
soil, elevation and census data are needed to improve the classification
performance. The low spatial resolution is also an important factor,
resulting in misclassification because of the mixed pixels is inherent in
the remote sensing data. Higher spatial resolution data will be helpful
for identification of urban landscape. More ground truth data should be
collected for assisting the land cover classification and for the evaluation
of classification results. Finally, this study is an initial investigation
of land use/land cover changes in coastal plains of the U.S. To draw
more accurate conclusions of land use/land cover change and to make
precise projections of future land use pattern in the Gulf Coastal Plain,
more thorough investigations over the entire Gulf Coastal Plain and
additional land use types are needed.

Summary

Information on Land Use and Land Cover Change (LULCC) in the
Gulf Coastal Plains is essential to accurately assess human impacts on
coastal ecosystems. In this study, we selected the Florida Panhandle
region as a case study for reconstructing historical LULCC and the
underlying driving forces in the Eastern Gulf Coastal Plains. Landsat
TM images were used to retrieve land use information in 1985, 1996
and 2005. Our results suggested that forests/woody wetland were the
predominant land use type in this region. Although urban areas only
covered a small area, they expanded at a much higher rate from 1996
to 2005 than in the previous decade. Population growth and timber
production industry were considered as the two major driving forces
for land conversions from 1985 to 2005. Results drawn from this study
provided some useful information for land use policy makers in the
coastal plain regions. There is an important need to investigate impacts
of urbanization on water quality, hydrology and biodiversity due to
rapid population growth and urban sprawling in the Gulf Coastal
Plains. Influence of forest plantation on water cycling should also be
noticed as the Southeast U.S. may experience more droughts in the
future.
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