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Abstract

The University of Georgia's Center for Remote Sensing and
Mapping Science (CRMS) is working in conjunction with the
U.S. Department of Interior's National Park Service (NPS) to
construct a geographic information system (G1s) database
and associated detailed vegetation maps for the Everglades
National Park, Biscayne National Park, Big Cypress National
Preserve, and the Florida Panther Refuge. Preservation of
these south Florida wetland areas, threatened by urban ex-
pansion, nutrient runoff from agricultural lands, encroach-
ment of exotic plant species, and increased recreational use,
is a topic of national concern. Development of the database
and maps is made possible by the integration of Global Posi-
tioning System (GPS), satellite remote sensing, air photo inter-
pretation, and helicopter-assisted field verification
procedures. A digital satellite image mosaic prepared from
eight SPOT panchromatic images of 10-m resolution and geo-
coded to ground control points in the UTM (NAD 83) coordi-
nate system to an accuracy of +1 to + 1.5 pixels forms the
coordinate reference layer for the GIS database. Vegetation
patterns and, where appropriate, hydrographic and transpor-
tation features are digitized directly from 4X paper print en-
largements of National Aerial Photography Program (NAPP)
color infrared aerial photographs recorded in 1994 and 1995.
These digitized vector files are rectified to ground control
transferred from the rectified SPOT satellite images. Planimet-
ric errors generally are less than =10 m. The vegetation lay-
ers in the GIS database are classified according to a proto-
type Everglades Vegetation Classification System being
developed by NPS, CRMS, and South Florida Water Manage-
ment District (SFWMD) personnel. Ground truth collection and
verification of the thematic accuracy of interpreted vegeta-
tion polygons and boundaries is facilitated through the aid
of the SPOT satellite image mosaic, and a laptop computer
interfaced to a GPS receiver mounted in a helicopter. The
flight track of the helicopter is displayed in real time on the
SPOT image mosaic, and, as required, attribute information is
entered into the computer. The digital GIS database and
1:24,000-scale vegetation maps will provide the NPS with the
detailed, up-to-date spatial information needed to manage
the Parks of south Florida.
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Introduction

The Center for Remote Sensing and Mapping Science (CRMS)
at The University of Georgia is working with the U.S. Depart-
ment of Interior’s National Park Service (NPS) to utilize a
combination of satellite imaging, aerial photographic, Global
Positioning System (GPS), and geographic information system
(G18) technologies to develop a database in GIS format for
over one million hectares (ha) of ecologically unique Ever-
glades wetlands in south Florida. Although the southern tip
of Florida was the entry point for early explorers into the
New World, the Everglades remain one of the last portions of
the United States to be accurately mapped at any level of de-
tail.

This vast, flat terrain, wetland study area includes Ever-
glades National Park, Biscayne National Park, Big Cypress
National Preserve, and the Florida Panther Refuge (Figure 1).
Collectively, this area will be referred to as the “Parks."” It
extends roughly from Miami on the east to Naples on the
west, southward to Florida Bay, and represents the remain-
ing lands of the greater Big Cypress Swamp and Everglades
ecosystems that once covered approximately one-third of the
Florida peninsula (Light and Dineen, 1994). The growth of
the Miami urban area, the encroachment of exotic plants
such as Melaleuca quinquenervia (cajeput) and Schinus tere-
binthifolius (Brazilian pepper), the expansion of agricultural
land along the margins of the Parks, and increased recrea-
tional use combine to threaten the flora and fauna in this re-
gion (Duever et al., 1986; Doren et al., 1990; Davis and
Ogden, 1994).

