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ABSTRACT

The Airborne Imaging Spectrometer (AIS) Data Analysis Workshop was held
at the Jet Propulsion Laboratory on April 8 to 10, 1985. It was attended by 92
people who heard reports on 30 investigations currently under way using AIS
data that have been collected over the past two years. Written summaries of 27
of the presentations are in these Proceedings.

Many of the results presented at the Workshop are preliminary because
most investigators have been working with this fundamentally new type of data
for only a relatively short time. Nevertheless, several conclusions can be
drawn from the Workshop presentations concerning the walue of imaging spectro-
metry to earth remote sensing. First, work with AIS has shown that direct
identification of minerals through high spectral resolution imaging is a
reality for a wide range of materials and geological settings. Second, there
are strong indications that high spectral resolution remote sensing will
enhance the ability to map vegetation species. There are also good indications
that imaging spectrometry will be useful for biochemical studies of vegetation.
Finally, there are a number of new data analysis techniques under development
which should lead to more efficient and complete information extraction from
imaging spectrometer data. The results of the Workshop indicate that as exper-
ience is gained with this new class of data, and as new analysis methodologies
are developed and applied, the value of imaging spectrometry should increase.

vi




INTRODUCTION TO THE PROCEEDINGS OF THE AIRBORNE IMAGING
SPECTROMETER (AIS) DATA ANALYSIS WORKSHOP

GREGG VANE and ALEXANDER F. H. GOETZ,
Tgi, Propulsion Laboratory, California Institute of Technology
Pasadena, California 91109 U.S.A.

OVERVIEW OF WORKSHOP AND SUMMARY OF KEY RESULTIS

The AIS Data Analysis Workshop was held at the Jet Propulsion
Laboratory on April 8 to 10, 1983, All investigators who have had a
chance to work with AIS data were invited to attend and give a pro-
gress report on the status of their research. Of the 30 investigators
who currently have AIS data sets, 27 attended the Workshop and made
presentations. An additional 65 people attended who have interest in
high spectral-resolution remote sensing. Of the total 92 attendees,
67 were from organizations other than JPL, including representatives
from Austria, Australia, Canada, India, and Japan. A complete list
of attendees is given in Appendix 1.

Most investigators have had only a relatively short time to work
with AIS dataj hence, many of the results presented at the Workshop
should be considered preliminary. Imaging spectrometer data are of a
fundamentally different nature from all previous types of remote-
sensing data, and before meaningful results can be derived from them,
new analysis methodologies must be developed. The development of new
analysis methodologies in turn requires a certain amount of experience
in working with this new class of data which has only become available
in the past two years. 1In spite of this, several conclusions can be
drawn from the reports presented at the Workshop. These reports are
summarized in these Proceedings. Some of the conclusions are sum-
marized here.

First, direct identification of minerals through high spectral-
resolution remote sensing is a reality. Extensive work has been done
in the hydrothermal alteration zone of the Cuprite Mining District,
Nevada, where the minerals kaolinite, alunite, buddingtonite, and
secondary quartz have been identified through spectral signatures de-
rived from AIS imagery. Mineralogical maps of the Cuprite area have
been produced directly from the AIS data and these maps have been
substantiated by subsequent field work. In the Wind River Basin of
Wyoming, the minerals calcite, dolomite, gypsum, and montmorillonite
have been directly identified through their spectral signatures, and
spectral stratigraphy, or the remote analysis of stratigraphic
sequences, has been accomplished. OH-bearing minerals associated with
sericite alteration in the porphyry copper deposit at Yerington,
Nevada have been identified. The minerals kaolinite and montmoril-
lonite have also been observed directly in AIS data in an area of
altered and unaltered rhyolites and latites in the Hot Creek Range,
Nevada. Serpentinized olivine-bearing soils have been tentatively
identified with AIS spectra and a potential unmapped satellite dike
associated with the Moses Rock diatreme in Utah has been detected.
Also, the ability to discriminate between serpentinized and unserpen-
tinized peridotite has been demonstrated at the Josephine Ophiolite



of southwestern Oregon. This finding was based both on spectral dif-
ferences between the two rock types and spectral differences in the
vegetation growing on the two different rock types. With the wvalue
of imaging spectrometry to mineral identification well demonstrated,
the major effort now is in the development of efficient techniques
for information extraction, and the application of these techniques
to broader geological problems.

In addition to those data analysis methodologies under develop-
ment at JPL, several other approaches to the analysis of high
spectral-resolution remote-sensing data were discussed. A spectral
mixture model is under development at the University of Washington
that makes use of a spectral reference library, which has been used
successfully to identify the origin of spectral variation in AI§
images. The model has been applied to two data sets from Cuprite,
Nevada, and has identified the spectral endmembers characteristic of
the area imaged: playa silt, kaolinite, and alunite. A technique is
also under development in Australia for mineral identification making
use of the wavelength position, intensity, and shape of diagnostic
absorption features. Extraction of the absorption features is dome
by ratioing the spectrum against its '"upper convex hull," which is
defined as the lowest convex curve lying above the spectrum. The
resulting curve, called the "hull quotient," allows the isolation and
extraction of individual features which provide the basis for auto-
matic classification of spectra. The technique has been successfully
applied to airborne spectroradiometer data. At the U.S. Geological
Survey in Denver, analysis techniques under development include the
normalization of spectra to remove albedo and iliumination effects,
and the calculation of reflectance relative to a standard spectrum to
identify minerals. Standard spectral curves are formed by either
calculating the simple average of all spectra along the flight line
or using the low-order terms of a discrete Fourier series to fit each
spectrum along the flight line by employing a fast Fourier transform
method. The techniques used have allowed mineral identification in
an area of hydrothermally altered quartz monzonite and carbonate
rocks in Nevada. Other techniques are under study.

In the vegetation disciplines, the utilization of imaging spec-
trometry has not progressed quite as rapidly, due in part to the fact
that vegetation spectra do not exhibit the wealth of spectral ab-
sorption features that are common in so many minerals. Further,
vegetation spectra are highly variable as a function of time for most
species. Hence, the techniques being developed for mineral identifi-
cation are not always directly applicable. Nevertheless, several
preliminary results were presented at the Workshop which could prove
of great value if confirmed after further study. Variation in the
width and depth of an absorption feature at about 1.19 um has
been found to be related to forest type in the Slate Belt District of
North Carolina. The absorption feature is consistently broader and
gchallower for pine forests than €for -deciduous forests. ~Subtle
features in the near infrared plateau from about 1.18 to 1.31 ym,
and from 1.60 to 1.78 um suggest that high spectral-resolution
data in these regions may be useful in discriminating between corn,
soybeans, and alfalfa. Variations in the slope of the spectral
reflectance curve between 1.4 and 1.9 uym have made it possible to




separate four types of wetland vegetation in the Delaware Bay. In
another study, over Blackhawk Island, Wisconsin, very strong correla-
tions were observed between green wet-canopy weight and AIS data, as
a strong indication of an important protein absorption feature at
1.5 ym was inferred through a strong negative correlation between
the AIS data at that wavelength and the nitrogen concentration and
total nitrogen. Additional evidence of spectral signatures related to
plant biochemistry was found in data acquired near Purdue University,
Indiana, and over the Boreal Forest of Minnesota. The ratio of the
AIS radiance of the ground cover to the radiance of a standard showed
several ramp-like features thought to be due to the biochemical com-
position of the leaf or to the optical-scattering properties of its
cuticle, or a combination of both. The size and shape of the ramps
vary with ground cover, indicating the potential for species discrim-
ination and identification, as well as assessment of health.

Contained in these Proceedings are the summaries of 27 of the
progress reports that were presented at the Workshop. Further details
pertaining to the foregoing synopsis can be found in the summaries.
The meeting agenda is also included in the Proceedings as Appendix 2.
The remainder of this Introduction to the Proceedings is devoted to
an overview of the motivation for high spectral-resolution remote
sensing, a brief discussion on how imaging spectrometry is accom-
plished, a summary of the analysis techniques under development at
JPL, and an overview of the AIS and its operation.

MOTIVATION FOR IMAGING SPECTROMETRY

Imaging spectrometry is defined as the simultaneous acquisition of
images in many narrow, contiguous spectral bands in such a way that a
continuous reflectance spectrum can be reconstructed for each picture
element (pixel) in the scene. The concept is shown diagrammatically
in Figure 1. In the context of the ongoing NASA program at JPL, the
spectral region to which this new approach to remote sensing is being
applied spans the 0.4 to 2.5 micron (um) region at a typical
spectral sampling interval of about 10 nanometers {(nm). The goal of
imaging spectrometry is to make possible the direct identification of
those surface materials which have diagnostic features in their
reflectance spectra. This cannot be done with sensors such as the
Landsat Multispectral Scanner (MSS) or Thematic Mapper (IM) because
of their low spectral resclution.

The physical and chemical characteristics of materials determine
their reflectance and emittance spectra. Laboratory absorption and
reflectance spectra from the ultraviolet to the far infrared have
long been used for analysis and material identification. Although
the two Landsat sensors mentioned above provide spectral information
in several broad bands, this coarse sampling is insufficient to fully
describe the material characteristics that can be determined through
laboratory spectroscopy. This is because the spectral reflectance
and emittance characteristics for surface materials, which are deter-
mined by electronic and vibrational energy states in the materials,
are usually too highly structured to be observed at coarse spectral
resolution.



EACH PIXEL HAS

AN ASSOCIATED,
CONTINUOUS SPECTRUM
THAT CAN BE USED TO
IDENTIFY THE SURFACE

, \\MATERIALS

IMAGES TAKEN
SIMULTANEOUSLY
IN 100-200 SPECTRAL BANDS, 0.4 25

INHERENTLY REGI
GISTERED WAVELENGTH, pm

Figure 1. Imaging spectrometer concept showing a series of spectral images obtained
simultaneously, allowing a spectrum to be derived for each pixel.



The reflectance characteristics short of 1.0 um for minerals
are influenced by the presence of transition metals. Almost all
minerals contain gome iron, and that metal dominates the shape of
most mineral reflectance curves in this spectral region. Charge
transfer bands that are & result of the exchange of electrons between
neighboring metal ions create absorptions in the UV region short of
0.4 uym. The wings of these bands extend into the visible portion
of the spectrum and are responsible for the general increase in
reflectance between 0.4 and 0.8 uym, as shown in Figure 2.
Electronic transitions in the transition elements which result from
energy level changes in the d-shell electrons within the crystal field
of the mineral result in absorption features near 0.9 um, as seen
in spectrums 2 and 3 in Figure 2 between 0.85 and 0.92 um, and
this characteristic, as well as the steep rise in the reflectance
curve in the visible region, is used to identify the presence of
limonite in Landsat images (Rowan et al., 19743 Rowan et al., 1977).

At wavelengths beyond 1.0 um, vibrational features associated
with bound and unbound water become important in determining the re-
flectance spectrum of the material. Major absorption features are
seen at 1.4 and 1.9 um, but there are also strong atmospheric
water bands at these wavelengths, making this region practically un-
useable for remote sensing. Combination bending-stretching overtones
of the fundamental OH vibration at 2.74 um are seen in the region
of 2.1 to 2.4 um. Overtones for 80, and CO3 are also found
in this region. ' Minerals such as alunite, pyrophyllite, muscovite,
kaolinite, montmorillonite, and calcite have uniquely diagnostic
reflectance spectra in this region, as shown in Figure 3.

The use of high spectral-resolution remote sensing for the ident-
ification of minerals began in the last few years with the advent of
remote-gensing instruments that sample at high spectral resolution.
Chiu and Collins (1978) and Collins et al. (1983) have developed an
airborne spectroradiometer with which they have demonstrated the
ability to directly identify clay minerals through the presence of
the overtone bands discussed above. Goetz et al. (1982), using a
10-channel radiometer flown aboard the Space Shuttle Columbia, made
the first direct identification of kaolinite and carbonate rocks from
orbit.

