
ABSTRACT: A Landsat Thematic Mapper image was used to quantify and map the distribution of live aerial biomass of
the dominant grass Spartina alterniflora Loisel in a Delaware salt marsh. Total S. alterniflora live aerial biomass for the
marsh was estimated from satellite-gathered radiance data to be 1.70 x 109 g dry weight (gdw) distributed over 580 ha,
for a mean of 294 gdw/m2 (one standard deviation of the mean = 76 gdw/m2). Such biomass estimates were within 13
percent of those derived from ground-gathered radiance and harvest data.

Quantification of Biomass of the Marsh Grass
Spartina a/fernif/ora Loisel Using Landsat
Thematic Mapper Imagery
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MATERIALS & METHODS

FIG. 1. Location of the four lOom by lOom S. alterniflora plots
(numbered 1 to 4) and the four SSGTS (L = Lawn, C = Corn
Field, B=Bare Field, and P=Pea Field).

FIELD WORK

During mid-May and early June 1985, four plots 70 m by 70
m in size were established in the Great Marsh near Lewes,
Delaware (Figure 1). These particular sites were selected be­
cause they were spatially homogeneous areas of S. aLterniflora
located in different parts of the marsh. The plots were estab­
lished at least 30 m from major creeks and away from areas
dominated by other vegetation types to ensure that the corre­
sponding pixels on TM imagery would include primarily S. al­
terniflora. In each plot, stakes were placed at 10 m intervals in
a grid pattern. In August, the exact location of these plots was
recorded based on color infrared photographs and distances
from major landscape features so that the plots could be located
on the TM image.

the dominant salt marsh plant along the U.S. east coast (Rei­
mold, 1977), that differed by only 10 percent from harvest es­
timates (Hardisky et aI., 1984). This paper reports on the use of
a TM image to quantify the distribution of S. alterniflora live
aerial biomass in a Delaware salt marsh.

INTRODUCTION

M UCH RECENT RESEARCH has been focused on attempting
to understand global biogeochemical cycling and to con­

struct budgets of various chemical substances and elements
(Abelson, 1986; Badhwar et aI., 1986; Bartlett, 1984; Bates et aI.,
1986, Harriss et aI., 1985; Lashof, 1986; Matthews and Fung,
1986; Steudler and Peterson, 1984). The success of such efforts
will depend in large part on the ability to obtain large-scale,
accurate measurements of numerous variables that vary spa­
tially and temporally (e.g., sea surface temperature, concentra­
tion of atmospheric gases, vegetation biomass, and productivity).
The only practical way of gathering such measurements is to
use remote sensing. Tucker et al. (1985, 1986) were the first to
publish continental or global-scale maps of greenness or bio­
mass from satellite data. They used data from NOAA AVHRR
(Advanced Very High Resolution Radiometer) satellites that have
a spatial resolution of only 1 km or 4 km, but image every point
on the surface of the earth daily. While such global estimates,
derived from coarse spatial resolution imagery, are very im­
portant in themselves, our understanding of observed global
trends and why they are occurring can be improved by studying
the biomass dynamics of selected individual plant populations
or communities. This is best accomplished using satellites with
spatial resolution sufficient to allow one to monitor changes that
are occurring on a small spatial scale. Both the Landsat The­
matic Mapper (TM) and the French satellite SPOT (Systeme Pro­
batoire d'Observation de la Terre) have spatial resolutions (30
m and 20 m, respectively) that are well-suited for this purpose.

