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Potential Benefits of New Satellite 
Sensors to Wetland Mapping 

Given large homogeneous land-cover categories, the Landsat TM and 
MSS sensors provide comparable classification performance values for , wetland community mapping 

INTRODUCTION the new data. Specifically, a two-part study was ini- 
tiated to compare Thematic Mapper Simulator (TMS) 

0 N 16, JULY 1982, the most r e c e n t o f ~ ~ s ~ ' ~  remote data with simulated multispectral scanner (MSS) 
sensing systems, the Thematic Mapper (TM), data. To accomplish this, the study examined the 

was launched on the Landsat-4 satellite. The sen- potential utility of Thematic Mapper data for iden- 
sor's spectral, spatial, and radiometric characteris- t*ing wetland plant communities along the eastern 
tics are expected to provide resource managers with shore of the Chesapeake Bay. In the first stage of 

ABSTRACT: The potential utility of NASA's recently launched Thematic Mapper re- 
mote sensing system is evaluated. Simulated Thematic Mapper data are compared 
with simulated multispectral scanner data to determine if satellite digital data from 
the Thematic Mapper will offer (a) a more powerful tool than the multispectral 
scanner for wetland mapping and (b )  if spectral advances on the Thematic Mapper 
will in fact improve discrimination among wetland cover types. 
Data were collected using NASA's NS-001IMS Thematic Mapper Simulator. The 
spectral, spatial, and radiometric characteristics of the Thematic Mapper were 
examined separately. The comparison of simulated multispectral scanner and The- 
matic Mapper data resulted in comparable classification pe7fomnance values for 
large homogeneous areas. 
Examination of the discrimination capabilities of the Thematic Mapper indicated 
that the infrared wavelength region from 1.0 to 1.3 pm, which is available on the 
Thematic Mapper Simulator but not the actual Thematic Mapper, had the greatest 
discriminatory power for the six cover types examined. A distinct separation also 
occurred between low marsh and high marsh species in the middle infrared band 
(TM~). This property of the Thematic Mapper should assist in the inventory of 
wetland habitats using remotely sensed data. 

the most sophisticated satellite imagery available for the study, TM spectral (visible, near infrared, and 
public use. Prior to launching the TM, NASA scien- middle infrared only), spatial, and radiometric char- 
tists examined data simulated to match TM charac- acteristics were examined separately to determine 
teristics in order to determine what improvements which of these characteristics, when compared to 1 in land-cover identification can be expected from the current capabilities of the MSS, improved wet- 

land mapping accuracy. The second part of the study 
* Currently a Scientific Consultant located in clemson, was a cioier examination of the spectral character- 

South Carolina. istics of the TM (excluding the thermal channel) for 
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determining which wavelength bands would pro- 
vide the greatest discrimination among two specific 
wetland plant communities: low marsh and high 
marsh. 

The usefulness of satellite data for wetland map- 
ping is documented in a number of studies (Carter, 
1978; Ernst and Hoffer, 1979; Carter and Rich- 
ardson, 1981). These authors and others have dem- 
onstrated that broad wetland communities can be 
identified using data from the Landsat multispectral 
scanner. Moreover, a recent study of wetland 
canopy spectral reflectance using Landsat MSS wav- 
ebands has shown a high correlation between MSS 
Band 4 (0.5 to 0.6 ym) and MSS Band 5 (0.6 to 0.7 
ym) and live vegetation in both low marsh and high 
marsh plant communities (Bartlett and Klemas, 
1982). These authors also found that infrared re- 
flectance displayed significant dependence on 
canopy parameters such as biomass and height. This 
and other wetland studies indicate a good potential 
for spectral discrimination of plant communities 
from satellite sensors as the optical properties of 
these communities are better understood. How- 
ever, spatial, spectral, and radiometric constraints 
limit the operational utility of Landsat MSS data for 
wetland community mapping. The technological im- 
provements of the Landsat Thematic Mapper 
promise to make satellite digital data a more pow- 
erful tool for wetland inventory work. 

TM, MSS, AND TMS CHARACTERISTICS 

Numerous publications have documented the 
current configuration and resolution capabilities of 
the Landsat-4 Thematic Mapper and how these 
sensor characteristics were determined (Morgen- 
stem et al., 1976; Salmonson and Park, 1979; Dot- 
tavio and Williams, 1982). In comparison to the MSS 
(Table l), the TM provides seven narrower spectral 

bands, increases the spatial resolution of the visible, 
infrared, and thermal bands, improves radiometric 
sensitivity, and increases the number of quantiza- 
tion levels. 