Although portions of the Parks have been mapped for
particular research interests, neither detailed maps nor a
comprehensive database of Everglades vegetation exists at
this time (e.g., McPherson, 1973; Gunderson and Loope,
1982; Olmstead et al., 1983; Rose and Draughn, 1991). The
South Florida Water Management District (SFWMD) recently
used satellite image data to develop a land-cover map of
SFWMD Water Conservation Area 2A, located northeast of the
Everglades National Park (Rutchey and Vilchek, 1994; Jensen
et al., 1995). Rutchey and Vilchek (1994) concluded, how-
ever, that, due to the diverse nature of Everglades vegetation,
the accuracy of thematic classification results may be im-
proved by using low altitude aircraft multispectral scanner
data and aerial photographs. The SFWMD is now cooperating
with the NPS to coordinate and develop joint mapping proce-
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Figure 1. The South Florida National Parks and Preserves
study area is shown by a dashed line, and the SPOT im-
ages employed to create a geocoded mosaic are indi-
cated by solid lines.

dures and vegetation classifications to create a vegetation da-
tabase for the Parks and water conservation areas.

With limited road access to extensive tracts of the study
area and overland travel made difficult by wetlands, exposed
pinnacle rock, and entangled mangrove forest, it was deter-
mined that GPS surveys in conjunction with satellite image
data would be required to bridge the remote areas and pro-
vide an accurate control network for GIS database develop-
ment (Welch et al., 1992; Welch and Remillard, 1994). Also,
it was concluded that detailed mapping of vegetation, hy-
drography, and transportation features should be undertaken
with aerial photographs. Consequently, the objectives of this
project were defined as follows:

e Construct a geocaded satellite image mosaic of the Parks that
will provide the reference layer for a Gis database;

® Produce a detailed Gis database in digital format that con-
forms to an accuracy standard of approximately = 10 m
root-mean-square error (RMSE, ) for well-defined planimetric
features, and includes the distribution of plant communities
within the Parks; and

® Assess vegetation damage caused by Hurricane Andrew.

In order to meet these objectives, it was necessary to ac-
curately geocode satellite images and develop techniques for
using control transferred from the satellite images to rectify
several hundred aerial photographs; establish efficient photo-
interpretation and feature encoding procedures compatible
with a new classification system that takes into account vege-
tation species, human impacts, and hurricane damage; and
integrate GPS surveys with attribute recording and digital im-
age processing on a laptop computer to facilitate the real-
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time collection of ground truth information by helicopter
surveys. The surveying, remote sensing, and GIS procedures
being used to build the database are described in this paper.

Data Sources

Data sources for the project include maps produced by the
U. S. Geological Survey (USGS) and the NPS South Florida
Natural Resource Center (SFNRC), satellite image data, and
color infrared (CIR) aerial photographs. The majority of the
USGS 1:24,000-scale quadrangles of the Parks were produced
from aerial photographs in the 1960s and early 1970s as mul-
ticolor orthophotomaps (Pumpelly, 1967). These orthophoto-
maps have exlensive cartographic treatment such as color
patterns, lettering, and symbols placed on the photo image
which tend to mask vegetation patterns. Although statements
on these orthophotomaps indicate that they comply with
U.S. National Map Accuracy Standards (NMAS) (£ 7.2 RMSE,,
for well-defined features), many of the map sheets for the Ev-
erglades National Park and Big Cypress National Preserve
show extensive wetland areas with no “well-defined” fea-
tures. Thus, for the interior of the study area, the USGS ortho-
photomaps are dated, provide limited detail, and are of
questionable geometric reliability. By contrast, the standard
1:24,000-scale USGS topographic line maps for the developed
areas surrounding the Parks (revised in the 1980s) are a valu-
able source for ground control points (GCPs) on the perimeter
of the study area.

Large scale vegetation maps (1:14,000 to 1:43,000 scale)
produced by the SFNRC in the 1970s and early 1980s provide
detailed vegetation information for limited areas of the Ever-
glades National Park and Big Cypress National Preserve. Al-
though these maps are useful for confirming the identifica-
tion of vegetation in a few specific locations, they only cover
a small fraction of the study area and do not conform to spe-
cific geometric accuracy standards.