Salt marshes are generally thought to be among the most
productive naturally occurring plant communities and to play
a major role in global biogeochemical cycling (Bartlett, 1984).
Bartlett (1976, 1979) determined that green biomass of wetland
grasses was strongly correlated with the near infrared/red re­
flectance ratio. Bartlett and Klemas (1980) compared salt marsh
vegetation biomass estimated from Landsat MSS data to biomass
estimated from a limited number of harvested samples and found
good agreement between the two data sources. Their results
suggested that satellite data would be useful for estimating marsh
biomass. Hardisky (1982, 1984) developed regression equations
to predict biomass from spectral data collected using hand-held
radiometers simulating Landsat TM bands, 3, 4, and 5. These
equations were used to obtain remote sensing estimates of net
aerial primary productivity (NAPP) of Spartina alterniflora Loisel,
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The day preceding the 20 June 1985 Landsat overpass, several
large (at least 70 m by 70 m) homogenous non-marsh targets,
hereafter referred to as satellite-synchronous ground targets, or
SSTGs, were chosen. The SSGTs were a pea field, a corn field,
the University of Delaware Cannon Laboratory lawn, and a bare
field of dry soil, all located within 5 krn of the Great Marsh
(Figure 1). These sites were chosen because they were large
enough to be identifiable on satellite imagery without being
composed of mixed pixels, were close to the marsh being stud­
ied, and were spectrally different from each other. The morning
of 20 June was cloudless, and Landsat 5 was scheduled to pass
over the Lewes area at approximately 1110 Eastern Daylight
Savings Time (EOST). Beginning at about 1100, three to 15 ra­
diance measurements were collected from each SSGT, as were
two to four measurements of radiance from a Halon-coated panel.
The Halon panel was assumed to be Lambertian. Although this
is not true, the exact deviation of the Halon panel's reflectance
characteristics from those of a Lambertian surface was not known,
so no factors to correct for its imperfect Lambertian character­
istics were applied. These measurements were collected as quickly
as possible in order to obtain the measurements under solar
and atmospheric conditions very similar to those at the time of
the overpass. The SSGT measurements were made by two teams
of investigators, each possessing a NASA GSFC Mark-II hand­
held radiometer (Tucker et aI., 1981) with fiJters matching TM
bands 3 (0.63 to 0.69 IJ.m), 4 (0.76 to 0.90 IJ.m), and 5 (1.55 to
1.75 IJ.m), and a Halon-coated panel (Butner et aI., 1984; Schutt
et aI., 1984). Ground-gathered TM band 5 data were not used in
the experiment. The field-of-view of the radiometer was 24°,
and the radiometer was held at a height such that the ground
area sensed was equal to 0.25 m 2 • Dividing target radiance val­
ues by the panel radiance values in the corresponding bands
yielded reflectance. The purpose of collecting data from these
sites was to formulate equations relating reflectance as mea­
sured on the ground to radiance as measured by satellite, thereby
accounting for atmospheric alteration of upwelling radiance.
The marsh could not be used for this purpose because it is too
spectrally uniform.

Between 1200 and 1400 on 20 June and 1100 and 1400 on 21
June, radiance data were collected from s. aIternifiora canopies
in each of the four 70m by 70m plots in the Great Marsh. Be­
cause one TM pixel covers a ground area of approximately 30 m
by 30 m, or 900 m 2 , each 4900 m2 -plot covered an area the size
of about five and one-half TM pixels. One measurement was
collected every 25 m 2 within each plot, for a total of 196 by 4,
or 784 S. aIternifiora radiance measurements. These measure­
ments were made systematically by sampling the center of each
of the 196 25 m 2 areas comprising a plot. One measurement of
radiance from the Halon panel was taken after every 28 mea­
surements of S. aIternifiora radiance. The S. aIternifiora radiance
data were converted to reflectance values in TM bands 3 and 4.
The canopy corresponding to every thirteenth S. aIternifiora ra­
diance measurement was marked with a labeled stake imme­
diately following the collection of the radiance data. After all of
the radiance data had been gathered, the aboveground vege­
tation within a 0.25 m 2 -area centered around each stake was
harvested. A representative subsample (30 to 40 percent by wet
weight) of each harvested sample was selected for processing.
The subsample was sorted into live leaves, live stems, and dead
tissue, and each component was dried to 60°C to constant weight
and then weighed.

