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ABSTRACT
Four-channel digital multispectral imagery was acquired over Parramore Island,

Virginia, USA, to characterize vegetation communities and model soil and elevation. An
ability to remotely characterize soil conditions and elevation has important implications,
especially where access to an area of interest is restricted or denied, field collection cos

r

-

are prohibitively high, mapping completion times must be minimized, and safety is an
over-riding concern. Flightlines extending from the open ocean to the bayside marshes
were collected at approximately I-meter ground spatial resolution. Detailed field data
were acquired and used to statistically evaluate hypothesized relationships between
vegetation, soil and elevation data. Upon review, statistics suggested there was
association between these variables. Subsequent modeling of predicted soil type, soil
compaction and elevation were tested and the results are quite promising for a barrier
island environment. Image processing was used to remotely characterize the vegetation
communities that served as the predictor variables for soil and elevation.

INTRODUCTION

PROJECT OBJECTIVES

The primary objectives of this study were to: 1) create an accurate vegetation cover map from
high-resolution multispectral airborne imagery, and 2) create predicted soil type and elevation zone
maps that were modeled from the relationships with vegetation classes. Data sources used in this
effort included: multispectral airborne imagery, extensive field data characterizing vegetation and
soils, and centimeter-level GPS information for precise elevation data capture. The results of the
research are applicable to natural resource management of coastal zones and to military tactical
concerns within the littoral zone.

SITE DESCRIPTION

The study site covered the northern portion of Parramore Island, Virginia. One of many
barrier islands along the coastal side of the Eastern Shore of Virginia, the Parramore Island study
site is approximately two kilometers wide and four kilometers long. The two primary landform
zones found within the study area include the coastal beach zone and the dune ridge/valley
complex. The coastal beach zone, located along the surf side (eastern edge) of the island is lacking
in uniform vegetation cover. Frequent and seasonal storm events continually erode the boundary
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of the beach zone and the adjacent maritime forest/dune complex cover types. This heterogeneous
transition area is characterized by dead and dying forest and shrub vegetation standing on highly
mixed layers of sand and rack (i.e., debris). The dune ridge/valley complex is a successive system
of longitudinally oriented upland, sandy dunes dissected by very wet marshes. This coastal
geomorphology, common to many barrier islands throughout Virginia (McCafftey and Duesser,
1990), is formed by the continuous impacts from wind and water. Parramore Island is slowly
receding westward (toward the mainland) as a result of wave action, while coastal currents are
rotating the island by eroding the southern tip and depositing sand at the northeastern tip (Scott,
1991). Parramore Island is part of the Virginia Coast Reserve (VCR), Long-Term Ecological
Research (LTER) system.

IMAGERY ACQUISITION

High spatial-resolution multispectral images were acquired on 29 July 1998 with the
Topographic Engineering Center's Computerized Airborne Multispectral Imaging System
(CAMIS). This lightweight, portable airborne imaging system uses a four-camera CCD fitted with
25 nanometer bandpass interference filters centered at 450,550,650, and 800 nm. Each of the
four progressive scan cameras acquires 8-bit frames with dimensions of 582 by 782 pixels. With
an internal GPS receiver and an active antenna, the center pixel of each frame is tagged with a
geographic coordinate. The CAMIS was flown in a Cessna 172. A total of 60 CAMIS frames
were acquired over six east-west flightlines with 60 percent overlap and 30 percent sidelap. At an
altitude of approximately 1920meters agl, nominal spatial resolution was one meter.
Post-processing of the frames included: radiometric corrections for vignetting, scene darkening,
frame-to-frame histogram normalization, and creation of a mosaic. The mosaic was registered to

a base map of Parramore Island using a 2ndorder polynomial transformation and 6 photo
identifiableGPSpoints(RMSE~ 10m).

FIELD DATA COLLECTION

Detailed vegetation and soils characterization information were collected during May,
August, and December 1998. Detailed descriptions of the species composition within the
herbaceous, understory, and overstory layers were acquired using fixed-area plots. Soil
compaction measurements, quantified in pounds per square inch (psi), were determined at
successive 7.5 cm intervals from the surface to approximately 45 cm using a soil penetrometer. A
qualitative soil description within each plot provided information concerning depth and character
of the organic layer, the A horizon, and the underlying sand. Three representative soil compaction
and soil description samples were acquired at each plot location. Centimeter-level differentially
corrected GPS positions were also recorded at each plot.

RESULTS

FIELD DATA DESCRIPTIONS

Vegetation Data

The bay-side salt marsh community was characterized by both the tall and short forms of

.,.



smooth cord grass (Spartina alterniflora). These areas along the western shore of Parramore
Island are tidal and are therefore regularly inundated. The valleys within thefdune complex support
a different species of cord grass (Spartina patens). These areas are less influenced by daily tides.
Homogenous stands of cattails (Typha angustifolia) were also recorded within the inland marshes.
The ridges within the dune system support maritime forest dominated by loblolly pine (Pinus
taeda), with a less frequent codominant component of black cherry (Prunus serotina), southern red
cedar (Juniperus silicola), and holly (flex opaca). The transition zone between the low, inundated
cord grass marshes and the sandy forest ridges include two distinct shrub/scrub vegetation
communities. The low density shrub type is characterized by the presence of low « one meter) to
moderately (~two meters) high, widely spaced marsh elder (Ivafrutescens) and groundsel-tree
(Baccharis halimifolia). The herbaceous component ofthe low density shrub community includes
cord grass and cattails. The high density shrub community is characterized by the transition of the
elder and groundsel-tree to taller (> two meters) and more closely spaced wax myrtle (Myrica
cerifera). As the shrub canopy becomes more dense the herbaceous layer of cord grass and cattails
disappears. Widely scattered patches of reed (Phragmites australis) exist at the transition zone
between the marshes and the shrub/scrub communities. With dense stands to three meters in
height, the homogenous reed vegetation type has no associated codominant species and a sparse to
absent herbaceous layer of cord grass. Greenbrier (Smilax spp.) is common within both the
shrub/scrub and maritime forest communities and in some areas within the shrub types has covered
the woody vegetation to become the dominant species. Dune grasses (Ammophila spp.) exist
within the coastal dunes of the sandy beach zone. The above description of the species
compositions suggests eight distinct vegetation communities, compiled from a field data set with
78 records compiled from three (May, August and December) 1998 sample periods. Vegetation
classes include:

1.
2.
3.
4.
5.
6.
7.
8.

Spartina alterniflora - smooth cord grass,
Spartina patens ~ cord grass,
Typha angustifolia - cattail,
Phragmites australis - reed,
Ammophilaspp.-dunegrasses,
IvafrutescensandBaccharishalimifolia- lowdensityshrub/scrub,
Myrica cerifera - high density shrub/scrub, and
Pinus taeda - maritime forest.

The vegetation data were rank ordered from the short marsh cordgrasses through to the drier
dune grasses, into the transitionary shrub/scrub communities, and ending with the maritime forest
community. Rationale for ranking vegetation classes came from an estimate of percent cover
differences within the classes and observed patterns of vegetation spatial behavior between the
classes. '

Soil Data

The soil observations from each plot, including the qualitative descriptions and the
quantitative soil compaction measures were analyzed. Four unique soil categories were defined,
including:

1. Saturated, fibrist and saprist epipedon surface over a saturated grayish sand, with no
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