Existing map coverage of the Parks, therefore, was inade-
quate for deriving a GCP network of sufficient density and ac-
curacy to create a GIS database directly from available CIR
aerial photographs. Alternative sources of control, namely
GPS, aerotriangulation, and satellite image data, were consid-
ered. Aerotriangulation was ruled out because of the charac-
teristics of the National Aeronautics and Space Administra-
tion (NASA) aerial photographs (described below) available at
the outset of the project and the difficulties in establishing a
control network for several hundred photographs. Satellite
images, however, in combination with a GpS survey and
USGS 1:24,000-scale topographic line maps for the perimeter
of the study area, offered a rapid and economical means of
establishing a dense network of Geps of sufficient planimetric
accuracy to control the aerial photographs. Although the use
of satellite images to provide control for aerial photographs
is contrary to traditional practice, past experience has shown
that, because of their excellent internal geometry, only four
to six GCPs per image are required to geocode a SPOT satellite
image to a planimetric accuracy of +0.5 to 1.0 pixel — or
+5 to =10 m on the ground (Welch, 1985; Welch et al.,
1985). Such accuracies are compatible with NMAS for
1:24,000-scale maps and were considered acceptable for
establishing a geocoded image database.

Satellite images recorded by three different sensor sys-
tems were considered as potential source material for a geo-
coded image database: (1) SPOT panchromatic images of 10-m
pixel resolution, (2) Russian KATE-200 images of 12-m pixel
resolution (Spradley, 1994), and (3) Landsat Thematic Map-
per (TM) images of 28.5-m pixel resolution (Table 1A; Figure
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(b)

Figure 2. A road intersection (used as a control point) is visi-
ble on three types of satellite image data: (a) SPOT panchro-
matic image of 10-m pixel resolution, (b) Russian KATE-200
image of 12-m pixel resolution, and (c) Landsat Thematic
Mapper (TM) image of 28.5-m pixel resolution. Because of
their superior spatial resolution, SPOT images were identified
as the primary satellite image data set for deriving a control
network.

2). Because of their recent date of acquisition (1993), supe-
rior 10-m spatial resolution, and availability from the NPS
and SFWMD, the SPOT images were identified as the primary
satellite image data set (Figure 3). The Russian KATE-200 im-
age covered the entire study area, but poor contrast limited
its use. Both the KATE-200 and multispectral Landsat T™ im-
ages were used to plan the locations of GPS control points
and to locate supplemental control points needed to geocode
the SPOT images.

Aerial photographs were acquired with mapping cameras
(23- by 23-cm format) and frame reconnaissance cameras (23-
by 46-cm format) from an altitude of 19,800 m (65,000 ft) by
the NASA U-2 research aircraft on 5 April 1990 and on 30 No-
vember and 3 December 1992, approximately three months
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after Hurricane Andrew (Table 1B). Although the timing of
these photographs is excellent for hurricane damage assess-
ment, the 1:65,000-scale photos (23 by 23 cm) lack sufficient
detail for vegetation studies. The 1:32,500-scale (23- by 46-
cm) photos, on the other hand, depict adequate detail, but
their use is complicated by the large, rectangular format and
the non-standard, cross-track (instead of along-track) orienta-
tion of the long axis (46 cm) of the camera focal plane dur-
ing photo acquisition. For example, it is difficult to locate
any commercial company or civilian government agency that
can (or will) produce full format photographic enlargements
from 23- by 46-cm film transparencies, and it is exceedingly
cumbersome to work with stereo models having dimensions
of 13 by 46 cm.
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TABLE 1.
A. SATELLITE IMAGE DATA FOR SOUTH FLORIDA