Collecting so many radiance measurements in the marsh was
an attempt to adequately sample the natural variability in each
of the four plots so that the ground radiance data would be
representative of each plot and could be compared to satellite
radiance data. In contrast to the radiance data gathered from
the SSGTs, the marsh radiance data were collected for several
hours on two different days. Consequently, the elevation of the
sun above the horizon varied considerably during the mea­
surement period. Reflectance from marsh grasses, particularly
at red wavelengths (TM band 3), is dependent on solar angle

(M.F. Gross, unpublished data, 1987). This, in turn, causes the
Normalized Difference Vegetation Index (VI; [TM4 reflectance ­
TM3 reflectance]/[TM4 reflectance + TM3 reflectance]), which is
used to estimate biomass from reflectance data, to vary as a
function of solar angle. In order to compare the ground-based
data from the marsh to those collected from the satellite, the
marsh reflectance data were converted to what they would have
been had they all been collected at the solar elevation angle
prevailing at 1110 EOST on 20 June (61.7°), the time of the sat­
ellite overpass. The algorithms used for this transformation to
predicted values were developed from radiance data collected
on 25 and 30 June everyone-half hour between 900 and 1700
from S. aIternifiora canopies similar to those present within the
four marsh test plots. these were the dates closest to the ov­
erpass date for which data could be collected throughout the
day to quantify the effects of solar angle variation on reflec­
tance.

For the harvested samples, S. aIternifiora reflectance data, ad­
justed to 1110 EDST predicted values, were plotted in the form
of a VI against live aerial biomass. From these data, an equation
to predict S. aIternifiora live biomass (in grams dry weight/m2

[gdw/m2 ]) from the VI was developed based on the reduced
major axis (RMA) (Curran and Hay, 1986).

TM IMAGE ANALYSIS· IMAGE RECTIFICATION

An Earth Resources Data Analysis System (ERDAS) was used
to analyze bands 1 to 5 of the TM image. ERDAS Version 7.0,
7.1, and 7.2 software, in addition to University of Delaware­
developed ERDAS-compatible software, was employed. Careful
examination of the water portions of the image revealed the
presence of horizontal stripes in TM band 4. The radiance values
of pixels from adjacent sets of 17 rows varied by two to three
digital numbers (ONS) out of the range of 256 DNs. Striping in
TM bands 1 through 3 and 5 was less than one ON and, therefore,
considered to be insignificant. In TM band 4, three DNs were
subtracted from the sets of rows with the high DNs in order to
lessen the striping effect.

Raw Landsat data are not referenced to any map coordinate
system. To facilitate future use of the Landsat data with other
data types, the"destriped" data were rectified to a Universal
Transverse Mercator (U1M) grid by rotation and pixel resampling.
Pixels were resampled to a 30-m by 30-m size. The transformation
to a VTM grid was accomplished using a cubic convolution
algorithm.

TM IMAGE ANALYSIS· CLASSIFICATION

Following image rectification, a study area corresponding to
the wetlands portion of the Old Mill Creek and Canary Creek
drainage basins was defined. A supervised classification of this
part of the image was performed, using a maximum likelihood
classification algorithm to assign all pixels in the image to one
of ten surface-coverlland-use classes. To verify the accuracy of
the classification, the class to which each of 1,000 of the 14,780
pixels in the study area was assigned by the computer algorithm
was compared to its "true" class. The true class was determined
from field observations and from aerial photographs. Measures
of accuracy employed were Short's Mapping Accuracy Index
(MAT), User's Accuracy, and Producer's Accuracy (Rosenfield
and Fitzpatrick-Lins, 1986; Story and Congalton, 1986). User's
accuracy is heavily influenced by errors of commission
(assignment of pixels not truly belonging to the class in question
to that class), while producer's accuracy is a measure of errors
of omission (assignment of pixels that belong to the class in
question to a different class). Short's MAl is influenced by both
omission and commission errors and is, thus, generally the most
conservative of the three.