The spectral reflectance for vegetation in the 0.4 to 2.5 um
region is not as highly structured as that for minerals. A typical
reflectance curve for a growing plant is shown in Figure 2. This is
a moderate resolution spectrum (A/AX = 50) which was acquired in the
field (Goetz et al., 1983). The chlorophyll absorption features are
centered at 0.48 and 0.68 um. The absorption at O0.48 uym is
the result of electronic transitions in the carotenoid pigments which
function as accessory pigments to the chlorophyll pigments in the
photosynthetic process. The 0.68 um absorption 1is the result of
electronic transitions in the chlorophyll molecule, centered around
the magnesium component of the photoactive site. The area between
the two absorption features falls within the portion of the visible
spectrum that results in the green color of plants. The steep rise
in reflectance of vegetation beyond 0.8 pum is called the red edge
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of the chlorophyll band (Horler et al., 1980; Horler et al., 1983)
and the slope of the red edge has been related to chlorophyll
concentrations in the leaves (Horler et al., 1983).

The shape of the spectral reflectance curve short of 0.8 um
changes significantly during the time the leaf goes from active photo-
synthesis to total senescence. In actively photosynthesizing plants,
the spectral region most affected by geochemical stress lies between
0.55 and 0.75 um, where the most diagnostic feature is the
position and slope of the red edge (Collins et al., 1981; Horler et
al., 1983). Collins et al. (1982) and Milton et al. (1983) have re-
corded shifts in the red edge of the chlorophyll band toward shorter
wavelengths on the order of 0.007 to 0.01 pm in magnitude in
plants influenced by geochemical stress. An example of this is shown
in Figure 4. An airborne, 512-channel spectroradiometer covering the
0.4 to 1.1 pm region (Chang and Collins , 1983) has been used to
detect 'blue shifts'" of the chlorophyll red edge in both coniferous
and deciduous tree stands growing in soils containing metal sulfides.

The near-infrared plateau is located between 0.8 and 1.3 um.
The high reflectance in this spectral region is characteristic of the
leaf tissue. The infrared plateau is by no means as uniform as its
name implies, but contains potentially diagnostic features that may
be related to both cellular arrangement within the leaf and to
hydration state (Gates, 1970; Gausman et al., 1977; Gausman et al.,
1978). The cellular arrangement within the leaf is genetically
controlled and can therefore potentially be used for separating or
identifying vegetation types (Esau, 1977). Figure 5 shows an example
based on field spectra acquired during the fall foliage peak at Lost
River, West Virginia (Goetz et al., 1983). The species shown can be
separated from one another using the fine structure in the infrared
plateau as well as the reflectance in the 1.6 to 2.2 um regionm,
which is sensitive to leaf water content.

To briefly summarize the preceding discussion, there is consider-
able information in the 0.4 to 2.5 um spectral region which can
only be acquired using high spectral-resolution sensors. For
minerais, the short wavelength infrared from about 2.0 to 2.5 um
is especially rich in narrow absorption features related to vibra-
tional processes, while absorption features due to electronic proces-
ses are found throughout the 0.4 to 2.5 um region. Vegetation
spectra do not differ as dramatically from one to another as mineral
spectra, but they do exhibit spectral features associated with
geochemical stress and leaf cellular structure that require high
spectral-resolution measurements for detection, and work presented in
these Proceedings indicates still' other potentially very useful
applications of high spectral-resolution remote sensing to studies of
vegetation.

HOW IMAGING SPECTROMETRY IS ACCOMPLISHED

Simultaneous imaging in many contiguous spectral bands requires a
new approach to sensor design. Sensors such as the Landsat MSS or TM
are optomechanical systems in which discrete detector elements are
scanned across the surface of the earth perpendicular to the flight
path, the detectors converting the reflected solar photons from each
pixel in the scene into a sensible electronic signal, as shown in

7
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Figure 6(a). The detector elements are placed behind filters that
pass broad portions of the spectrum. The MSS has four such sets of
filters and detectors, while the TM has seven. The primary limitation
of this approach is the short residence time of the detector in each
instantaneous field of view (IFOV). In order to achieve an adequate
signal-to-noise ratio without sacrificing spatial resolution, such a
sensor must be operated in broad spectral bands of 100 nm or greater
or must use optics with unrealistically small ratios of focal length
to aperture (f number).

One approach to increasing the residence time of a detector in
each IFOV is to use line arrays of detector elements as in Figure
6(b). In this configuration there is a dedicated detector element for
each cross-track pixel, which increases the residence or integration
time to the interval required to move one IFOV along track. Such an
experimental two-spectral band instrument, called the modular opto-
electronic multispectral scanner (MOMS), has been flown aboard the
Space Shuttle (Meissner et al., 1983). The French satellite SPOT
(Systeme Probatoire d'Observation de la Terre), which will use line
array detectors, will be launched in 1985 (Brachet, 1981).

There are limitations associated with the use® of multiple line
arrays when each line array has its own spectral band-pass filter.
If all the arrays are placed in the focal plane of the telescope, then
the same ground locations are not imaged simultaneously in each spec-
tral band. If beam-splitters are used to facilitate simultaneous data
acquisition, the signal is reduced by 50 percent or more for each ad-
ditional spectral band acquired in a given spectral region. Further-
more, instrument complexity increases substantially if more than six

~ to ten spectral bands are desired.

Two approaches to imaging spectrometry are shown in Figures 6(c)
and (d). The line array approach is analogous to the scanner aproach
used for the MSS and TM, except that light from a pixel is passed
into a spectrometer where it is dispersed and focused onto a line
array. Thus, each pixel is simultaneously sensed in as many spectral
bands as detector elements in the line array. For high spatial reso-
lution imaging (ground IFOV's of 10 to 30 m), this approach is suited
only to an airborne sensor which flies slowly enpugh that the readout
time of the detector array is a small fractiow of the integratiom
time. Because of high spacecraft velocities, imaging spectrometers
designed for earth orbit require the use of two-dimensional area
arrays of detectors at the focal plane of the spectrometer [Figure
6(d)], obviating the need for the optical scanning mechanism. In
this arrangement there exists a dedicated column of spectral detector
elements for each cross—track pixel in the scene.

The first spaceborne imaging spectrometry of the earth will be
done with the Shuttle Imaging Spectrometer Experiment (SISEX) which
is now underway at JPL (Wellman et al., 1983). The first launch of
SISEX is planned for 1990. Also in the design phase is a High
Resolution Imaging Spectrometer (HIRIS) which has been identified by
NASA as one of the three prime sensors to be placed into polar orbit
in about 1994 on the Space Station Earth Observing System (EOS).
Both SISEX and HIRIS are based on the area detector array approach
described above. While area detector arrays made of silicon are now
available for imaging spectrometry in the visible portion of the

10
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spectrum, infrared area arrays of suitable dimensions for SISEX and
HIRIS are still under development. AIS was designed as an engineering
test bed for the prototype detector arrays that will lead to those to
be used in space. To bridge the time between now and the flight of
SISEX, another airborne instrument is under construction at JPL 'to

provide complete coverage of the visible, near infrared and short- .

wavelength infrared, to provide the necessary data base for -develop-
ing efficient algorithms for analyzing SISEX and HIRIS data. That

instrument 1is the, Airborne Visible/Infrared Imaging Spectrometer

(AVIRIS) (Vane et al., '1984) and will become operational inm 1987 as a
NASA facility instrument.  Its de51gn is based on the ° approach
illustrated in Figure 6(c) in order to achieve a large swath width on
the ground using - currently ava11ab1e detector technology. The
characteristics of these four instruments are summarized in Figure 73
AIS will be discussed further shortly . ‘

ANALYSIS OF+ IMAGING SPECTROMETRY DATA

Just as imaging spectrometry requires new technology for instru-
ments and detectors,ufefféctive utilization of the data requires
-development of new analytic approaches and technlques. The dimension-
ality of imaging *spectrometer data makes it necessary to seek new
analytical methods if dependence on the raw computational power of
~ supercomputers is to be avoided. The experience with AIS tends to
confirm that the nature of imaging spectrometer data leads naturally
to a more deterministic approach to scene analysis. The most compel-
“ling reason for turning to deterministic, as opposed to statistical,
methods of analysis is the fact that imaging spectrometry provides
spectral sampling sufficient to define unique spectral signatures.

The first problem to be addressed in the analysis of these data
is visual interaction with hyperspectral images and their statistical
properties. Current graphics and image display technology allow im-
plementation of a variety of visual exploratory analysis tools. Among
these are the ability to display a time-sequenced projection of the
images in the spectral direction, the ability to have cursor-desig-
nated spectral plots of single pixels or averages' over a spatial
window, and the ability to rapidly locate pixels having similar spec-
‘tral signatures. .In addition, interactively locating and displaying
.spectra from a spectral library for visual comparison and inter—
actively creating spectral data sets from specified regions in the
scene are now possible. Another useful visual enhancement of the
data is the application of ‘an equal energy spectral normalization,
which allows direct comparison of the shapes of spectral curves.

Maniial examination of the spectral 'content of the images by
cursor-designated plotting is a very useful tool. However, . it
becomes ' rather laborious- when one is trylng to locate spectrally
similar units throughout. an entire scene. " To overcome this problem,
a fast spectral-signature matching algorithm has been devised at JPL
that can be used to find all the pixels in a scene having a spectral
signature similar to a specified prototype spectrum. The prototype
can be specified from the image data itself or from a spectral
reference library.  The technique relies on binary encoding of the
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spectral data in order to achieve fast cross—correlation.  for
signature matching. Details can be found in.Goetz et al. (1985).
The algorithm used provides a very fast means of searching a scene
for the location of specific spectral classes and has been used with
success on AIS data (Solomon and Lee, 1985, private communication).

Multispectral scene classification is especially affected by the
dimensionality of the data. The general multispectral classification
. problem is illustrated in Figure 8. The key element in this problem
is finding a feature extraction operator with efficient information-
compression properties. The transformation operator can be linear or
nonlinear but should reduce dimensionality and at the same time pre-
serve the information necessary for identification of the spectral
gignature. One of the traditional transformations used 1is the
Karhunen-Loeve or principal components transformation. However, con-
struction of this transformation requires estimation of the covariance
matrix, and this process would take on the order of 1013 arithmetic
operations for a typical 1l-km-square scene such as will be acquired
by AVIRIS. Clearly, more computationally efficient transformations
are needed for the analysis of imaging spectrometer data.

The nonlinear binary encoding and cross—correlation techniques
discussed above are useful in this context. However, there is a large
class of linear deterministic transformations having fast numerical
implémentations that are obvious candidates as feature extraction op-
erators. Examples include Fourier, Walsh-Hadamard, and Haar (Gonzales
and Wintz, 1979). All linear transforms provide dimensionality re-
duction. However, there remains the question of clustering properties
and similarity measures in the reduced dimension pattern space. The
Walsh-Hadamard transform is particularly attractive from the stand-
‘point of computational speed, since it is even faster than the fast
Fourier transform. Furthermore, early analytic results indicate that
dimensionality reduction of eight-to-one can be -achieved while
maintaining good classification accuracy. This and other transforms
are under study at JPL and elsewhere. :

AIS DESCRIPTION AND OPERATIONS

. _As noted earlier, AIS was designed as an engineering test bed for
use  with prototype, infrared area-detector arrays of the type which
will'be flown in space on SISEX and HIRIS. At the time the instrument
was proposed, it was intended to be flown only a few times, mostly

over geological targets in California and the .southwestern U.S. The

desire to make AIS data as widely available as possible had led to a
much more intensive operation of the instrument. "AIS remains an engi-
neering test bed, however, and data users ought to be aware of the
implications of this. The following summary -is an overview of the
instrument and the changes it has undergone during the past two years.,

The observational characteristics of AIS are summarized in Table
1. A complete description of the instrument can be found in Vane et
al. (1983). AIS operates in the pushbroom' imaging mode described

earlier and illustrated in Figure 6(d).” The foreoptics of the;in~"

- strument consist of a concentric Schwartzchild ‘telescope with a
24-mm-diameter collecting aperture. Light passes' from the foreoptics

'
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Table 1. AIS Performance Characteristics

IFOV

Fov

GIFOV at 6-km Altitude
Swath Width at 6-~km Altitude
Spectral Coverage

Spectral Sampling Interval

Data Rate

Grating Positions
GPOS 0
GPOS 1
GPOS 2
GPOS 3

GPOS 4

1.9 mrad
3.? degrees
V12 meters
400 meters
9.3 nm

128

394 kbps

0.9 to 1.2 um
1.2 to 1.5 um
1.5 to 1.8 ym
1.8 to 2.1 um

2.1 to 2.4 um
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through a slit which defines the cross~track footprint on the ground.
In the spectrometer the light is dispersed with a diffraction grating
and focused on a 32-by-32-element mercury cadmium telluride {HgCdTe)
detector array located inside a dewar containing liquid nitrogen for
detector cooling. The detector array consists of the HgCdTe chip
mated via indium bumps to a silicon charge-coupled device (CCD) which
serves as the multiplexer for reading the signal from the HgCdTe
detector. It is therefore a hybrid detector array. To acquire 128
spectral images with a 32-by-32-element detector array, the grating
is tilted through four positions during the time the aircraft flies
forward one ground IFOV. A sketch and a photograph of the instrument
are shown in Figure 9. - :

The first test flight of AIS was done in November 1982 aboard the
NASA/Dryden C-47 aircraft. A detector array with a 4.7-um-long
wavelength cutoff was used to successfully acquire images in one
grating position or 32 spectral bands at a time. The original design
for the grating drive was inadequate for moving the grating through
the four required positions within the small stepping time allowed.
In December 1982, AIS was installed on the NASA/Ames C-130, on which
it has been flown ever since.