Satellite Sensor Pixel Size Spectral Bands Areal Coverage No. of Scenes Required
Landsat TM 28.5 m Multispectral (7 bands) 185 by 185 km 2
SPOT HRV 10 m Panchromatic (1 band) 60 by 60 km 8
KATE-200 12 m Panchromatic (1 band) 192 by 228 km 1
8. Recent Aerial Photographic Coverage of South Florida
Date Format Scale Film Type Camera Focal Length Agency
05 Apr 90 23 by 23 cm 1:65,000 S0-131 (CIR) Wild (Leica) 304.97 mm NASA
RC-10 (12 in.)
05 Apr 90 23 by 46 cm 1:32,500 S0-131 (CIR) Hycon 609.6 mm NASA
HR 732 (24 in.)
30 Nov 92 23 by 23 cm 1:65,000 S0-131 (CIR) Wild (Leica) 304.97 mm NASA
and RC-10 (12 in.)
03 Dec 92
30 Nov 92 23 by 46 cm 1:32,500 S0-131 (CIR) Hycon 609.6 mm NASA
and HR 732 (24 in.)
03 Dec 92
15 Mar 94 23 by 23 cm 1:40,000 50-134 (CIR) Zeiss 153.224 mm USGS
and REMK A 15/23 (6 in.) NAPP
Mar 95

During 1994 and 1995, as part of the USGS National Aer-
ial Photography Program (NAPP), 1:40,000-scale CIR aerial
photographs of the study area were recorded with standard
23- by 23-cm format mapping cameras. The NAPP photos of-
fer several advantages over the NASA photos: (1) superior
quality and color contrast, (2) standard 23- by 23-cm format,
(3) stereo coverage registered to the 7.5-minute topographic
quadrangles, and (4) a current record of vegetation patterns
in south Florida (Plate 1). These photos are being used as the
primary remote sensing data set for mapping vegetation. The
1990 and 1992 NASA photographs are available for assessing
the damage caused by Hurricane Andrew.

Methodology
In order to meet the initial objectives of providing a geo-
coded satellite image mosaic and to ensure the registration of

Aerial Photographs

SPOT Image Mosaic

UTM Coordinate
Reference System

Figure 3. Remote sensing data for the project
included color infrared aerial photographs
and SPOT panchromatic images of 10-m reso-
lution. The sPOT images form a geocoded mo-
saic tied to the North American Datum of
1983 (NAD 83).
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vegetation, transportation, and hydrographic features in a GIs
database, it was first necessary to establish a network of Gcps
distributed throughout the study area adequate for rectifying
the eight SPOT images. The survey to establish GCPs was in-

fluenced by the existing road network and by the availability

Plate 1. Sample 1994 NAPP color infrared (CIR) aerial pho-
tograph of mangrove forest located on the west coast of
Everglades National Park. Note the contrast between
healthy mangrove (red) and damaged mangrove forest
(green) caused by Hurricane Andrew.

PE&RS



PEER-REVIEWED ARTICLE

of 1:24,000-scale topographic line maps of recent vintage for
the lands adjoining the Parks. Thus, it was decided to use
the existing maps for perimeter control and to conduct the
GPS survey along the few roads through the middle of the

(b)
Plate 2. Features such as road intersections, tree is-
lands, and small ponds can be located on both the CIR
air photos (a) and the spPOT image mosaic (b). The UTM
ground coordinates of such features are digitized from
the sPOT image and provide planimetric control for the CIR
aerial photographs.
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study area in order to provide the interior control necessary
to rectify the satellite images.

The ground survey was conducted by Global Satellite
Surveys, Decatur, Alabama, with assistance from CRMS and
NPS personnel. Four Trimble Navigation 4000SE Land Sur-
veyor receivers were employed using static differential GpS
surveying techniques to establish a network of 23 image
identifiable Gcps along 300 km of roads through the study
area (Figure 4). These control points included the intersec-
tions of roads and of roads and canals, both of which are
easily located on the SPOT 10-m panchromatic images. In ad-
dition, the survey included eight monumented National Geo-
detic Survey (NGS) and Florida GPS (FLGPS) base points of
Order B (1:1,000,000) accuracy (or better) which were used
to adjust the network. Based on checks conducted in the
post-processing adjustment of the GPS observations, the accu-
racy to which the Universal Transverse Mercator (UTM)
coordinates of the 23 points were established as referenced
to the North American Datum of 1983 (NAD 83) was about
+0.05 m (RMSE,,).