TM IMAGE ANALYSIS· COMPARISON OF IMAGE AND GROUND­

MEASURED SPECTRAL DATA

The pixels comprising the SSGTs and the four S. aIternifiora
plots were located on the rectified, destriped image, and the
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TABLE 1. DISTRIBUTION OF STUDY AREA PIXELS AMONG CLASSES AS

DETERMINED BY THE MAXIMUM liKELIHOOD CLASSIFICATION ALGORITHM.

by about 10 percent. Table 3 lists the outcome of applying the
three methods of assessing accuracy to this matrix. Comparison
of user's accuracy with producer's accuracy indicates the rela­
tive severity of omission and commission errors for each class.
The accuracy assessment measures all indicate that the S. alter­
niflora class, which contained the most pixels, was very suc­
cessfully classified. S. alterniflora pixels were, in fact, more
accurately classified than pixels in any other class (based on
Short's MAl). Both omission and commission errors were low.
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531
25
91

323
148
13
68
23

3
105

1,330

Hectares
39.9
1.9
6.8

24.3
11.2
1.0
5.1
1.7
0.2
7.9

100.0

Percent
5,897

279
1,013
3,587
1,648

140
756
253

37
1,170

14,780

Number of PixelsClass
Spartilla aitemiflora
TyphalScirpus
DistichlislS. patells
Trees
BroadleaflBrackish Marsh
Phragmites australis
IvalBaccharis
Water 1
Water 2
SoiVUrban

TM IMAGE ANALYSIS' COMPARISON OF IMAGE AND GROUND­

MEASURED SPECTRAL DATA

Graphs of the mean SSGT reflectance values and the
corresponding mean TM DNs are shown in Figure 3 (for TM band
3) and Figure 4 (for TM band 4). The RMA lines are shown, along
with the equations defining the lines. These equations were
employed to convert the radiance values in bands 3 and 4 on
the TM image to reflectance. The reflectance values were then
transformed into the VI. The real number VI values had to be
converted to integers between zero and 255 for ERDAS to display
them. Therefore, all VI values of less than zero were set equal
to a DN of zero. The remaining VI values (between zero and 1)
were scaled from 1 to 250, such that each DN represented an
increment of 0.004 in the VI (250*0.004 = 1.0).

To test how well the satellite-derived VIs agreed with the
ground-derived VIs for the four S. alterniflora plots, the VIs for
the five pixels representing each of the four plots were recorded,
and the mean VI for each plot was calculated. A comparison of
the mean satellite VI to the mean VI computed from the 196
ground-based reflectance measurements (adjusted for solar angle)
appears in Table 4. Satellite and ground-based means VIs differed
by less than 5 percent for each plot (not significant at p < 0.05).
For both the satellite and ground-based measurements, the mean
VI was highest for Plot 1, followed by Plots 2, 4, and 3.

Each pixel represents 30 m by 30 m, or 900 m 2
, which equals

0.09 ha. Multiplying the number of pixels corresponding to each
DN times 900 m 2/pixel (or 0.09 halpixel) yielded the areal extent
(m 2 ) covered by each biomass level listed in the look-up table
(not shown). Multiplying the areal extent times the biomass
level (m2 *gdw/m2 ) yielded the gdw of live aerial biomass for
each DN. Totaling these numbers for all DNs generated an estimate
of 1.55*109 gdw of live aerial S. aIternifiora biomass distributed
over 527 ha, for a mean of 294gdw/m2 (1.55*109 g/527 ha* 1 hal
10,000 m 2

). The results presented in Table 2 suggest that the
number of S. alterniflora pixels was underestimated by about 10
percent, so a revised estimate would be 1.70*109 gdw distributed
over 580 ha. The mean is assumed to remain constant at 294gdw/
m2

.

The look-up table permitted the breakdown of the DNs into
a manageable, easily visually analyzed number of classes based
on biomass. After considerable manipulation of the number and
boundaries of possible classes, we arbitrarily chose to form six
classes spanning 60g live aerial biomass (except for classes 1
and 6). The choice of these class boundaries facilitated visual
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FIG. 2. Live aerial S. alternif/ora biomass versus the VI (adjusted to
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DNs corresponding to each of these pixels were obtained. For
TM bands 3 and 4, the ground-measured reflectance values for
the SSGTs were plotted against their corresponding DNs. Two
equations based on the RMA were then formulated: one to convert
TM band 3 radiance values as measured by the satellite to TM
band 3 reflectance as measured on the ground, and one to
similarly convert TM band 4 DNs to TM band 4 ground-equivalent
reflectance.