Data were acquired with the original 4.7-um cutoff detector
over several test sites in the southwest U.S. and West Virginia in
late 1982 and early 1983. In. June 1983, a second-generation
32-by-32-element detector was installed that had a 2.5-pum-long
wavelength cutoff. Data collection continued with the improved
detector, and a total of eleven investigators received data sets from
the first season of operation. During the following winter, from
November 1983 to April 1984, a new grating drive was designed and
installed in AIS. Improvements were also made in instrument
calibration with the acquisition of new laboratory equipment for that
purpose. During the 1984 field season from April to October, data
were acquired for an additional 19 investigators in spite of
occasional instrument and C-130 failures and poor weather throughout
the U.S. that year. This past winter, from November 1984 through
April 1985, several additional improvements were made to the
instrument including the removal of systematic noise in the
instrument electronics, and the addition of a2 new boresited Nikon
camera with automatic exposure. The instrument will be flown in this
configuration during the 1985 field season until the next-generation
detector is ready. Work is already under way to convert AIS to a
HgCdTe area array which is 64-by-64 elements in size. The upgraded
instrument should be ready by the end of this season. Further details
of the AIS history can be found in the Airborme Imaging Spectrometer
Science Investigator's Guide; this brief summary serves to make the
point that although AIS is being used in an almost operational mode,
it is still an engineering test bed and changes in the instrument
will continue to be made as technology evolution permits,

By the end of the past: season, some 30 investigators or groups of
investigators had at least one AIS data set. There have been "three
approaches to obtaining AIS data. The first of these is through NASA-
approved RTOP's of proposals which are submitted with a formal flight
request for AIS data. The submission of a flight request with the
proposal is essential for obtaining the necessary flight hour alloca-
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tion on the C-130 for data acquisition. Secondly, several investi-
gators received data during the 1984 season, or have been approved
for data acquisition in the 1985 season, through the ''guest investi-
gator" process in which a limited number of C-130 flight hours have
been given to JPL by NASA for investigators who have not been formally
funded by NASA for data acquisition. The purpose of the 'guest
investigator'" process has been to bring new people into the imaging
spectrometer program. By the end of this season about 20 experi-
menters will have benefitted. The final approach to obtaining AIS
data is to acquire a copy of an existing data set. JPL will send a
copy of a standard 128-spectral-band data set from Cuprite, Nevada,
to arvyne who requests it. Also, with the approval of the principal
investigator concerned, a copy of any other data set that has been
acquired can be provided.

AIS will continue in operation until AVIRIS becomes operational in
1987, NASA does not intend to continue the 'guest investigator' pro-
cess described above for acquiring AIS data, but formal proposals for
data acquisition and analysis are being accepted for the 1986 season
through the standard process. Contact Dr. Robert E. Murphy, Code EE,
NASA Headquarters, Washington, D.C. 20546, (202) 453-1720, . for
details. Results from the 1985 season, as well as results from the
continuing work described in these Proceedings, will be presented at
JPL next spring (1986) in the next AIS Data Analysis Workshop. Also,
a "dear colleague letter" soliciting proposals for AVIRIS data acqui-
sition and analysis will be issued in late 1985 to select those in-
vestigators who will begin working with the first AVIRIS data in 1987.
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MINERALOGICAL MAPPING IN THE CUPRITE MINING DISTRICT, NEVADA

ALEXANDER F. H. GOETZ and VINAY SRIVASTAVA, Jet Propulsion
Laboratory/California Institute of Technology, Pasadena, California
91109, U.S.A.

INTRODUCTION

The Airborne Imaging Spectrometer (AIS) has provided for the first
time, the possibility to map mineralogical constituents in the earth”s
surface and thus has enormously increased the value of remote-sensing
data as a tool in the solution of geologic problems.

The question addressed with AIS at Cuprite was how well could the
mineral components at the surface of a hydrothermal alteration zone be
detected, identified and mapped? The question has been answered posi-
tively as discussed below, and perhaps more importantly a relatively rare
mineral, buddingtonite, that could not have been detected by conventional
means, was discovered and mapped by the use of AIS.

SETTING

The Cuprite mining district straddles U.S. Hwy. 95 approximately
17 km south of Goldfield in southwestern Nevada. The eastern half of the
district studied with AIS is an area of extensive hydrothermal alteration
within a sequence of rhyolitic welded ash flow and air fall tuffs. The
major unit is the 7 my-old Thirsty Canyon Tuff whose source is the Black
Mountain Caldera , 50 km to the southwest (Ashley and Silbermann,
1976). The altered units consist of a central core of almost pure
silica, a ring of opalized rocks containing alunite and kaolinite, and an
outer argillized zone containing mainly kaolinite and montmorillonite as
well as opal and some limonite (Abrams, et al., 1977).

PREVIOUS STUDIES

The Cuprite area has been the focus of remote-—sensing studies for the
last decade. Because of its varied mineralogy and relatively sparse
vegetation cover, a number of spectral remote-sensing studies have been
carried out there (Abrams, et al., 1977; Kahle and Goetz, 1983; Goetz,
et al., 1985). Abrams, et al. (1977) showed that broad-band multispec-
tral imaging, including bands centered at 1.6 and 2.2um, was far superior
in mapping hydroxyl-bearing minerals than those restricted to the region
short of 1.0um, and provided the conclusive evidence that aided in the
decision to include the seventh band (2.08-2.36um) on the Landsat
Thematic Mapper.

Abrams, et al. (1977) found that color ratio composites utilizing the
1.6 and 2,2um bands, in combination with bands at shorter wavelengths,
could be used to delineate the major boundaries in surface mineralogy
very accurately. The mapping was verified by laboratory analysis of
field samples. Although boundaries between units could be mapped accur-
ately, it was not possible to identify ‘the surface mineralogy without
resort to in-situ measurements, Laboratory-like spectral reflectance
measurements are required to identify mineral constituents in the surface
directly. The AIS provides image data at 9.3-nm intervals throughout the
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1.2~2.4um spectral region and has sufficient spectral‘resolution to make
direct mineral identification possible.

AIS DATA ACQUISITION

AIS data over Cuprite, Nevada were first acquired in August 1983.
Two subsequent flights in 1984 covered the areas shown in Fig. 1. The
1983 flight covered a small area extending from south to north across the
southern boundary of the alteration zone. Prominent features are a
bright hill in the center of the coverage shown in Fig. 2a and a bull-
dczed area which shows up very brightly in the northern end of the
coverage. During 1984 the area was reflown, but in order to cover the
same area exactly it was necessary to roll the aircraft approximately
5°. After overflying the bulldozed area, the horizontal attitude was
resumed causing the dogleg seen in Fig. 1.

DATA REDUCTION

On~board data reduction consists of an automatic dark current
subtraction before the data were recorded. On the ground the light
transfer curve derived from laboratory calibration for each of the 1024
detector elements is applied to produce the so—called "raw" data. The
resulting spectrum for each pixel has the general shape seen in
Fig. 2b. The major features are a fall-off in signal toward longer
wavelengths, a function of irradiance, and the two major atmospheric
water absorptlon features centered at l.4 and 1.,9um. The reduced curve
shown in Fig. 2 was obtained by removing the solar spectrum and
normalizing the data to an area overflown outside the Cuprite region, but
during the same pass. The area was assumed to be spatially uniform and
spectrally flat, or at least smoothly varying. All the data in one pass
are normalized to this region. The normalization is important to remove
residual stripping in the images caused by minor inaccuracies in the
laboratory calibration data. ‘

The resulting reduced curve is shown in Fig. 2b. The regions within
the atmospheric water bands are very noisy because of the lack of energy
reaching the surface at these wavelengths. Mineral spectral features can
be seen beyond 2.0um.

RESULTS

The results of the 1983 overflight can be seen in Fig. 2c and
Fig. 3. Figure 2c shows 1lmages in 32 contiguous channels from 2,03~
2.32um to which an equal area normalization has been applied (Goetz,
et al., 1985). The result is an enhancement of spectral differences and
suppression of brightness differences associated with topography.

Figure 3 shows the result of extraction of spectra from individual
3-by—-3 pixel areas. The bright hill exhibits an absorption doublet at
2.17 and 2.20um that is diagnostic of the clay kaolinite while the
bulldozed area exhibits a single, broad absorption minimum at 2.16um,
diagnostic of alunite. Laboratory spectra for samples collected in these
areas are shown as dashed lines.,

A ground traverse was carried out to identify the exact boundary of
opalized and secondary quartz zones. Figure 1 shows the location of the
traverse while Fig. 4 shows laboratory spectra of individual samples
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Figure 1. Airphoto of the Cuprite mining district showing the
approximate AIS ground coverage.
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Cuprite A Cuprite B Cuprite C

Figure 4. Laboratory spectra from 36 samples taken at 10 m intervals in each of three
traverses spaced 10 m apart at the location shown in Fig. 1. The predominant
mineral is alunite with absorption at 2.16 and 2.32 ym. At the top of the
traverse the flat curves indicate almost pure secondary quartz.




collected at 10~-m intervals along the traverse., The traverses A, B and C
were spaced 10 m apart in an east-west direction. The dominant features
are the 2,16 and 2.32pm absorption features of alunite. Several samples
contain kaolinite and a mixture of the two minerals is also seen, The
secondary quartz spectra seen at the top of Fig, 4 are almost featureless
as expected for quartz. However, a 2.25um feature is seen and can be
attributed to an Si-OH overtone (Podwysocki, personal communication).

The boundaries seen in the traverse spectra are also identified in the
AIS images.,

The results of the July 1984 flight are seen in Fig. 5. The SPAM
program (AIS User”s Guide, 1985) was used to map mineral comstituents
that are plotted in red. In each case the upper spectrum is taken from
the image and the lower is a laboratory spectrum of a sample collected in
the mapped area.

The mineral buddingtonite, an ammonium feldspar, although not at
first identified, was detected through a 2.12um absorption feature in the
image spectra and subsequently sampled in the field in the area shown in
red. The field sampling was blind because buddingtonite is not identi-
fiable in the field, and at the time the cause of the 2.12um absorption
feature was not known. The identification of the mineral was made by L.
Rowan (personal communication) after samples were collected. <Cuprite is
now the fifth known location of buddingtonite in hydrothermal areas (D.
Krohn, personal communication).

The AIS is the first modern, albeit modest, imaging spectrometer to
be flown over earthly targets. As the results in Cuprite have shown,
direct identification of surface mineralogy, and mapping thereof, is feas-
ible., Proper calibration and normalization of the data are required to
detect diagnostic absorption features and facilitate mineralogical
mapping.
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REMOTE STRATIGRAPHIC ANALYSIS: COMBINED TM AND AIS RESULTS IN THE

WIND RIVER/BIGHORN BASIN AREA, WYOMING N 8 6 - 1 1 6 2 0

LANG, H.R.,E.D., PAYLOR and S. ADAMS, Jet Propulsion Laboratory, California
Institute of Technology*, Pasadena, California 91109,

ABSTRACT

An in-progress study demonstrates the utility of AIS data for
unraveling the stratigraphic evolution of a North American, western
interior foreland basin., AIS data are used to determine the stratigraphic
distribution of mineralogical facles that are diagnostic of specific
depositional environments. After wavelength and amplitude calibration
using natural ground targets with known spectral characteristics, AIS data
identify calcite, dolomite, gypsum and montmorillonite-bearing strata in
the Permian-Cretaceous sequence. Combined AIS and T results illustrate
the feasibility of ‘'spectral stratigraphy", remote analysis of
stratigraphic sequences.