Geocoded Image Mosaic

Initially, consideration was given to using a block adjustment
approach to create a seamless mosaic (Lenzen and Foresman,
1993). However, this approach necessitated the use of Level
1A sPOT data rather than the Level 1B data available for the
project. Also, there was some uncertainty as to whether the
coordinates of pass points could be established to an accu-
racy of about +1 pixel over the entire data set. For these rea-
sons, it was decided to rectify each of the SPOT images
individually, and then join them together to create the mo-
saic (see Figure 1 for SPOT scene locations).

The eight SPOT panchromatic images of 10-m pixel reso-
lution were rectified to the UTM coordinate system using six
to 15 GCPs per image obtained from the GPS survey and/or
digitized from the existing USGS 1:24,000-scale topographic
maps. All GCps digitized from the USGS maps were refer-
enced to the North American Datum of 1927 (NAD 27). These
ceps were converted to NAD 83 values using the U.S. Army
Corps of Engineer’s CORPSCON program available from the
NGS offices in Rockville, Maryland. In a few instances, sup-
plemental control in the form of small ponds or clumps of
vegetation identifiable on the geocoded Landsat T™M image
were utilized to reinforce the rectification of the SPOT images
over the more remote areas of the Everglades National Park.
An assessment of the planimetric coordinate errors for each
rectified SPOT panchromatic image produced RMSE,, values
ranging from +5 to =9 m, with the average RMSE for the
eight scenes equivalent to =7 m (i.e., 0.7 pixel).

The SPOT image mosaic was created from the individual
SPOT scenes using the Desktop Mapping System (DMS)™ soft-
ware package. Each digital SPOT image (or tile) was placed at
its correct location (according to the UTM coordinates of the
upper left corner pixel) within a coordinate box for the en-
tire study area. An approximate 1-km wide by 60-km long
gap between two adjacent SPOT scenes (visible in Figure 1)
was patched with a strip of Landsat TM Band 3 image data
geocoded and resampled to 10-m resolution. Once the mo-
saic was assembled, a median filter was employed to mini-
mize banding and reduce artifacts along the margins of
overlap between adjacent images. In order to facilitate its
use, a UTM grid (NAD 83) with 5,000-m spacing was regis-
tered to the mosaic (Figure 5). The planimetric accuracy of
the geocoded mosaic was evaluated at 29 withheld control
points (check points) and was better than =+ 1.5 pixels. The

1375




PEER-REVIEWED ARTICLE

Figure 4. Distribution of 23 Gcps established by a Gps
survey in 1994 along the roads through the Everglades
National Park and Big Cypress National Preserve.

mosaic occupies slightly more than 200 Mbytes of disk space
and is resident on NPS computers at Everglades National
Park.

Interpretation of Aerial Photographs for the Development of a Vegetation
Database

The timely development of an accurate, detailed vegetation
database in GIS format for the Parks requires the use of re-
motely sensed data of sufficient resolution to identify and
delineate vegetation classes to an accuracy of approximately
90 percent or better on one-hectare or larger plots, and of ad-
equate geometric fidelity to lccate class boundaries and par-
cels to accuracies generally compatible with NMAS for
1:24,000-scale map sheets. These requirements precluded the
use of Landsat T™ (28.5 m) or SPOT HRV (20 m) multispectral
imagery for the development of the vegetation database. In-
stead, the use of the NAPP and NASA CIR aerial photographs
of 1-m (or better) resolution was considered essential for the
project.