To evaluate the validity of these equations, they were used
to convert the DNs for the pixels representing the four S. alterniflora
plots to reflectance and then to the VI. These Vis were compared
to the mean VI for each plot calculated from the 196 ground­
based reflectance measurements (following adjustment of these
measurements to their 1110 EDST predicted values).

The equations to convert DNs to reflectance values served as
input for a University of Delaware-developed program that
converts DNs from TM bands 3 and 4 of an entire image to
reflectance, and then converts these reflectance values to the
VI. This permits the creation of a one-band image composed
solely of the VI. These VI values are, however, in DN form because
ERDAS can only display integers. A look-up table was then created
to relate the integer DNs, which represent real number VIs, to
their corresponding real number VIs and live aerial S. aIternifiora
biomass values. To compute the live aerial biomass of only the
S. alterniflora areas, it was necessary to "black out" or mask the
VI values for all pixels not classified as S. alterniflora. The result
of this procedure was an image showing the VI for all S. alterniflora
pixels in the study area. Based on the look-up table, biomass
values were then assigned to the VI image to derive an image
displaying S. alterniflora live aerial biomass.

RESULTS

Plotting the adjusted (to 1110 EDST predicted values) VIs ver­
sus biomass for the harvested S. alterniflora samples, and then
calculating the RMA, yielded and equation to predict live aerial
biomass from the VIs (Figure 2).

The number of pixels assigned to each of the surface-cover/
land-use classes chosen for use in classifying the image is listed
in Table 1. Six of these classes (5. alterniflora, Typha/Scirpus, Dis­
tichLis/S. patens, BroadleaflBrackish, Phragmites australis, and Iva
Baccharis) are composed of marsh vegetation. According to the
classification produced by the computer algorithm, 40 percent
of the study area was S. alterniflora. The next largest classes
were Trees (24 percent) and BroadleaflBrackish (11 percent).

The matrix comparing user and computer algorithm-assigned
classes appears in Table 2. The classification algorithm placed
386 pixels into the S. alterniflora class, whereas we placed 423
pixels into the same class. This suggests that the computer al­
gorithm underestimated the true number of S. alterniflora pixels
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TABLE 2. COMPARISON OF COMPUTER ALGORITHM AND USER-ASSIGNED CLASSES OF 1,000 RANDOMLY CHOSEN PIXELS.

User'

Sa Ty OS Tr BB Ph lB WI W2 SU Total

Sa 376 0 4 a 0 0 1 5 0 0 386
C
0 Ty 4 6 0 0 0 0 0 8 0 0 18
M
P OS 7 0 51 1 2 0 10 0 0 0 71
U
T Tr 0 0 0 205 4 0 0 2 0 0 211
E
R BB 4 1 4 47 38 4 4 8 0 0 110

A Ph 0 0 0 6 1 0 0 0 0 0 7
L
G lB 10 0 13 5 6 0 33 0 0 0 67
0
R WI 0 0 0 0 0 0 0 24 0 25
I
T W2 0 0 0 0 0 0 0 2 2 0 4
H
M SU 22 2 5 9 2 3 4 13 0 41 101

Total 423 9 77 273 53 7 52 62 3 41 1,000

'Sa S. alterniflora; Ty = TyphalScirpus; OS = DistichlislS. patens; Tr = Trees; BB = Broadleaf/Brackish; Ph P. australis; lB = IvalBaccharis;
WI = Water 1; W2 = Water 2; SU = SoiVUrban.

TABLE 3. CLASSIFICATION ACCURACY OF THE TM IMAGE.

'User's Accuracy is influenced by commission errors, Producer's
Accuracy is influenced by omission errors, and Short's Mapping Ac­
curacy Index is influenced by commission and omission errors.

Percent Correct'

Percent
Difference

Derived
from

Landsat
TM

VI

Derived
from

Ground-Based
Measure­

mentsPlot'

TABLE 4. COMPARISON OF THE GROUND-BASED AND SATELLITE-DERIVED
ESTIMATES OF MEAN VI IN THE FOUR S. ALTERN/FLORA PLOTS.