SUMMARY

Prior to 1982, inadequate spatial resolution and spectral coverage
limited the wutility of multispectral image data for stratigraphic
studies. Thematic Mapper (TM) and Airborne Imaging Spectrometer (AIS) data
now provide improved spatial and spectral resolution, geometric fidelity
and spectral coverage. Evaluation of the combined utility of these data
‘demonstrates that they can complement conventicnal geological and
geophysical information for stratigraphic studies in a typical North
American foreland basin.

TM and AIS data were acquired in the Wind River/Bighorn Basin area of
central Wyoming. Combined photogeologic, image processing and spectral
analysis methods were used to: 1) map strata, 2) construct stratigraphic
columns, 3) correlate strata, and 4) identify mineralogical facies.

Photogeologic interpretation of a 1:250,000 scale TM image identified
an appropriate locality for constructing an image-derived stratigraphic
column. This "type locality” encompasses exposures of homoclinal strata in
the Deadman Butte area of the Casper Arch, eastern Wind River Basin. A
1:24,000 512 x 512 pixel TM image of the Deadman Butte area provided a
photogeologic base for mapping spectral, textural and geomorphically
defined photogeologic horizons. The TM image geomefrically  matched
U.8.G.S. 71/2’ topographic maps. Thus, standard geologic map
interpretation methods could be used to construct a stratigraphic column
incorporating ™ spectral characteristics, true stratigraphic thickness and
resistance of the photogeologic units, This column was correlated with a
conventional surface section measured 6 miles to the west, Thus, 38 image
“units were assigned to 11 formations ranging from the Permian Phosophoria
to the Cretaceous Cody Shale. The Deadman Butte TM stratigraphic column

*Performed under contract with NASA.
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was also correlated with a similarly constructed column from a structurally
complex area in the southern Bighorn Basin and also with well logs from
both the Wind River and Bighorn Basin.

Thirty-two channel, 2.1 mm-2.4 pm, AIS data acquired in October, 1983
were registered to the 1:24,000 scale Deadman Butte ™ image to provide
mineralogical information for TM defined stratigraphic units., Methods used
to analyze the AIS data included: 1) empirical wavelength and amplitude
calibration using natural ground targets with known reflectance spectra, 2)
principal components analysis using 10 gpectral bands selected on the basis
of field and laboratory spectra of stratigraphically diagnostic minerals,
3) interactive sampling and mineralogical interpretation of image spectra,
4) automated mineralogical classification using a laboratory spectral
library, and 5) along-track evaluation of spectral wvariability using
residual processing.

Analyses revealed an approximate 4 channel wavelength shift from
nominal and excessive noise in the last 5 channels. After correcting for
these problems, AIS data revealed the stratigraphic distribution of
dolomite (dolostones in the Phosphoria Formation), gypsum (anhydrites in
the Dinwoody/Chugwater Formation transition), calcite (limestones in the
Alcova Member of the Chugwater Formation), montmorillonite (bentonites in
the Mowry Shale and TFrontier Formation) and quartz (orthoquartzites
throughout the section). This information was incorporated into the TM-
defined stratigraphic column.

One hundred twenty-eight channel, 1.15 ym - 2,34 m, AIS data were
acquired on the same flightline in September, 1985, Comparison of image
spectra to laboratory spectra (Fig. 1) confirmed results of the analysis of
1983 data., Residual processing of the data, using the same methods that
were applied to the 1983 data, however, yielded unsatisfactory results.
Refinement of the residual method is now in progress.

These results demonstrate the feasibility of using coregistered AIS
and ™ data for correlation of strata and for isopach and facies mapping.
This stratigraphic information can be integrated with conventional surface,
borehole and geophysical data for detailed stratigraphic studies of North
American western interior sedimentary basins. When available, AVIRIS and
SISEX data could provide images with sufficient spatial coverage and
geometric fidelity to replace TM data as a photogeologic base for similar
spectral stratigraphic studies.
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Fig. 1,

Comparison of selected 3 x 3 pixel, flat-field corrected,

AIS image spectra to laboratory spectra of samples obtained
from same locations. Atmospheric transmission spectrum
(after Wolfe and Zissis, 1978, pp. 5-88) is also shown. Data
span 1l.15 m-2.34 m wavelength interval. Absorption
features include atmospheric CO; bands near 1.45 m and 2.0
um, and bands near 2.33 im (calcite), 2.30 mm (dolomite) and
2,2 un (gypsum and montmorillonite). Long wavelength shifts
(~ 4 AIS channels) of 2.2 m gypsum and montmorillonite
bands in AIS spectra as compared to laboratory spectra are
probably due to along-track differences in wavelength
interval sampled by fourth grating position.
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FIELD UTILIZATION AND ANALYSIS OF AIS 128-CHANNEL IMAGERY USING
MICROCOMPUTERS: APPLICATION TO YERINGTON, NV FIELD AREA

R.J.P., LYON, Department of Applied Earth Sciences, Stanford Univ., Stanford,
CA, 94305; Kai LANZ, Remote Sensing Lab., AES Department, Stanford, CA, 94305

ABSTRACT

As geologists in exploration we need to be able tc determine the mineral
composition of a given outcrop, ard then proceed to another in order to carry
out the process of geologic mapping. Since April 1984 we have been developing
a portable microcomputer-based imaging system (with a "grey-scale" of 16 shades
of amber), which we demonstrated during the November 1984 GSA field trip in the
field at Yerington, NV. We have recently also demonstrated a color-version of
the same technology, at this AIS Workshop, at JPL. The portable computer
selected is a COLBY 10-Megabyte, hard disk-equipped '"repackaged-IBM/XT", which
operates on either 110/220 VAC or on 12VDC from the cigarette lighter in a
field vehicle. (See Figure 2: upper). A COMPAQ PLUS or an IBM Portable will
also work on modified software.

Qur software was internally developed and owes much to Dr. Andy Green,
CSIRO, North Ryde, NSW, Australia, and follows his ideas of LOG-RESIDUALS (see
associated paper in this issue by A. A. Green and M. D. Craig). The underlying
concept is that the atmospheric transmission and surface albedo/slope terms are
multiplicative, relating the spectral irradiance to the spectral '"color" of the
surface materials - the end result we wish to examine in the field. Thus the
spectral color of a pixel remains after averaged log-albedo and log-irradiance
have been estimated. All these steps can be carried out on the COLBY micro-
computer, using 80 image lines of' the 128-channel, 12-bit imagery.

Results are shown for such an 80-line segment, showing the identification
of an O0-H bearing mineral group (of slightly varying specific characters) on
the flight line. (See Figure 2: lower.)

GEOLOGY OF THE SITE (After Proffett & Dilles, 1984)

The Jurassic plutonic rocks (granodiorite and quartz monzonite) and asso-
ciated porphyritic quartz monzonite dikes were intruded as a 7-km deep section.
This rock sequence was deeply eroded (2 km) in late Mesozoic to early Tertiary
times, and left a high-relief terrain with 0.5 km (2000 ft) peaks. Upon this
rough terrain were laid a thick series of Oligocene and early Miocene ash-fall
tuffs (ignimbrites) with a total thickness of about 2 km (7500 ft). Rotatiénal
tilting of the whole area occurred continuously during this deposition, so that
the originally-flat basal tuffs (Guild Mtn. member, Tgm) now have 70° west
dips, while the uppermost {(Miocene) hornblende andesite tuffs of Lincoln Flat
(Tha) dip only 20-30° west (Proffett & Proffett, 1976).

Significantly for this remote-sensing application, south cof the Singatse
Fault, in the Ann Mason area, the originally vertical section through the
porphyry-copper ''plumbing" is now displayed in a near-horizontal outcrop. Top
is to the WNW, the base is to the ESE, and over 5 km (16,000 ft) of almost
continuous outcrop traverses the Singatse Range.
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FIGURE 1.

ORIGINAL PACE IS
OF POOR QUALITY

AIS IMAGERY, YERINGTON,NV, 28 JULY 1984

(Upper) Display of 80 channels, each of 80 flight
lines, for Run 407, commencing at line 750. Top left

is channel 48 (1.60um). Left to right covers 20
channels, each differing by 9.3nm. Notice lower right
set commences at CH108 (2.15um). Targets are blacker

in CH110-118,reaching a maximum around CH 114 (2.206um).
Flight data over Yerington,NV,taken 28 July, 1984

(Lower Left pair). Displays of 80 line segments, for
channels 14 (1.275um) and 114 (2.206um), respectively,
at 2x enlargement on the CRT. Notice specific pixels A-F.

(Lower right pair) 4x enlargements of the lower
portion of the scene, showing localities C-F. Black on
channel 114 is indicative of O-H absorptions, probably
due to sericite alteration products.
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ORIGINAL PACT |5
OF POOR QUALITY
AIS IMAGERY, YERINGTON,NV, 28 JULY 1984

5 | 2
T 2. 17 "33

FIGURE 2. (Upper) COLBY Portable computer, as used for the field
analysis of AIS flight data (Demonstrated at JPL AIS
Workshop, 4/85). Present image on l1l6-level gray
scale (Amber) is of a U-2 TMS image, over Yerington,NV.
Black area is the water-filled old pit, white areas are
the dumps of g.monzonite used for AIS calibration.

(Lower; AIS image of CH 114 (2.206um), wherein O-H
absorptions are black, showing the pixel-by-pixel
analysis, and their associated spectra. Originals are
colored in seven colors. Notice the variability of the
O-H absorptions, in detail.
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Ann Mason Area

M. Einaudi and his students (Einaudi, 1977; Carten, 198l; Harris and
Einaudi, 1982) studied the area in great detail, during the period 1975-1982.
The recent extensive mineralogical study of J. Dilles (Ph.D thesis, 1983), how-
ever, provides most of the background materials for the AIS flight-calibration
mineralogies.

U-2 TMS Flights - 1983-85

Although the Stanford Remote Sensing Lab (SRSL) has been studying these
sites since 1972 (SKYLAB), the major breakthrough occurred with the acquisition
of the 12-channel (TMS) digital imagery over the Singatse Ra., in April 1983.
For the first time it was possible to locate 'clay-alteration' areas (0-H bond
absorptions, near 2.2 um) in spatially-coherent patches with the expected
locations and trends observed in our fieldwork. Both the Ann Mason (Singatse
Peak) and the northern MacArthur areas were imaged in a single 30,000-wide
strip down the length of the Singatse Ra.

These imaged data were shown to John Dilles in that month, as he was
completing his Ph.D thesis research (Dilles, 1983). He confirmed that the
1.6/2.2-pm "anomalies" indeed very closely maped his '"Late-Stage' altera-
tion, identified from thin-section and XRD studies as tourmaline-sericite-
pyrite assemblages. 1In addition we feel, that by careful matching of these,
1983 ratio-images showed the possible detection of this even-more subtle
potassic (hydrothermal) alteration (chlorite-hydrobiotite) which occurred
lower (deeper) into the original dike swarm, below the late-stage (geothermal)

sericite-pyrite capping.

AIS-Flight, 28 July 1984

After three clouded-out attempts the NASA/ARC C130 was able to gather
128-channel spectral images over five specially designed flight runs, each 700
ft wide, crossing the previously identified "clay anomalies'. Two lines (407,
409) paralleled the WNW trend of the dike swarms, flying up the "plumbing sys-
tem" of the mineralization, from the base to the top of the erosion surface.
Another line (#410) crossed these at right angles over the sericite-pyrite
zone, while (#408) traversed close to (but unfortunately not over) the
MacArthur deposits to the north.

Pre-Processing of the AIS Data

Our SRSL-AIS pre-processing package consists of three units;

AIS2 - a program which accesses the 1600 BPI, 9-track CCT tapes,
images a 400-line segment, displaying 16 adjacent wavelength bands,
so that one can identify locations on the left and right margins of
the flight on the associated 35mm B/W photographs (roughly along the
center third of the prints). In a second part of the program, files
may be created for the any 80 lines of the scene, 128-channels deep,
on to the COLBY (IBM/XT) 10-Mb hard disk. These files are given ‘the
extension *.AIS. ‘ :
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ANDYAIS - the next program which forms\ the main pre-processing step
in the SRSL package. The program presgntly operates only on the
80-1line segment (later to be the whole fiight line of approximately

2000 lines), and performs the following steps;
\

(i) Takes natural logarithms of all the imégery digital data
.\..