In order to expedite the interpretation of the photo-
graphs and facilitate the construction of vegetation coverages
in digital format, vegetation classes are delineated directly on
CIR paper print enlargements (4x) produced from the CIR
film transparencies. In addition, point features identified on
the SPOT images and the air photo enlargements are anno-
tated and numbered, and their UTM coordinates (obtained
from the geocoded SPOT images) are employed to establish a
Gep file for each photograph (Plate 2).

The annotated features on the photographs are then digi-
tized, beginning with the Gcps. By digitizing the GCPs first, a
set of photo rectification coefficients are generated which al-
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low x,y digitizer coordinates for the annotated vegetation
class boundaries to be transformed to UTM map coordinates
(Easting, Northing) as the digitizing occurs. This procedure
permits a segregation of tasks (interpretation, digitizing, edit-
ing) and greatly “speeds-up” the development of the vegeta-
tion database. Tests conducted to assess the accuracy to
which the features are digitized have yvielded RMSE,, values
of between +5 and +10 m. '

Vegetation Classification and Field Verification with GPS Assisted Helicopter
Surveys

A hierarchical system of vegetation classification was devel-
oped (and is still being refined) for the Parks that includes
information on plant species associations, land use, degree of
human influence, and damage caused by Hurricane Andrew.
Existing vegetation classification schemes such as the USGS
Land-Use and Land-Cover Classification System for Use with
Remote Sensor Data (Anderson et al., 1976), the U.S. Fish
and Wildlife Service Cowardin System for Wetlands and
Deepwater Habitats of the United States (Cowardin et al.,
1979), the Florida Department of Transportation Classifica-
tion System, and the Florida Biological Diversity Project
Classification System (FBDP, 1994) do not contain the level
of detail required for this vegetation mapping project. It was
therefore decided that a new classification system should (1)
contain classes at the individual species or species associa-
tion level that can be identified from the CIR aerial photo-
graphs and (2) have a hierarchical organization that allows
classes to be readily collapsed for compatibility with existing
vegetation classification schemes being used elsewhere in
south Florida.

The new Everglades Vegetation Classification System is
being developed in conjunction with personnel from both
the NPS and SFWMD and includes nine proposed classes of
plant community types/land uses and an additional category

53w 540

5300 54
Figure 5. A portion of the SPOT image mosaic (10-m spa-
tial resolution) at the eastern boundary of the Everglades
National Park with 5,000-m UTM grid (NAD 83) superim-
posed. Note the agricultural land use adjacent to the
Park.
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TABLE 2. ProPOseD VEGETATION CLASSES FOR SOUTH FLORIDA NATIONAL PARKS
AND PRESERVES

A. Forest
1. Buttonwood Forest
2, Mangrove Forest
3. Pine Forest
4. Hardwood Forest
B. Scrubland
1. Buttonwood Scrub
2. Mangrove Scrub
C. Hammock
1. Tropical Hardwood Hammock
2. Oak-Sabal Hammock
3. Fan Palm Hammock
4. Buttonwood Hammock
5. Sabal Palmetto Hammock
D. Savannah
1. Palm Savannah
2. Cypress Savannah
3. Pine Savannah
E. Swamp
1. Mixed Hardwood Swamp
2, Cypress Swamp
3. Bay Head Swamp
4. Willow Head Swamp
F. Prairie/Marsh
1. Wet Prairie
2. Dry Prairie
3. Halophytic Herbaceous Prairie
4. Broad Leaved Emergent Marsh
G. Exotics
1. Melaleuca quinquenervia (cajeput)
2. Casuarina spp. (Australian pine)
3. Colubrina asiatica (lather leaf)
4. Schinus terebinthifolius (Brazilian pepper)
H. Open Water
1. Lakes/Ponds
2. Rivers/Streams
3. Canals
4. Air Boat Trails
1. Non-Vegetated
1. Beaches
2. Mud (Tidal) Flats
3. Exposed Rock (i.e., pinnacle rock)
4, Off Road Vehicle (ORV) Trails
J. Special Modifiers:
1. Density Classes
2. Hurricane Damage Classes
3. Human Influence