1 0.534(0.004) 0.551(0.013) +3.2
2 0.494(0.005) 0.492(0.002) - 0.4
3 0.396(0.005) 0.414(0.012) +4.5
4 0.456(0.005) 0.465(0.007) + 2.0

'For each plot, the listed VIS are the mean of 196 samples for the
solar angle-adjusted ground-based measurements, and the mean from
five pixels for the TM data. Numbers in parentheses are one standard
error of the mean. There were no significant differences between sat­
ellite and ground-derived means for any of the four plots using a t­
test at the 0.05 probability level.
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FIG. 3. Ground reflectance versus satellite radiance for the SSGTS in TM
band 3.

FIG. 4. Ground reflectance versus satellite radiance for the SSGTS in TM
band 4.

detection of trends and patterns of biomass distribution on the
image. The resulting quantified distribution of live aerial S.
alterniflora biomass appears in Figure 5. Biomass generally seemed

to be higher in the Canary Creek Marsh than in the Old Mill
Creek Marsh, and was higher near the heads of the creeks, as
opposed to near their mouths. Large areas of low biomass are



TABLE 5. SUMMARY OF LIVE AERIAL S. ALTERN/FLORA BIOMASS

ESTIMATED FROM THE TM IMAGE.

evident near Plots 3 and 4. The classes, their biomass range,
areal extent, and total biomass are listed in Table 5.
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a very high 87 percent. This resulted from the fact that S. alter­
niflora dominates large contiguous areas. of .t~e marsh. In many
places it is pure or contains only a few mdIvIduals of Salzcorma
spp., S. patens, or Distichlis spicata. As a resul.t of t~ese two
factors (contiguity and purity), the number of mIXed pIXels was
minimized.

A major cause of the poor (other than for the 5.. alter~iflora

class) classification accuracy results (Table 3) was ~IXed'pIXel~.

The primary reason for the existence of many mIxed pIXels IS
that the Landsat TM'S spatial resolution (3D m by 30 m) IS larger
than the typical areal extent of tidal creek water, TyphalSczrpus,
IvalBaccharis, P. australis, and DistichlislS. patens zones. In other
words, in many parts of the marsh, the smallest area the sat­
ellite sensor can resolve is larger than the zones of these land­
cover classes. Normally, one should not attempt to distin~ish

classes that typically occur in patches smaller than several times
the spatial resolution of the sensor. However, we chose to try
to discriminate these classes to assess the type and degree of
errors that would result.

The map of biomass distribution (Figure 5) sho~s ~any low
biomass pixels near the point where the Broadkill River and
Old Mill Creek join. Field observation in the summers of 1985
and 1986 revealed the presence of many dieback areas and salt
pans (depressions mostly devoid of vascul~r plants) in these
locations. This suggests that these areas dram poorly and that
the plants in this section of the marsh are highly stressed. .

The general trend in both Canary Creek Marsh an~ Old Ntill
Creek Marsh for biomass to increase as freshwater mflow m­
creased was expected. In areas wh~re freshwater in~ow is im­
portant, salinity is lower. S alterniflora ~ows best m low or
moderately saline soils (Nestler, 1977; Lmthurst a~d Se~e~a,

1981). All else being equal, growth is inhibited by hIgh salimty
in the marsh areas close to the salty Delaware Bay and Broadkill
River waters. One trend that was unexpected was the generally
higher biomass in Canary Creek M~r~h than in Old Mill Cr~ek
Marsh. This may merely reflect salImty levels. Other pOSSIble
factors that may account for the higher biomass in the ~anary

Creek Marsh include differences in nutrient levels (particularly
nitrogen) and in drainage or tidal flooding and flushing. .

There are no published, verified reports o~ whol: mar~h hve
aerial biomass estimates available for companson wIth thIS one.
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QUANTIFICATION OF BIOMASS OF MARSH GRASS

FIG. 5. Quantified distribution of live aerial S. alterniflora biomass in the Great Marsh, Lewes, Dele.,
on 20 June 1985.
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DISCUSSION

The relationship between radiance (and, therefore, reflec­
tance) and satellite DNs is linear, which is a property of the
Landsat TM system. Hence, in theory, only two points (two
spectrally distinct SSGTS) are necessary to establish the line de­
fining the relationship between satellite-measured radiance and
ground-measured reflectance, and it is valid to extrapolate the
lines shown in Figures 3 and 4 beyond the values sampled. The
scatter observed in these two figures was due to the striping in
the image, some spatial variability in the spectral characteristics
of the SSGTS, and difficulty in identifying pixels corresponding
precisely to the area sampled on the ground. Despite the ex­
cellent correlation between satellite and ground-based mea­
surements of SSGTs in this study, formulation of the RMA lines
would have been made with more confidence if it were based
on eight or ten points rather than on four, as in this study.