In order to simulate TM and MSS data for this 
study, an aircraft scanner, the NS-0011MS Thematic 
Mapper Simulator, was used. The scanner is carried 
on a C-130B aircraft and was developed at the 
Johnson Space Center. The optical system of the 
TMS 

"...is designed to image a 2.5-milliradian instanta- 
neous field of view (IFOV) of the ground simulta- 
neously onto eight discrete detectors, each covering 
a fixed wavelength band. These bands correspond to 
the Landsat-4 TM bands. An extra (eighth) band, 
which covers the 1.00 to 1.30 p,m region, is also in- 
cluded in the NS-001lMS scanner system. A rotating 
mirror scans the IFOV over a 100' angle across the 
ground track of the aircraft. The radiometric sensi- 
tivity of each band meets or exceeds specifications of 
the Landsat-4 TM, and the data are quantized to 256 
levels. Aircraft roll is sensed by a gyro that generates 
an error signal to correct for roll (2 15"). Spatial res- 
olution is controlled by aircraft altitude. Considering 
the 2.5-milliradian IFOV and the altitude above the 
ground of about 6.1 kilometers (20,000 ft), this results 
in a nominal resolution cell of 15 by 15 m at nadir" 
(Dottavio and Williams, 1982). 

A Zeiss camera with a 15-cm focal-length lens is 
operated simultaneously with the TMS to provide 
supplemental aerial photographs. Mare detail on 
the TMS can be found in Richard et al. (1978). 

Thematic Mapper Simulator data were collected 
27, August 1980 at approximately solar noon at a 
nominal resolution of 5.0 metres at nadir. All of the 
eight TMS spectral channels were operational during 

Thematic Mapper Multispectral Scanner 
TM (Subsystem MSS) 

Radiometric Radiometric 
Micrometres Sensitivity (NEAP) Micrometres Sensitivity (NEAP) 

Spectral band 1 0.45-0.52 
Spectral band 2 0.52-0.60 
Spectral band 3 0.63-0.69 
Spectral band 4 0.76-0.90 
Spectral band 5 1.55-1.75 
Spectral band 7 2.08-2.35 
Spectral band 6 10.40-12.50 
RFOV 

Data Rate 
Quantization Levels 

(Source: Dottavio and Williams, 1982). 

0.8% 0.5-0.6 0.57% 
0.5% 0.6-0.7 0.57% 
0.5% 0.7-0.8 0.65% 
0.5% 0.8-1.1 0.70% 
1.0% 
2.4% 
0.5K (NEAT) 
30M (Bands 1-5, 7) 82M 
120M (Band 6) (Bands 1, 4) 
85 MBlS 15 MBlS 
256 64 
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TABLE 2. DESCRIP~ON OF DATA SETS GENERATED FROM RAW NS-001IMS AIRCRAFT SCANNER IMAGERY TO STUDY 
INCREMENTAL IMPROVEMENTS OF TM OVER MSS 

- - - -  

Spectral Spatial Radiometric 
Data Set Name Channels Resolution Resolution 

(1) TM Simulation TM 1 (0.45-0.52 pm) 30 m 8 bit 
TM 3 (0.63-0.69 pm) 
TM 4 (0.76-0.90 pm) 
TM 5 (1.55-1.75 pm) 
TM 7 (2.08-2.35 pm) 
TMSIR (1.0-1.30 pm) 

(2) MSS Simulation TM 3, TM 4, TMSIR 
(MSS 5) (MSS 6) (MSS 7) 

TM 1, TM 3, TM 4, 
TM 5, TM 7, TMSIR 

TM 3, TM 4, TMSIR 

6 bit 

(3) TM SpectraYMSS 6 bit 
Spatial and Radiometric 
Simulation 

(4) TM SpatiaVMSS 6 bit 
Spectral and Radiometric 
Simulation 

(5) TM RadiometricIMSS TM 3, TM 4, TMSIR 60m 8 bit 
Spectral and Spatial 
Simulation 

(2) Geometric Correction. Table 2 were classified using standard image pro- 
(3) Degradation of Data. Using the spatial resolution cessing techniques. 