of special modifiers (Table 2). A higher level of detail within
the plant community types includes plant associations de-
fined by typical dominant species. For example, under Forest
(type) there are four associations: Buttonwood, Mangrove,
Pine, and Hardwood. These associations may be further sub-
divided to include classes for individual species, for exam-
ple, Rhizophora mangle (red mangrove], Avicennia germi-
nans (black mangrove), Laguncularia racemosa (white
mangrove), and Mixed Mangrove within the Mangrove Forest
association. The species descriptions for the Everglades Clas-
sification System were compiled from Craighead (1971), Mc-
Pherson (1973), Davis and Ogden (1994), and several NPS
South Florida Research Center Reports (1980-1986) for the
Everglades and Big Cypress National Parks/Preserves (e.g.,
Gunderson and Loope, 1982; Olmstead et al., 1983). The
classification information provided here is preliminary and is
used to help clarify the photo-interpretation and mapping
procedures.
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In addition to the floristic characterization of the natu-
rally occurring Everglades plant communities, the classifica-
tion system includes categories of invasive exotic plants,
indicators of human influence such as off road vehicle (ORV)
and air boat trails, and four hurricane damage classes. In this
way, the Everglades vegetation database will convey details
on current vegetation, as well as human impacts and epi-
sodic disturbances that influence vegetation species distribu-
tions.

The detailed classification system requires that the inter-
preters be familiar with the classification scheme and the
characteristics of the vegetation, as well as extremely skilled
in photo-interpretation. Attainment of a high level of classifi-
cation accuracy also requires the interpreters to have direct
association with the plants and to make cross-correlations
between the photographic images of the vegetation classes
and their appearance in the natural environment. In this con-
text, fieldwork is greatly facilitated by the use of NPS Bell Jet
Ranger 206 helicopters that are available for ground truth
collection and verification of image interpretations. However,
helicopter flight time is expensive (~ $500.00/hr), and a pro-
cedure involving use of the SPOT image mosaic and the latest
technology in laptop computers, GPS receivers, and image
processing/positioning/display software has been developed
to expedite data collection and verification. The helicopters
are equipped with GPS receivers that enable the pilots to pre-
define their flight track, to conduct real time navigation
guided by the GPS unit, and to record the coordinates of
landing points or features of interest. In order to maximize
the advantage of this positioning technology, the SPOT image
mosaic of 10-m pixel resolution was aggregated to a mosaic
of 20-m pixel resolution and divided into four tiles, each
about 13 Mbytes in size. These image files were then loaded
into a Dell Latitude xp 486 laptop computer (100 Mhz) along
with the bMs (R-WEL, Inc.) and Field Notes (Pen Metrics,
Inc.) software packages. A Trimble Pathfinder Professional
(six-channel) GPS receiver with an external antenna mounted
on the forward hull of the helicopter was then connected to
the serial port of the laptop computer. This set-up enables a
person in the rear seat of the helicopter to hold the computer
on his or her lap, display the satellite image mosaic, and
track in real time the flight path of the helicopter (Plate 3).
Most importantly, it provides a means of collecting ground
truth information that is linked to coordinates provided by
the GPS receiver. Upon reaching an area of interest, the heli-
copter circles at low altitude and/or lands to allow identifica-
tion of plants (Plate 4). Species attribute information and
additional notes pertaining to fire history or exotic control
measures that may have influenced the area are entered into
the computer and linked with the Gps coordinates. This pro-
cedure also can be used with vehicle or foot surveys.

The data gathered during the ground and helicopter sur-
veys are used to verify vegetation interpretations from the
1994/1995 USGS NAPP air photos. After verification, the
digital vegetation boundary files, along with transportation
and hydrographic data in digital format, are input to the ARC/
INFO software package resident on an IBM RISC System 6000
workstation, edited, attributed, and edge matched to create
the GIS database. Tiles corresponding to the USGS 1:24,000-
scale topographic quadrangle series are then plotted as hard-
copy maps.