(ii) AVERAGES all wavelengths for a given pixéi, to yield a single
scalar (A) N\

(iii) AVERAGES all pixels for a given wavelength giane (80x32), for
128 planes, yielding a 128-element vector (H~-bar)

(iv) AVERAGES all the H-bars to give a single (global) scalar (G).

For each pixel of the image, the program takes its given LOG-DIGITAL
NUMBER (Log-DN), subtracts in turn its H-BAR, subtracts A, and adds
G~BAR. The resultant LOG RESIDUAL (R) is saved as the final
"SPECTRAL-IMAGE" set, designated *.NDY.

DESTAIS ~ cleans up the vertical striping, by forcing each of the
32 detector elements (vertical lines on the image displays) to have
the same area-under-the-curve. This is performed 128 times, once
on each image plane. The resultant file is designated *,DES.

Display Programs for the AIS-Imagery

The AIS-display package consists of three units:

a.

Ce.

STATUS

MULTI - presents 80 channels, for 80 image 1lines, starting at
channel N = 1,,48, in a single selected linear stretch for all 80

channels. (See Figure 1l: upper, for 1X, and lower, for 2X and 4X
enlargements, to show specific localities. Pixel size is 8X8 m.)

TVAIS - (or CAIS, on the B/W field unit.) The user selects any one
channel (N = 1,,128) for display at a 4X scale. ANY of the pixels
are cursor selectable, and alongside the indicated pixel either a
color-coded residual is shown as a horizontal '"color-bar', or the
spectrum of the log-residual is graphed in one of seven colors, as
a graphics plot. (See Figure 2: lower.)

ANDY - (or CANDY, on the B/W field units) A version of TVAIS to
color-plot, or color-code, any digitized spectrum, for n = 128, or
256 data points, as from a published database, field spectra from
the flight lines, etc.

Results are shown for such an 80-line segment, showing the identification
of an O-H bearing mineral group (of slightly varying specific characters) on
the flight line.  (See Figure 2:. lower .) Active studies are in progress, the
completion of which are entirely dependent upon available funding.
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PRELIMINARY ANALYSIS OF AIS SPECTRAL DATA ACQUIRED FROM SEMI-ARID SHRUB
COMMUNITIES IN THE OWENS VALLEY, CALIFORNIA 1

SUSAN L. USTIN, Department of Botany, University of California,
Berkeley, CA 94720, USA; BARRETT N. ROCK, Jet Propulsion Laboratory,
Pasadena, CA 91109, USA

ABSTRACT

Spectral characteristics of semi-arid plant
communities were examined using 128 channel AIS data
acquired on October 30, 1984, Both field and AIS
spectra of vegetation were relatively featureless and
differed from substrate spectra primarily in albedo.
Unvegetated sand dunes were examined to assess spectral
variation resulting from topographic irregularity.
Although shrub cover as low as 10% could be detected on
relatively flat surfaces, such differences were obscured
in more heterogeneous terrain. Sagebrush-covered fans
which had been scarred by fire were studied to determine
the effect of changes in plant density on reflectance.
Despite nolse in the atmospherically corrected spectra,
these provide better resolution of differences in plant
density than spectra which are solar-corrected only. A
high negative correlation was found between reflectance
and plant cover in areas which had uniform substrates and
vegetation types. A lower correlation was found where
vegetation and substrates were more diverse. Thus
shadows caused by substrate roughness or plant canopies
also appear to have an important effect on brightness,
making predictions from spectral characteristics diffi-
cult. Spectra obtained during periods of active plant
growth may be more useful in vegetation studies.

INTRODUCTION

High spectral resolution imaging spectrometers such as AIS have
potential for identification of minerals and plants based on the unique
absorption features of their spectra. For ecologists, this may lead to
new ways of studying and monitoring ecosystem processes, detecting
environmental stresses, and measuring plant productivity. These
instruments are also of considerable interest to exploration geologists
working in arid and semi-arid regions, since in such areas the
interpretative problems arising from mixed spectral reflectances should
be minimal, due to the relatively low vegetation cover.

The primary objectives of our study are to evaluate the
importaiice of vegetation in mixed pixel AIS data from representative
semi-arid shrub communities, to assess dynamic changes in spectral
features of vegetation over the year, and to develop methods by which the
spectra of vegetation and substrate may be separated.
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Owens Valley, CA was chosen as a test site because it has a diverse
combination of plant communities and substrate types. A creosote bush
community, typical of the warmer Mojave desert, extends into the
southern end of Owens Valley on alluvial fan skirts from the Sierra
Nevada to the west and the Inyo Mountains to the east. Vegetation on
fans farther north 1s more typical of the Great Basin sagebrush
community. Saltbush communities are found on the valley floor and on
other alkaline soils. Major geologic units in the surrounding areas are
Mesozolic granitic intrusives, Tertiary volcanics (primarily basalts),
and Paleozoic sediments. Differences in plant density and species
diversity exist within the various substrate types, offering the
opportunity to examine the impact of vegetation on spectral character-
istics.

AIS DATA AND CALIBRATION PROCEDURES

At present, We have had three flights over our study sites, on
July 10 and October 30, 1984 and April 2, 1985. All flights obtained 128
channel AIS data, most of them in the “"rock" grating position mode, 1l.21-
2.40 uym (Vane et al., 1283). For comparison, on some flights data from
one line were recorded in the "tree” mode, ca. 0.85-2.10 pm. Thematic
Mapper Simulator (NSOOl) imagery, Nikon black and white photographs,
Zelss color infrared images, and ground track videotapes were collected
simultaneously.

Data reported here are entirely from the October overflight.
The data acquired in July are of questionable value due to a high
concentration of smoke from a large brush fire in Sequoia National Park

-to the west of Owens Valley. However, preliminary examination of these

data supports the observations and conclusions of this report.

The October 30, 1984 flight occurred at 1145-1245 hours PST, on a
cloud-free day. Mean flight altitude was 5.25 km above the terrain,
with an instantaneous field of view of about 10 m« Data were analysed on
a VAX/IDIMS system using the SPAM (Spectral Analysis Manager) package
developed by the Jet Propulsion Laboratory. Prior to data analysis, a
solar irradiance correction was applied to compensate for brightness
variation with wavelength in the solar spectrum. We compared results of
this correction with those of two additional methods for removing
atmospheric absorptance effects: a "flat field"” method ratioing pixel
reflectances by the mean reflectance obtained from a 32 by 50 pixel area
judged to be spectrally and spatially homogeneous, and a theoretically
based correction algorithm (J. Solomon, personal communication) which
ratios each pixel reflectance by the mean reflectance along the flight
line for each channel.

RESULTS AND DISCUSSION

Coinciding with the October overflight, we performed an
experiment with a Collins Visible Infrared Intelligent Spectrometer
(VIRIS) to examine the effect of spectral mixing at different distances
above the plant and soil surfaces. When the spectrometer was close to
the canopy, the spectral pattern was distinctively plant-shaped;
however, this pattern was progressively damped out as distance increased
(Ustin et al., 1985). This response appears to be due to shadows within
the canopy branches and the increasing contribution of sand to the
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spectra. From this we conclude that the influence of vegetation in
October AIS data would be most evident in albedo effects.
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Fig. 1. AIS sand spectra with (a) flat field correction and (b)
theoretically based atmospheric correction. Curve 1 is sunlit dune, 2
shaded aspect, 3 a flat surface.

Data from an unvegetated sand dune region show that topographic
differences, such as changes in slope and aspect, confound interpreta-

tions of even atmospherically corrected spectra. Figure 1 shows data .

from the same 3-by-3 pixel areas using the flat field correction (la) and
the atmospheric correction (lb). Curve 1 is from the sunlit side of a
dune, curve 2 from the shaded side, and curve 3 from a flat surface
normal to the AIS (curve 4 in la, from the shaded side of another dune,
is not shown on 1b). From these and other curves, it appears that both
correction methods yield comparable results, although the digital number
(dn) values depend on the method of correction. The curves are
featureless and essentially flat or slightly increasing across the
spectrum, as expected for quartz sands. At another area which was
studied in detail, we could distinguish a saltbush vegetation cover of
only 107% (based on ground transects) from a non-vegetated uniform sandy
surface of similar slope, because of brightness differences. However,
these differences were within the dn range seen in Figure 1 on the two
-aspects of the same sand dune. During spring, greater divergence in
spectral response curves between vegetation and substrate may provide a
less ambiguous basis for their distinction.

Spectral data in Figure 1 and in Figures 2 and 3, from the Symmes

Creek and Division Creek sites on fans on the west side of the valley,
all show considerable noise, making identification of absorption
features difficult or impossible. We found that omitting the water
absorptance bands and replotting portions of the spectra (e.g., 2.10-
2.40 um) reduced the apparent noise in the atmospherically corrected
spectra. Still less noise i1s evident in data to which only the solar
correction was applied (Figure 2a), but the differences between spectra
from different areas within sites are less than in spectra corrected for

both solar and atmospheric effects (Figure 2).

43



mwmmmmonmommnxm nuumnu»“nnumunﬂmuomnnomuoﬂ»ﬂn{ﬂ

ﬁ == AISE -- AISi3
8 IR NS g o A2

17 A 2

m# 166
™ ¢ W ymp

” - 13

e 119

- B A 102 4 ]

0 Y T T T T L] T T T T T Y T T

f.20 138 451 4,66 190 495 210 228 2.4 £.21 4% L9 166 1.0 4.95 240 228 2.40

WAVELENGTH(HICRONS) WAVELENGTH(NICRONS)

Fig. 2. AIS spectra (a) without atmospheric correction and (b)
with atmospheric correction. Spectra l and 2 are from an area which had
been burned, spectra 3 and 4 the non—-burned vegetation.

..................................

P58 2 86484080804 +
% === AISSY
% 7 ~ aY — Al
i "WN\ Y \,,‘_\ — AISE3
. \ [R)
0 ™A J 3 75 )
\‘ 'I “.A‘ S'J' ¥
€ A i ,i v .
N P i, = et L
-Nd e :: 4
» A,
% 7 H
1] T T

T T T T T T
1.4 1% 151 1.66 1.80 4.9 240 225 2.40
WAVELENGTH(NICRONS)

Fig. 3. AIS spectra from surfaces which differ in plant cover
and substrate. Spectrum 1 is from burned alluvium, 2 burned basalt, 3
non-burned alluvium, 4 non-burned basalt, and 5 non-vegetated basalt.

Despite the greater noise in data with the atmospheric
correction, they sliow clear differences related to vegetation cover. At
Symmes Creek (Figure 2), alluvial substrates are essentially homogeneous
and spectral differences relate to an abrupt change in vegetation
density due to a brush fire which removed the plant cover in 1977. The
upper two curves in 2a and 2b are from the burned area, which has a total
plant cover of 23% . including litter. The lower two curves are from the
surrounding undisturbed sagebrush community, which has 467 cover.
Reflectance differences between these two areas, assuming the curves are
flat and using the dn value at 1.21 ym from randomly chosen 3-by-3 pixels
(n=18 and 15 on and off the burn, respectively), are statistically
significant (ANOVA, p<.0001).
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We also measdred plant density on and off burns at two other
sites near Symmes Creek. Burns at these sites were much older (pre-
1947) and had greater plant densities, but adjacent unburned areas did
not vary significantly in cover. Twelve to 15 spectral curves were
obtained from randomly chosen 3-by=-3 pixels within each of these areas.
As described above, curves from each area were averaged and compared with
plant cover, which ranges from 23 to 48 %Z. A linear regression of mean
dn from all three sites with mean total plant cover produced a negative
correlation coefficient of 95 7% (n=6). Thus, shrub cover has a
consistent effect in lowering substrate albedo, and the amount of change
is related to plant density.