degradation filter, the raw scanner data were re- After acquisition and preprocessing of the re- 
duced to 60-m resolution. motely sensed data, training statistics were devel- 

(4). Red~ction of Spectral ZhInds. Aircraft scanner oped separately for each data set. The training tech- 
wavelength bands that were not similar to those 
on board the Mss were eliminated from the data nique used to generate these spectral statistics were 
set. fierefore, the following spectral channels similar to the multicluster-blocks approach de- 
were m a i n t a i n e d : ~ ~ ~  (0.63 to 0.69 pm), TM4 (0.76 scribed by Fleming and Hoffer (1977). This training 
to 0.90 km), and TMSIR (1.00 to 1.30 km). technique involves selecting spectrally heteroge- 

(5). Reduction of Radiometric Resolution. The air- neous areas (i.e., data blocks) and applying a clus- 
craft scanner data were reduced from 8-bit data tering algorithm to the* areas to obtain a number 
to 6-bit data by dividing each pixel digital count of spectrally distinct classes. These classes are then 
by 4 and truncating. identified using ground reference information, and 

Processing steps 4 and 5 were achieved using pro- the statistics for similar classes are pooled to create 
grams available on the ESLIInteractive Digital a final statistics file that describes separable infor- 
Image Manipulation System (IDIMS) software mational classes. Fleming and Hoffer found this pro- 
housed on an HP-3000 minicomputer at the NASA cedure to be the most effective in terms of analyst 
Goddard Space Flight Center (ESL, 1980). efficiency, computer time, and classification perfor- 

In addition to the simulated multispectral scanner mance. All analyses were completed using the ESW 
data set, three other image sets were generated IDIMs software. 
from the raw aircraft data. Each data set was iden- For each of the five data sets, the following six 
tical to simulated MSS imagery in all but one of the land-cover types were identified: 
following sensor characteristics: (1) spatid resolu- Agricultural land 
tion, (2) spectral resolution, and (3) radiometric res- Upland forest 
olution. Table 2 lists all of the data sets that were ~ ~ ~ k i ~ h  low marsh (spa alterni,ra) 
generated from the NS-0011MS Thematic Mapper Brackish high marsh I (Sp. patenslD. spicata) 
Simulator data. All of these data sets were used to Brackish high marsh I1 (Scirpus spp . )  
study the incremental improvements afforded by Water 
the TM'S improved spectral, spatial, and The statistics for each of the informational classes 
resolution. identified above were used in a maximum likelihood 

procedure to classify the respective data set from 
Table 2.* After each data set was classified, perfor- 

COMPARATIVE ANALYSIS OF SIMULATED DATA SETS mance evaluations were initiated. 
CLASSIFICATION OF DATA SETS * The brackish high marsh I and I1 cover types were 

TO evaluate which technical improvement in the combined into a brackish high marsh category. The un- 
Thematic Mapper System will have the most impact equal cell sizes created by this combination was accounted 
on wetland mapping, the five data sets described in for in the statistical analysis by weighting the variables. 



TABLE 3. PERCENT CLASSIFICATION PERFORMANCE FOR EACH COVER TYPE AND EACH DATA SET 

a. TM Simulation 

Classified Cover Type 

Actual Ground Upland Brackish Brackish 
Cover Type Agriculture Forest High Marsh Low Marsh Water 

Agriculture 83.3% - 16.7% - - 
Upland Forest 3.3% 93.4% 3.3% - - 
Brackish High Marsh 25.0% 11.7% 46.7% 13.3% 3.3% 
Brackish Low Marsh - 26.7% 13.3% 50.0% 10.0% 
Water - 3.3% - - 97.0% 

Overall Performance = 69.4% 

b. MSS Simulation 

Classified Cover Type 

Actual Ground Upland Brackish Brackish 
Cover Type Agriculture Forest High Marsh Low Marsh Water 

Agriculture 63.4% 3.3% 33.3% - - 

Upland Forest - 90.0% 6.7% 3.3% - 
Brackish High Marsh 15.0% 5.0% 51.7% 25.0% 3.3% 
Brackish Low Marsh 6.7% 13.3% 10.0% 60.0% 10.0% 
Water - 3.3% - 20.0% 76.7% 

Overall Performance = 65.6% 

c. Spectral Simulation 

Classified Cover Tvue 

Actual Ground Upland Brackish Brackish 
Cover Type Agriculture Forest High Marsh Low Marsh Water 