Vegetation Maps and Projected Database Use
The GIS database and vegetation maps are currently being
constructed with an anticipated completion date sometime in
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Plate 3. Collection of ground truth is facilitated by the
use of helicopters and by employing a laptop computer
interfaced to a GPS unit and software for image display/
attribute entry. The Gps continually tracks the helicopter.
This track is displayed on the spoT image mosaic and at-
tribute information is recorded in real time.

1996. As the project proceeds, the digital and hardcopy
products are being transferred to the South Florida Natural
Resource Center, Everglades National Park, and to the cIS
units at the Headquarters of Big Cypress National Preserve
and Biscayne National Park. Two preliminary samples of
vegetation maps are presented in Plate 5. The first depicts
Pine Savannah vegetation in the Long Pine Key area of Ever-
glades National Park that suffered stem breakage and defolia-
tion by the strong winds and tornadoes associated with
Hurricane Andrew (Plaste 5A). Although considerable dam-
age was noted on the 1992 NASA photographs, recovery of
the pine trees was observed during helicopter surveys con-
ducted in 1995. The impact of human activities on vegeta-
tion patterns, on the other hand, may be more long lasting.
For example, evidence of past row crop planting of vegetable
farms abandoned more than 40 years ago remains in Sa-
wgrass Wet Prairie and Cypress Forest areas in the Parks
(Plate 5B).

Park researchers and managers will use the maps and

1378

digital data sets to study the relationships between human
activities, hurricane damage, and vegetation patterns. This
information, in turn, will provide a basis for assessing future
changes due to the increasing pressures facing the Parks. In
addition, higher resolution image subsets of important com-
munity and landscape types and features will be established
to support a long-term environmental monitoring program for
the Parks to assess changes at the individual species and
community levels. These image subsets will allow the Parks
to monitor the relationship of vegetation change to other en-
vironmental variables.

Conclusion
The development of a digital database in GIS format for the
Parks of south Florida is made possible by the availability of
recent SPOT panchromatic satellite image data of 10-m reso-
lution, CIR aerial photographs recorded in 1994-1995, and
new approaches to the integration of GPS, image processing,
and GIS technologies to facilitate rectification, analysis, and
verification of data. It is envisioned that the geocoded spoT
image mosaic will provide NPS personnel with a quick and
reliable means of pinpointing features of interest and devel-
oping image subsets that will aid Park managers, scientists,
rangers, and law enforcement officers in their various roles.
The GIs database and associated 1:24,000-scale hardcopy
vegetation maps will provide the NPS with the first compre-
hensive, up-to-date spatial data to support park management
personnel in evaluating the status of vegetation and the
threats caused by urban expansion, the intense use of border-
ing agricultural lands, and the encroachment of exotic plant
species. In particular, the database will provide a means for
assessing damage caused by natural stochastic events such as
Hurricane Andrew. The methodologies employed in this pro-
ject, which include the construction of a geocoded satellite

Plate 4. The University of Georgia and NPS personnel ex-
amine Sawgrass Wet Prairie vegetation in Big Cypress
National Preserve. The use of helicopters and real-time
position/data entry greatly expedites field verification and
provides a computer record that is used in the laboratory
to facilitate photo interpretation of vegetation classes.
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Plate 5. Preliminary vegetation maps for portions of Everglades National Park and Big Cypress National Pre-

serve. (A) Pine Savannah vegetation in a portion of Everglades National Park classified according to levels of
damage caused by Hurricane Andrew. (B) Evidence of human influence and abandoned agricultural fields de-
tected in Big Cypress National Preserve communities of Mixed Wet Prairie.
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image mosaic to use in conjunction with aerial photographs,
and the combination of Gps, helicopter, and ground survey
techniques to verify photo interpretation, can be used in
other remote and/or inaccessible areas to facilitate the gener-
ation of detailed databases vital for the preservation of
unique environments.
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