At Division Creek, a similar sagebrush community occurs on both
a granitic alluvial substrate and a basalt flow. In 1982, a fire removed
the vegetation across both substrates. Curves in Figure 3 are
representative of 12-16 reflectance spectra from egach of these surfaces.
The upper curve (1) is from the burned alluvial surface, which has a 9 7%
plant cover, nearly all of which consists of herbaceous dicot litter at
this season. The next curve (2) is from the burned basalt, which has a
surprisingly high reflectance« It has a high cover, 52 7, almost all of
which is grass litter. Curves 3 and 4 are from the non-~burned areas on
the alluvial and basalt substrates, which support a similar shrub
community with covers of 64 7 and 45 7. The lowest curve (5) is from a
non-vegetated basalt outcrop. Although there is a good correlation of
dn with cover (71 %), it is lower than that from the other burns. This
probably reflects the greater substrate roughness on the basalt flow and
differences in physiognomy (shrub vs. herbaceous). Thus, although the
amount of plant cover is clearly the major detzrminant of reflectance,
shadows caused by plant canopies and substrate roughness may also be an
important source of albedo variation. The presence of vegetation
reduces the differences in reflectance between the two substrates, thus
masking any geologic absorption features. Although this feature is
somewhat difficult to detect in curve (1), other curves from the burned
alluvial surface clearly show a hydroxyl absorbance of presumed
substrate origin, at 2.19 um, and which was confirmed by field VIRIS
spectra. This feature is absent in all AIS data from surfaces with
greater plant cover.
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AIS SPECTRA FOR STRESSED AND UNSTRESSED PLANT COMMUNITIES 1IN THE
CAROLINA SLATE BELT

DIANE E. WICKLAND, Jet Propulsion Laboratory, California Institute of
Technology, USA

ABSTRACT

Airborne imaging spectrometer (AIS) data were collected over a
number of derelict heavy metal mine sites in the Carolina slate belt of
North Carolina. A 32 channel (1156 - 1456 nm) data set was acquired in
October, 1983 at the time of peak fall foliage display, and a 128
channel (1220 - 2420) data set was acquired near the end of the spring
leaf flush in May, 1984. Spectral curves were extracted from the AIS
data for differing ground cover types (e.g., pine forests, mixed decid-
uous forests, mine sites, and pastures). Variation in the width of an
absorption feature located at approximately 1190 nm has been related to
differences in forest type. Small differences in the location and
shape of features in the near infrared plateau (1156 - 1300 nm) and the
region 2000 - 2420 nm have yet to be evaluated. Because these varia-
tions were subtle, and because atmospheric effects were apparent in the
data, high priority must be assigned to devising a means of removing
atmospheric effects from AIS spectra.

_ INTRODUCTION

Extensive ecological studies of vegetation on and near derelict
heavy metal mine sites in the Carolina slate belt of the North Carolina
Piedmont (Wickland, 1983) prompted a remote sensing study of the area
(Wickland, 1984). The main objective of the remote sensing study was
to attempt to identify spectral charactistics of vegetation related to
the type of stress the vegetation was experiencing. Airborne imaging
spectrometer (AIS) data were acquired as part of this study because
high spectral resolution data seemed to have great potential for
uniquely identifying stress factors. Two AIS data sets were acquired.
In October, 1983, at the time of peak fall foliage display, a 32
channel (1156 ~ 1456 nm) data set was acquired for 6 flightlines. In
May, 1984, near the end of the spring leaf flush, a 128 channel data
set (1220 - 2420 nm) was acquired for 4 flightlines.

METHODS OF DATA ANALYSIS

For the 32 channel fall data set, raw, logged data (i.e., neither
atmospheric nor solar irradiance corrections were applied) were subjec-
ted to the Walsh-Hadamard transformation and Principal Components anal-
ysis. Color composites of the first three components from both trans-
formations provided essentially the same information, but the color
" contrast in the principal components image was somewhat more pleasing.
Spectra were extracted from the raw data using the program ISCAN.
Vertical striping was evident in the fall imagery, and the imagery
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lacked crispness due to hazy skies at the the time of acquisition.

For the 128 channel spring data set, the raw, logged data were
subjected to a correction for the solar spectral irradiance. Again,
atmospheric effects were not removed. Ground reflectance data were
acquired at the time of the overflight for the purpose of flatfield
correction, but the flightline involved could not be logged properly.
Spectra were extracted from other flightline data sets using the
program SPAM, There was little haze at the time of the spring over-
flights, and the AIS imagery was much crisper, Horizontal data loss
bands due to interference by the Nikon camera were visible in the
images.

RESULTS AND DISCUSSION

Fall Imagery

All ground cover types discernible in ceclor infrared photography
and Thematic Mapper Simulator imagery were clearly distinguishable in
the fall AIS imagery. Farm ponds in the image for a flightline in the
Virgilina area did not have the low, flat spectra expected of water in
the near infrared. Although algae or sediments in the ponds could have
been responsible for this difference, it seems more likely that atmos-
pheric absorption and scattering were responsible.

A large plantation of loblolly pine (Pinus taeda L.) and the upper
and mid-slope portions of a small ridge covered by mixed deciduous
forests were imaged in the Virgilina flightline. The top of the ridge
supported a mixed oak-hickory-pine (Quercus spp.-Carya spp.--Pinus spp.)
forest and the mid-slope area supported a white oak-tulip poplar-—sweet
gum (Quercus alba L.-Liriodendron tulipifera L.-Liquidambar styraciflua

L.) forest. All spectra extracted from the pine plantation had a
broader absorption feature at approximately 1190 nm than did spectra
from the two deciduous forests. This absorption feature is in the
wavelength region of a minor water absorption band, and it is not clear
whether the differences seen are due to atmospheric or plant water
content or to something else. Spectra from the mixed oak-hickory-pine
forest often had characteristics intermediate to spectra from the pine
plantation and the pure hardwoods stands. Typical spectra from these
forests are shown in Figure 1.

It was readily apparent that the starting and ending wavelengths
for this AIS data set were not the nominal 1200 and 1500 nm. Vegeta-
tion spectra from this data set were compared with laboratory spectra,
and the starting and ending wavelengths were estimated as 1156 and 1456

nm. The exact position of the absorption feature described above has

not been specified because of uncertainty about the exact wavelengths
imaged.

The edge of the Silver Valley lead-zinc mine was imaged in a north
to south flightline. There was a halo of slightly different color and
texture surrounding the mine site in the principal components trans-
formed AIS image. Spectra extracted from this area were not apprecia-
bly different from those from surrounding forests of similar composi-
tion. The spectra from the halo area had slightly higher overall
reflectance; this could be an indication that the vegetation near the
mine was drier than the surrounding vegetation on normal soils.
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Spring Imagery

Several small absorption features were noted in vegetation spectra
when previewing the spring 128 channel data. Schematic transmission
spectra of water vapor and carbon dioxide were superimposed on these
plant spectra to identify those atmospheric absorption features which
coincided with features in the plant spectra. Carbon dioxide bands at
1575, 1613, 1961, 2020, and 2062 nm and minor water bands at 1190,
1538, 1667, and 2198 nm were evident in the plant spectra. The major
water absorption bands at 1400 and 1900 nm matched almost exactly on
these superimposed spectra. The water bands for water and vegetation
spectra were aligned with the schematic water bands, and the beginning
and ending wavelengths were calculated to be 1220 and 2420 nm. Thus,
the absorption feature at about 1900 nm noted in the fall AIS data set
could not be evaluated in the spring data set.

Two of the spring AIS flightlines included sites imaged din the
fall., The pine plantation and mixed deciduous forests in the Virgilina
area were imaged; and the edge of the Silver Valley lead-zinc mine site
was included, this time on an east to west flightline. The main dif-
ferences noted among the various vegetation cover types were all re-
lated to relative reflectance. Bare fields were most reflective,
deciduous forests were intermediate, and pine forests were the least
reflective. This was also the pattern for the 1156-1456 nm fall data
set, Again, the halo area around the Silver Valley mine site had a
slightly higher overall reflectance than surrounding vegetation of the
same type. It was not possible to evaluate small differences in plant
spectra; they could have been due to atmospheric phenomena, noise, or
actual plant differences.

CONCLUSIONS

The width of an absorption feature at approximately 1900 nm was
related to differences between evergreen and deciduous forest types in
the fall AIS data set. Because atmospheric effects have not been
removed from the data, no further conclusions could be made. Removal
of atmospheric effects, due to both gases and particulates, must be an
important priority for future analysis of AIS data sets.

To successfully evaluate differences in vegetation spectra, which
are often small and subtle, new techniques for spectral analysis are
needed. Those which have been successfully applied to mineral spectra
do not work with vegetation spectra. Clever use of absolute reflec-
tance could be useful, A library of plant reflectance spectra should
be prepared. Spectra for plant chemical constituents, such as cellu-
lose, lignin, proteins, and oils, should be included. Mixing models
using some of these spectra could yield insights about the nature of
vegetation spectra. Also, more study of plant spectral response in the
laboratory and the field seems to be necessary before understanding of
remotely sensed vegetation spectra will be achieved.
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BPECTRAL CHARACTERIZATION OF SUSPECTED ACID DEPOSITION DAMAGE IN RED
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JRMES E. VOUGELHMANN and BARRETT N, ROCK, Jet P.opulsion Laboratory,
California Institute of fechnology, Fasadena, CA 91109, USA

ABSTRACT

In an attempt to demonstrate the utility of remote
sensing systems to monitor sites of suspected acid rain
deposition damage, intensive field activities, coupled
with aircraft overflights, were centered on red spruce
stands in Vermont during August and September of 1984,
Remote sensing data were acguired using the Airborne
Imaging Spectrometer, Thematic Mapper Simulator, Barnes
Model 12-1000 Modular Multiband Radiometer and Spectron
Engineering Spectrometer (the former two flown on the
NASA C-130; the latter two on a Bell UH-1B Irpoguois
Helicopter). Field spectral data wer. zcquired during
the week of the August overflights using a high spectral
resplution spectrometer and two broad-band radicmeters,
Freliminary analyses pf these data indicate a number of
spectral differences in vegetation between high and low
damage sites. Some of these differences are subtle, and
are observable only with high spectral resclution sen-
50rs: pthers are less subtle and are observable using
broad-band sensors,

INTRODUCTION

Since 1965, red spruce (Picea rubens Sarg.) has shown =& marked
decline in vigor in the high elevation spruce-fir forests of northeast-
ern United States (Siccama, et al., 1982; VYogeimapn, et al., 1985},

Other members of the montane forest, including sugar maple (Acer

pensylvanicum Ledy white birch (Betula papyrifera Marsh. var.,

cordifolia (Regel) Fern.) and balsam fir {Abies balsamea (L.) Mill.)
have experienced 1less dramatic declines throughout this time period
(Vogelmann, et al., 198%). Although the specific cause of the forest
decline has been disputed, there is mounting evidence that high inputs
pf air pollutants into high elevation forests are a significant factor. i

Camels Hump Mountain, located in the Green Mountains of northern !
Vermont, was chosen as a study area for the current investigation be- '
cause of (a) the presence of ap extensive data base (Siccama, 1974),
{b) the marked vegetatipnal damage symptoms apparent, especially in red
spruce {Siccama, et al.,, 1982; Vogelmann, et al., 1983}, and {c) the
influx of high levels of air pollutants into the region (Scherbatskoy
and Bliss, 1984)., In addition, Mount Ascutney, located in the Taconic
Mountains of southeastern Vermont, and sites in Ripten, Vermont were
included in the study. ‘

The overall chjective of this study is to correlate various levels
pf forest decline (presumably caused or esacerbated by the influx of
pollutants into the high elevation eécosystem) with remote sensing data,
Some specific goals are as follows: {a) determine what levels of forest
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‘ﬁanage can be detected using spectral data; <(b) determine which remote
sensing systems are most useful/appropriate for continuing study of the
problem; (c) determine the feasibility of using remote sensing to
monitor forests through time, and d) determine if spectral data will
provide insight into the nature of the forest decline (g.g. heavy metal

stress, water stress).
MATERIALS AND METHODS

Study Sites: A total of 12 spruce stands, including seven from Camels
Hump Mountain, three from Mount Ascutney, and two from Ripton are
included in this study. These reprsent a gradient from low to high
levels of damage. & "high damage" site and a "medium damage” site on
Camels Hump and a "low damage" site from Ripton were selected for more
extensive study wusing Scholander pressure bombs and portable field

spectrometers and radiometers.

Damage Level Evaluation: Percentage red spruce and balsam fir damage
and mortality estimates were calculated separately at each site,
Damage estimates were based upon the amount of red spruce foliar damage
{i.e. percentage of needles missing from the live crown) wvisually

apparent.