Agriculture 90.0% - 10.0% - - 

Upland Forest 3.3% 90.0% 3.3% 3.3% - 
Brackish High Marsh 20.0% 6.7% 55.0% 11.7% 6.6% 
Brackish Low Marsh 3.3% 26.7% 13.3% 40.0% 16.7% 
Water - 3.3% - 6.7% 90.0% 

Overall Performance = 70.0% 

d. Spatial Simulation 

Classified Cover Type 

Actual Ground Upland Brackish Brackish 
Cover Type Agriculture Forest High Marsh Low Marsh Water 

Agriculture 86.7% - 13.3% - - 
Upland Forest 3.3% 80.0% 3.3% 13.3% - 
Brackish High Marsh 21.7% 6.7% 53.3% 18.3% - 

Brackish Low Marsh 10.0% 23.3% 3.3% 56.7% 6.7% 
Water - - - 10.0% 90.0% 

I 
Overall Performance = 70.0% 

e. Radiometric Simulation 

Classified Cover Type 

Actual Ground Upland Brackish Brackish 
Cover Type Agriculture Forest High Marsh Low Marsh Water 

Agriculture 66.7% - 33.3% - - 

Upland Forest 3.3% 93.4% 3.3% - - 

Brackish High Marsh 11.7% 3.3% 55.0% 26.7% 3.3% 
Brackish Low Marsh 6.7% 16.6% 6.7% 60.0% 10.0% 
Water - 3.3% - 20.0% 76.7% 

Overall Performance = 67.8% 

603 
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A stratified random sample of 180 pixels (30 pixels 
per class) was selected from each data set, and the 
pixel location was noted on the ground reference 
information. Boundary pixels were discarded and 
replaced by homogeneous pixels. The actual land- 
cover class for each pixel was compared to the clas- 
sified image and tallied to generate a confusion ma- 
trix for each data set. The confusion matrices were 
then used to determine the classification perfor- 
mance of each simulated data set. 

A two-way analysis of variance (ANOVA) was used 
to test for significant differences among data sets and 
cover type classification. Percent classification per- 
formance was used in the analysis. To insure that 
the data were approximately normally distributed 
and would conform to the basic assumptions of the 
analysis of variance, an arcsine transformation was 
applied to the percentage figures. The interaction 
term was tested against the variance of the angular 
(arcsine) transformation and found to be insignifi- 
cant. The sums of squares for interaction between 
data set and cover type were then combined with 
the error term. A detailed discussion of the two-way 
ANOVA and interaction test is given in Langrebe et 
al. (1976). 

Table 3 lists the percent classification perfor- 
mance for each of the five simulated data sets. Note 
that the overall classijkation perfbmnce does not 
vary significantly from one data set to another, al- 
though slightly higher performances are achieved 
from the TM and spatial resolutions. This observa- 
tion is further substantiated by the results of the 
two-way ANOVA (see Table 4). However, there are 
significant differences in performance among cover 
types; that is, some cover types are classified better 
than others regardless of data set. 

SPECTRAL DISCRIMINATION AMONG WETLAND 
COVER TYPES 

The previous analyses indicated that little, if any, 
improvement in identifying broad cover type classes 
can be expected from Thematic Mapper data as 
compared to the MSS. However, for both MSS and 
TM data, differences in discrimation among cover 
types is evident. Therefore, to determine if the TM 
spectral advances will in fact improve discrimination 
among wetland cover types, statistical analyses were 
used to examine the TM spectral bands in relation 
to the six major cover types found in the Dorchester 
County study site. 

A stepwise discriminant analysis was run on a 
stratified random sample of pixels from the TMS data 
set (Dixon and Brown, 1979). The purpose of the 
stepwise procedure was to separate the six known 
cover types (i.e., agriculture, forest, Sp. alterni- 
flora, Sp. patenslD. spicata, Scirpus spp,  and 
water) by their spectral characteristics. Each class 
contained 30 pixels that had been previously iden- 
tified on the wetland type maps and current aerial 
photos. The spectral response values of each of the 

TABLE 4. RESULTS OF TWO-WAY ANOVA TO TEST  mi^ 

SIGNIFICANCE OF SIMULATED DATA SETS AND COVER TYPE 
ON CLASSIFICATION PERFORMANCE 

Source of Degrees of Mean F at 
Variation Freedom Square F Value a = 0.05 

Data Set 4 0.0075 0.536 3.01 
Cover Type 4 0.2575 18.39* 3.01 
Interaction 

& Error 16 0.014 

* = significant effect 

TM simulator wavelength bands for each point were 
used to compute sample statistics to serve as esti- 
mates of the population parameters. 