Because the success of this study depended heavily on the
accuracy of the S. alterniflora classification, it is fortunate that
that class was the most correctly classified. Based on the most
conservative accuracy assessment, the classification accuracy was

Estimated area covered by S. alterniflora is probably underestimated
by 10 percent, so revised estimates are 1.70 x 10· gdw distributed over
580ha. The mean is assumed to remain constant at 294gdw/m2 •
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Hardisky (1984) did harvest 0.25m2 areas of vegetation at 24
stations within a 22-ha portion of Canary Creek Marsh every
three weeks during 1981. The reported mean live biomass at
his late June sampling was about 330gdw/m2

, a quantity con­
sistent with the results of this study.

An ultimate research objective is to obtain remote sensing
estimates of whole marsh annual net aerial primary productivity
(NAPP). To achieve this objective, remote sensing data must be
acquired at fairly regular time intervals throughout a growing
season. One way to avoid the limitations caused by the infre­
quency of nadir-acquired satellite data is to consider using off­
nadir data. The SPOT satellite has pointable sensors, which means
that coverage of a mid-latitude location can occur 12 times within
a 26-day cycle, while a nadir overpass occurs only once every
26 days. A problem involved with the acquisition of data from
a look angle other than nadir is that the spectral response from
canopies of S. alterniflora (Bartlett et aI., 1986) and other species
(Holben and Fraser, 1984; Kimes, 1984; Ranson et aI., 1985ab;
Shibayama and Wiegand, 1985) can vary substantially with the
look angle of the sensor. Thus, a correction for variation in
reflectance due to look angle would have to be made, intro­
ducing additional error.

Satellites such as the AVHRR offer daily coverage of every
point on Earth, in contrast to the less frequent coverage offered
by Landsat and SPOT. Therefore, the chances of obtaining a
clear weather overpass over a particular site are much better.
However, the spatial resolution of AVHRR data is 1 km or 4 km.
The l-km by l-km pixels are over 1,000 times the size of Landsat
pixels. Consequently, AVHRR satellite data are not useful for
biomass estimation when finer spatial resolution is required.
The AVHRR also has a wide scan angle, so a correction for off­
nadir effects must be made. Tucker et ai. (1985) were able to
successfully predict total dry biomass production in the Sene­
galese Sahel using AVHRR data, but the spatial resolution of
their biomass estimates was limited by the satellite's l-km res­
olution.

CONCLUSIONS

This study has shown that Landsat Thematic Mapper imagery
can be used to accurately estimate the live aerial biomass of S.
alterniflora throughout an entire marsh. The technique described
above could be used in other areas where monospecific vege­
tation dominates areas several times as large as TM pixels. Be­
cause the technique has been proven, there is no need to collect
large numbers of radiance measurements of the vegetation can­
opies (such as our collection of 784 measurements of radiance
from S. alterniflora) for comparison with satellite DNs. Assuming
equations relating the Vegetation Index (VI) to biomass, Leaf
Area Index (LAI), or some other vegetation parameter were de­
veloped prior to the overpass, the only requirement for ground­
truth data collection at the same time as the overpass is the
collection of a number of radiance measurements from large,
homogeneous targets differing spectrally from each other (SSGTS).
This can be accomplished efficiently by two teams of two peo­
ple, each prOvided with a hand-held radiometer and a reflective
panel, collecting data for about one hour. Even at the current
cost of a SPOT or TM image (well in excess of $1,000), this tech­
nique is a very cost-effective and practical means for deriving
accurate, high spatial resolution estimates of vegetation param­
eters over large areas.
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