Field MHeasurements: Field spectral data were acquired from clipped
sunlit branches with needles from a high damage site and a low damage
site using the Visible/Infrared Intelligent Spectrometer (VIRIS). This
is a high spectral resolution sensor with spectral coverage from 0.4 to
2.5 microns., Simultaneous with field spectral data acquisition, xylem

.water column tension was measured using Scholander pressure bombs.

fircraft Data Collection: The sensors onboard the C-130 included the
JPL Airborne lmaging Spectrometer (AIS), the NS5-001 Thematic Mapper
Simulator (THS) and aerial photographic cameras. Study sites on Camels
Hump Mountain and Mount Ascutney were flown on August 17, 1984 about
4.8 km above the ground. Bites were reflown on September 8, 1984 due
to a malfunction of the AIS instument during the earlier -overflight.
AlS data were acgquired using the "tree mode", with spectral coverage
ranging from approximately 0.9 to 2.1 microns,

n August 17, 1984, a Bell UH-1B Iroguois helicoptor was used to
collect spectral data over four sites on Camels Hump. The instrument
package onboard included a Spectron Engineering spectrometer (SE-590),
a Barnes Model 12-1000 MMR radiometer, and various cameras.

See Rock, et al. (1985) for more discussion regarding the above
procedures/instrumentation.

RESULTS AND DISCUSSION

Damage tLevel Evaluatipn:  Spruce stands showed marked differences in
levels of foliar damage {(see Rock, et al., 1985 , for numerical esti-
mates of damage). At Camels Hump, percentage mortality closely paral-
leled damage values, ranging from 0.6 to 31.1%. The damage levels for
the Camels Hump sites are highly correlated with elevation (r2=0,90),
with the most damaged sites located at relatively high elevations, and

the least damaged sites located at relatively low elevations.
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Balsam fir damasge also showed marked differences in levels of
damage (see Rock, et al., 1985). There is a good correlation between
fir damage and spruce damage (r2=0,88)--those sites with the highest
spruce damage values also have the highest fir damage values; those
sites with the lowest spruce damage values alsp have the lowest fir
damage values.

Spectral Data; VIRIS and SES590: Field spectral curves from representa-
tive spruce samples from high and low damage sites {acquired by the
VIRIS) indicate the following: 1) A slightly reduced absorption at
approximately (,4B microns charcterizes spectral curves from the high
damage site. 2) The chlorophyll absorption maximum located at about
0.67 to 0.6B microns is at a slightly shorter wavelength for the high
damage site {(i.e., the "blue shift"). 3) GSpectra from the high damage
site have a reduced reflectance along the NIR plateau. 4) FRatios of
the amplitudes of spectral reflectance maxima between near 1.26 and
1.65 microns are different for the twp sites (see below).

Helicoptor SE-590 data from a high damage site and a medium damage
site independently confirmed the reduced absorption and the “"blue
shift" of the chlorophyll absorption feature at 0,68 microns for vege-
tation at the more highly damaged site. However, in contrast tp the
field spectral data, helicoptor-acgquired spectra from the more highly
damaged site had an increased reflectance along the NIR plateau. This
apparent discrepancy is thought to be a function of the increased
presence of highly reflective broadleaved species which invade the high
damage sites as the canopy becomes more open.

The above information indicates that broad-band sensers such as
TM/TMS are most appropriate for detecting certain vegetative spectral
differences between sites of dif{ferent damage levels. However, high
spectral resolution sensors such as AVIRIS will be needed to detect the
subtle shift to shorter wavelengths in the <chlorophyll absorption
feature (0.6B microns) in stressed vegetation.

IM8 Data--Use in Estimation of Water Stress: The relative heights of
spectral reflectance marxima near 1,26 and 1.65 microns provide an ac-
curate indication of leaf water content (Rohde and Olson, 1971: Goet:z,
et al., 1983). The ratio of the the 1.65 micron reflectance divided by
the 1.26 micron. reflectance is herein referred to as the Meisture
Stress Index (MBI). As vegetation dries, this ratio increases and
approaches 1.0,

NS-001 TMS bands & and 5 contain the 1.6% and 1.26 micron regions,
respectively. Thus, TME &/5% ratios are the broad-band equivalent of
the MSI ratios, THS 6/%5 ratios were obtained from approximately 100
pixels at each of the seven Camels Hump sites using the September data
set. Suspected rocky and/or deciduous areas were excluded #from this
analysis, such that comparispns are among mostly —coniferous areas.
Results from this analysis indicate that TMS &/5 ratios correlate well
with site damage values (r2=0,90--as damage increases, site 6/5 ratiocs
also increase (see Figure 1))

AIS Data Analysis: AIB data were acquired from four study sites from
Camels Hump and two from Mount Ascutney. As exupected, spectra from
coniferpus areas had markedly lower DN values than those from deciduous
areas {(see Figure 2). No obvious spectral differences were seen be-

tween high damage and low damage sites. Attempts to atmospherically
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correct the data using a program developed by Jerry Solomon (JPL) did
not appear to work since it dramatically decreased the already low

coniferous DN values such that intepretation of spectra became diffi-
cult.

1L.30 T T ~T T — I B |
L) T !’Mi)ICATES(‘ STANDARG DEVIATION T | 4
1 f0R TMS £ RATIOS
- o
e 12 : : 4
E |
n X
L -
w L5} I | .
-1
: |
w 110} L _
& I I .
§ Les- | T x i
X X l
we § L l
1
1 ! i 1 1 1 1 d 1
10 20 30 4 5 60 70 8 9 100

PERCENTAGE SPRUCE DAMAGE

Figure 1. Red spruce damage versus ratios of TMS bands 6/5 for
seven sites on Camels Hump Mountain, Vermont.
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Figure 2. AlS spectra for deciduous areas (top two spectra) versus
coniferous areas (bottom two spectra) from Camels Hump

Mountain, Vermont. Each spectrum represents an average
of 4¢0 pixels.

Using AIS data, M5! values were calculated from spectra of 2x2
pisxels from each study site. Results from the four Camels Hump sites
were <ompared with site damage levels and TM8 6/5 ratios (Table 1),
The site with the lowest TMS 6/85 ratio (i.e., the one showing the least
amount of water stress) also has the lowest MS5I value. Similarly, the
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site with the highest TM5 4/5 ratic ({i.e., the one showing the highest
amount of water stress) also has the highest MS51 value. However, the
two sites with medium low and medium high TMS &/5 ratios (Camels Hump 2
and 5, respectively) have very similar MSI values. Thus, there Iis
some, but not complete agreement between TM5 and AIS results,

Table 1. Comparison pof forest damage, TMS &/5 ratios, and
A1S 1.65 micron/1.26 micron (MBI) ratios for four
sites from Camels Hump Mountain, Vermont,

PERCENTAGE RATIO OF RATIO OF AIS
SITE SPRUCE TMS BANDS 1,65 um PEAK DN /
DAMAGE 6/5 1,26 4m PEAK DN
CAMELS HUMP 1 11.8 1,004 + 0,022 0,787 + 0,059
CAMELS HUMP 2 1.9 1036 £ 0,030 0,819 £ 0,040
CAMELS HUMP 5 61.2 1,097 £ 0,047 0.815 £ 0,029
CAMELS HUMP 7 76.0 1.216 + 0069 0,856 + 0,049

AIS data were also analysed using a cross-band correlation analy-
sis, This technigue is discussed by Vern Vanderhilt elsewhere in these
proceedings. No evidence was found for subtle differences existing be-
tween high damage and low damage sites using this method. However, it
is felt that this approach will have much potential in detecting subtle
spectral differences when they exist in future studies, especially when
AlS instrument noise problems become mitigated.
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A FIRST LOOK AT AIRBORNE IMAGING SPECTROMETER (AIS) DATA IN AN AREA OF
ALTERED VOLCANIC ROCKS AND CARBONATE FORMATIONS, HOT CREEK RANGE, SOUTH
CENTRAL NEVADA

SANDRA C. FELDMAN, Mackay School of Mines, University of Nevada, Reno,
NV, USA; JAMES V. TARANIK, Mackay Schoocl of Mines, University of Nevada,
Reno, NV, USA; DAVID A. MOUAT, Department of Applied Earth Sciences,
Stanford University, Stanford, CA, USA

ABSTRACT

Three flight lines of Airborne Imaging Spectrometer (AIS) data were
collected in 128 bands between 1.2 and 2.4 um in the Hot Creek Range,
Nevada on July 25, 1984, The flight lines are underlain by hydro-
thermally altered and unaltered Paleozoic carbonates and Tertiary rhyo-
litic to latitic voleanics in the Tybo mining district.

The original project objectives were to discriminate carbonate
rocks from other rock types, to distinguish limestone from dolomite, and
to discrimipate carbopate units from each other using AIS imagery.
Because of high cloud cover over the prime carbonate flight line and
because of the acquisition of another flight line in altered and unal-
tered volcanics, the study has been extended to the discrimination of
alteration products.

In an area of altered and unaltered rhyolites and latites in Red
Rock Canyon, altered and unaltered rock could be discriminated from each
other using spectral features in the 1.16 to 2.34 um range. The altered
spectral signatures resembled montmorillonite and kaolinite. Field sam-
ples were gathered and the presence of montmorillonite was confirmed by
x-ray analysis.,

INTRODUCTION

Three flight lines of Airborne Imaging Spectrometer (AIS) data be-
tween 1.2 to 2.4 um wavelengths were acquired in the Hot Creek Range in
south central Nevada (Figure 1) from a NASA C-130 aircraft on July 25,
1984 at an average of 19,000 feet above mean terrain, Thematic Mapper
Simulator (NSOOL) imagery, Nikon black and white photographs, and Zeiss
color photographs were collected simultaneously. The proposed flight
lines are shown as dashed lines in Figure 1 and the actual flight lines
are shown as solid lines. The flight lines were designed to include as
many different carbonate formations as possible. Four limestone forma-
tions, three dolomite formations, two shale/argillite formations, one
quartzite, one siltstone and three volecanic units ranging in composition
from rhyolite to dacite were represented on the proposed flight lines.
The primary objective was to uge the AIS imagery to discriminate between
carbonate units and other rock types, to distinguish limestone from
dolomits, and limestone formations from each other.
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GEOLOGY OF THE HOT 'CREEK AIS SITE

In the southern Hot Creek Range approximately 7,500 feet qf Paleo-
zoic marine carbonates, sandstones and shales are overlain by 15,000
feet of Tertiary volcanics and volcaniclastics. Seventy-five percent of
the Paleozoic section consists of carbonates (Cook, 1966; Quinlivan and
Rogers, 1974). During the Devonian-Missippian Antler orogeny, western
assemblage eugeosynclinal rocks were thrust over eastern assemblage mio-
geosynclinal carbonates and clastics.

The major structural elements of the Hot Creek Range were formed
in Cenozoic time and they consist of a broad anticlinal arch and normal
faults. Normal faulting occurred concurrent with, and subsequent to,
the eruption of large volumes of rhyolitic ash flow tuffs and minor
amounts of intermediate lava.

The Cenozoic normal faulting has juxtaposed Paleozoic structural
blocks adjacent to each other and to the Tertiary volcanics, and this
juxtaposition enables the collection of AIS imagery over many of the
carbonate and volcanic units in a short flight distance.

The project area is located in the Tybo mining district, a large
producer of silver, lead, gold and zinc prior to 1940 (Kleinhampl and
Ziony, 1984) with Paleozoic carbonates being the primary host rocks for
mineralization. Alteration has locally affected both the carbonates and
the volcanics. The carbonate units have been dolomitized, silicified
and stained by ferric iron minerals, while the volcanics have been sub-
ject to bleaching, silicification and argillic and propylitic altera-
tion.

AIS AND ANCILLIARY DATA DESCRIPTION, QUALITY AND ANALYSIS PROCEDURE

The proposed AIS flight lines (Figure 1) were designed to include
as many Paleozoic carbonate formations as possible, with the highest
concentration of carbonate units on the proposed northern line which
extends from Tybo Canyon to Rawhide Mountain.