Separation of cover types of spectral-response 
patterns was achieved in the statistical analysis by 
deriving linear combinations (discriminant func- 
tions) of the TMS bands that provided the greatest 
discrimination among classes. A stepwise procedure 
was chosen so that individual bands would be se- 
lected and placed into the linear function in order 
of the band's decreasing discriminating power. That 
is, at each step in the procedure, the band that max- 
imized the separation between classes, while mini- 
mizing the multiple correlation among the bands 
selected in the previous step, was included in the 
derivation of the linear discriminant function. 

nb le  5 lists the sequence in which the Thematic 
Mapper Simulator bands were selected by the dis- 
criminant function. The Wilks-Lambda is a measure 
of the discriminating power provided by each vari- 
able in the discriminant function. 

In the discriminant analysis, the TMS band which 
is not found on the actual Thematic Mapper (TMSIR) 
was identified as having the greatest discriminatory 
power for the cover types examined. This result 
would suggest that the infrared wavelength region 

TABLE 5. SUMMARY TABLE FOR STEPWISE 
DISCRIMINANT ANALYSIS 

Step Variable Wilk's A Wilk's 
Number Entered Lambda Lambda 

1 TMSIR* 0.1925 - 
(1.0-1.3 pm) 

2 TM 4 0.1236 0.0689 
(0.76-0.90 pm) 

3 TM 5 0.0764 0.0472 
(1.55-1.75 pm) 

4 TM 3 0.0568 0.0196 
(0.63-0.69 pm) 

5 TM 7 0.0469 0.0099 
(2.08-2.35 pm) 

6 TM 1 0.0402 0.0067 
(0.45-0.52 pm) 

* TMSIR is an inbared band on the Thematic Mapper Simulator (NS- 
0011MS) not found on the actual Thematic Mapper. 
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Frc. 2. Spectral response pattern of six major cover types 
found along the Chesapeake eastern shore. 

from 1.0 to 1.3 Fm should be considered for future 
satellite sensors. 

The second, third, and fourth spectral bands se- 
lected by the discriminant analysis are TM4, TM5, 
and TM3, respectively. This result agrees with ear- 
lier studies of forest communities which showed that 
optimum separation of cover types is achieved by 
classifying multispectral data having at least one 
band from each of the major regions of the electro- 
magnetic spectrum (visible, near infrared, and 
middle infrared) (Hoffer et al., 1975; Dottavio and 
Williams, 1982). 

The ability of TM4, TM5, and T M 3  to discriminant 
among the six land categories under examination is 
also apparent when the spectral response patterns 
of each of the cover types are charted (Figure 2). 
Figure 2 is composed of a series of graphs which 
show the mean spectral response, plus or minus one 
standard deviation, for each cover type in the near 
infrared, middle infrared, and visible portion of the 
spectrum. Of particular interest is the clear sepa- 
ration between low marsh and high marsh species 
in the middle infrared band (TM~). This clear sepa- 
ration may be the result of a greater amount of water 

associated with low marsh species, and can be 
readily exploited when discriminating among wet- 
land plant communities using the improved The- 
matic Mapper sensor. 

In this study, a number of the advantages and 
limitations that can be expected from the Landsat- 
4 Thematic Mapper for wetland community map- 
ping were identified, including 

(1) Given large homogeneous land-cover catego- 
ries, the TM and MSS sensors provide comparable 
classification performance values for wetland com- 
munity mapping; and 

(2) The spectral study of wetland communities 
using Thematic Mapper bands which are available 
on the Landsat-4 satellite demonstrates that the 
middle infrared wavelength region provides a clean 
separation between brackish low marsh and 
brackish high marsh communities. It would appear 
that the increased number of spectral bands may 
improve wetland mapping capabilities. Future re- 
search on the TM should follow patterns established 



for the MSS in which ancillary data sets and mul- 
titemporal data are combined with TM data to pro- 
vide greater separation among cover types. 
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