As flown, ore northern line passes over almost entirely altered and
unaltered volcanics and is cloud-free. The second northern line which
passes over a high concentration of carbonate units contains 25% cloud
cover and cloud shadows. The southern AIS flight line as flown, extends
from just east of Rawhide Mountain southeast to Warm Springs and con-
tains 17% cloud and cloud shadow cover. It passes over Tertiary vol-
canics, Paleozoic clastic units and some carbonates. Taking into consi-
deration the change in the location of the flight lines and the weather
conditioris, it was decided to extend the Hot Creek AIS study to include
alteration in both volcanics and carbonates in addition to
discriminating between carbonate formations.

Thematic Mapper Simulator (TMS) data tapes were analyzed on a VAX/
IDIMS system to locate areas of alteration as well as to enhance car-
bonate formations prior to processing the AIS tapes.

On July 25, 1984 at 1300 hours, 128 bands of AIS imagery in the Hot
Creek Range were collected in the scan mode by the sensor over four
grating positions. The calibrated wavelength range was 1.16 to 2.34 pm
and the band width was approximately 9 nm, Flight lines average about
19,000 feet (5.8 km) above mean terrain; AIS swath width is 1200 feet
(370 m); and ground instantaneous field of view or pixel size is about
38 feet (12 m).
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For a first look at AIS imagery and ancilliary data, an area of al-
tered rhyolitic and latitic ash fluw tuffs in Ra2d Rock Canyon was
chosen, The 5x7 Nikon prints taken on the flight and as resceived from
JPL were printed low contrast. We enlarged these to 8x10 and printed
them high contrast as suggested by R.J.P. Lyon (personal communication).
A mask for the Nikon photos, the width of the flight line (approximately
1200 feet), was produced. The high contrast Nikon enlargements with the
mask overlay made it relatively easy to locate position on the AIS
imagery when used in conjunction with color aerial photographs.

All 128 AIS bands in the Red Rock Canyon area were examined in
strips of 32 by 512 pixels. Raw data and data to which a sun radiance
and an atmospheric correction (Solomon, 1984) had been applied, were
compared. Both in the raw bands and atmospherically corrected bands,
across-track striping is pronounced in the shorter wavelength bands but
not in the longer wavelength bands. Along-track striping is prominent
in all wavelengths of raw data as a result of uneven detector response.
The along-track striping is not present in the atmospherically corrected
data and has been removed by the atmospheric correction algorithm.

AIS data were analyzed using SPAM (Spectral Analysis Manager) de-

veloped by the Jet Propulsion Laboratory (JPL). Figures 2 and 3 show

spectra of the last 32 AIS bands (2.05 to 2.34 um) of altered and
unaltered rhyolitic and quartz latitic ash flow tuffs from the Red Rock
Canyon area. The spectra in Figure 2 are not atmospherically corrected
while those in Figure 3 are., An absorption feature near 2.2 pm can be
seen in the spectra of altered volcanics and becomes much more
distinctive after the atmospheric correction has been applied.

A SPAM unsupervised classification function called FIND PLOT
searches for pixels with spectra in all 128 bands similar to those of a
specified pixel and color codes all such similar pixels on the image.
When FIND PLOT is applied to raw AIS data and asked to find pixels
similar to those in altered or unaltered rhyolite, the result is colored
bands coincident with the along track striping previously discussed.
This implies that there 1is greater similarity ameong pixels from
individual detectors than among pixels from similar geologic entities.
However, when the FIND PLOT function is applied to atmospherically
corrected AIS data, a correct classification of altered and unaltered
volcanics results.

Since altered volcanics can be distinguished from unaltered vol-
canics in Red Rock Canyon, SPAM library spectra of different minerals
with absorptions near 2,2 um were compared with altered rock spectra
(Figure 4) and field and laboratory data were gathered. Some AIS spectra
in the 2.2 pm region had signatures that resembled kaolinite and others
had signatures that resembled montmorillonite. Although AIS spectra
were examined over the entire altered area, only a limited number of
samples of altered and unaltered rock along the AIS flight line were
collected, examined and x-rayed. A location which appeared to consist
of unaltered rock on AIS imazgery proved to be a densely welded tuff
composed of quartz, plagioclase, K-feldspar and biotite, From x-ray
analysis, one sample from the altered area -consisted of pure
montmorillonite and two others proved to contain the same minerals as
the unaltered tuff with the addition of some montmorillionite.
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CONCLUSION

AIS spectra of altered and unaltered ash flow tuffs,with and
without atmospheric corrections applied, have been examined in the Red
Rock Canyon area. It was possible to distinguish unaltered volcanics
from altered volcanic rock with AIS spectra. Based on comparison with
library spectra, montmorillonite and kaolinite could be present and
montmorillonite was found to be present from x-ray analysis.

Flight lines as flown, as compared to flight proposed, contain a
lower concentration of carbonate units than expected because of high
cloud cover. The Hot Creek AIS study has therefore been extended to
include hydrothermal alteration as well as carbonate formations.

Over the next two years we look forward to more detailed studies
dealing with both carbonate formations and altered rock in the Hot Creek
Range using AIS imagery.
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INTERPRETATION OF AIS IMAGES OF CUPRITE, NEVADA USING CONSTRAINTS
OF SPECTRAL MIXTURES
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ABSTRACT

A technique is outlined that tests the hypothesis that AIS image
spectra are produced by mixtures of surface materials. This technique
allows separation of AIS images into concentration images of spectral
endmembers (e.g., surface materials causing spectral variation). Using
a spectral reference library it was possible to uniquely identify these
spectral endmembers with respect to the reference library and to
calibrate the AIS images.

INTRODUCTION

A primary objective for interpretation of multispectral images is
to identify the direct physical factors causing spectral variation on
the ground. We demonstrate in this paper that a spectral mixture model
makes possible the identification of image spectra, assuming that there
is a linear relationship between image spectra and a library of refer-
ence spectra. Modeling spectral mixtures reduces the dimensionality of
the spectral data and leads to inferences regarding the spatial inter-
relation of spectral classes that have been delineated using conven-
tional classification techniques.

Two AIS image scenes from Cuprite, Nevada were ana]yzed against a
reference library of laboratory spectra. The first image is from August
1983 (RUN ID101) and the second July 1984 (RUN 1D403). A1l analyses
were limited to the wavelength range of 2.1 um to 2.4 um comprising 32
spectral channels. The reference library spectra were obtained from
field samples collected from the Cuprite area. They included a variety
of altered rhyolites containing opaline silica, kaolinite, and alunite,
and samples of soils, playa, desert varnish, and green and dry
vegetation. The laboratory spectra were taken using a Beckman DK2-A
spectrophotometer.

An initial objective of our analysis was to determine the spectral
endmembers and their abundances among the laboratory samples, using the
method described by Smith et al. (1985). The endmembers are defined as
those spectra from the reference library that when linearly combined
(1inear mixture model) can form all other spectra. Endmembers must have
an abundance of 1 and the computed endmember abundances for all other
spectra must be between 0 and 1. Based on the eigenvalues of spectra in
the 2.1 to 2.4 um region there are six potential endmembers among the
Cuprite samples: opaline silica, desert varnish, alunite, kaolinite, and
playa, and green vegetat1on. A plot of the transformed spectra by the
two primary eigenvectors is depicted in Fig. 1. These plots indicate
the compositional trends for the reference samples. A major objective
is to determine to what extent the variation observed in the reference
spectra is present in the image spectra.
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Fig. 1, The linear transformation of laboratory spectra of field samples
onto the first two principal axes of variation. Prospective endmember
spectra are those nearest the outside boundaries.

COMPARISONS OF NORMALIZED SPECTRA

For the image spectra we also determine how many endmembers are
required to predict all other image spectra given the previously stated
constraints. However, unlike the laboratory spectra, the image spectra
include variation from the surface orientation, atmospheric absorption,
etc. Thus, some of the endmember spectra resolved from the image may
represent factors that are not associated with mixing of the spectra of
the surface materials. Three unknown spectral endmembers were found for
the 32 wavelength bands of 2.1 to 2.4 um using the calibrated energy
normalized image of August 1983. Here, normalized spectra are computed
by dividing each reflectance by the sum of the refiectances over the
wavelength interval of analysis. Mixtures of these image-derived
endmembers model all image spectra to nearly within the instrumental
error. Further comparisons need only consider these endmember spectra
and their uniqueness in causing the observed spectral variation. To
compare the image spectra with the reference spectra it is necessary to
calibrate the image data.

To first order, we select a linear model that maps flux density
measurements of the surface to reflectance measurements from a

laboratory spectrophotometer, i.e.,
n

Gy, (DNb + Ab) = iz'l (fn Rnb) (1)

where G, is the gain for band b, A, the offset for band b, DNy is the
image brightness value for band b, ?n the fraction of endmember n, and R
the reflectance of endmember n for band b. The G,'s can be different
for each wavelength band. If the image is correctly calibrated the Gy
coefficients can be reduced to one by normalizing both image and
reference spectra by the sum of flux densities or reflectances over the
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32 wavelengths. Using the 32 channels from 2.1 um to 2.4 um of Cuprite
(August, 1983 image) an optimal solution of spectral mixtures providing
correspondence in spectral variation between the image and the Ca
reference library was determined to include alunite, kaolinite, and :
playa silt. Using normalized spectra we could not differentiate between
the playa silt, opaline silica, or vegetation in the 2.1 to 2.4 um
range.
The use of normalized spectra with a simple calibration model does
support the hypothesis that image spectra are produced by mixtures of
surface materials. The disadvantages of this approach are that if the
attenuations are poorly corrected due to instrument-calibration errors
and/or atmospheric uncertainties, then solutions based on the spectral
library may be wrong. Also, much of the spectral variation is lost from
normalizing the spectra by whatever method, and thus may result in more
than a single physical explanation (i.e., reduce the uniqueness) of the
source of spectral variation. Optimally, it is desired to have a
technique that validates the atmospheric corrections and instrumental
calibration assumptions as well as providing a unique solution to the :
source of spectral variation. .

ABSOLUTE SPECTRAL COMPARISONS CALIBRATED TO TWO OR MORE REFERENCE AREAS

Given laboratory measurements of representative samples, the gains
and offsets expressed in Equation 1 could be calculated directly by -
hypothesizing analogous image and laboratory spectra. This requires |
that pixels exist in the image that encompass spectrally pure and homo- |
geneous areas on the ground (training areas) and that such spectra also
exist in the reference library. To determine the gains in Equation 1,
we perform a linear search of the reference library solving for the
attenuations (G,) for each spectrum. For a given mixture mode. of n
spectral endmembers in an image, the validity of the attenuations is
determined from the compositional abundances and rms errors and should
ideally appear as in Table 1. Note that at this point we introduce
i]]u?ination intensity (shade) as a spectral endmember (Adams et al., -
1985 . VL L

Table 1. The optimal pattern of reference and 1ibrary endmember ;f{;
abundances if the calculated attenuations (G,) are valid. -

Abundance of Abundances of Image Endmember:

Reference - TTTumination

Spectra Spectrum A Spectrum B  Intensity rms error ;
Sample A 1.0 0.0 0-1 0

Sample B 0.0 1.0 0-1 0 5
Sample C . . . 0-1 0-~1 0-1 0

For the July, 1984 uncalibrated AIS image two training areas
were selected representing a fan containing varnished rhyolites
(varnished spectrum) and "“kaolinite hill" (kaolinite spectrum).
Searching the spectral reference library for the optimum calibration, as
defined above, resulted in a single solution (Table 2) that matches the
above matrix pattern. The search through the reference library included !
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140 reference spectra of minerals and vegetation in addition to the
spectra of samples collected from Cuprite. Abundances that are less
than zero and greater than one indicate spectral variation that is
greater than that of the sample for which the attenuation coefficients
were computed. The model could be changed to incorporate the reference
spectrum endmember having the greatest degree of variance, which would
result in all positive fractions with values between zero and one,
similar to the ideal pattern of Table 1.

Table 2. An Optimal mixture model fit of the Cuprite, Nevada (July, 1984)
uncalibrated AIS image. This model provided the best fit for the major
source of spectral variation in the image.

Abundance of Abundance of lmage Spectra:

Reference Tumination

Spectra Varnished Kaolinite Intensity rms error
Varnished Rhyolite #1 1.0 0.0 0.0 0.00
Kaolinite #2 0.0 0.6 0.4 0.01
Kaolinite #1 0.0 0.9 0.1 0.02
Varnished Rhyolite #3 1.6 -0.4 -0.2 0.01
Varnished Rhyolite #2 1.1 0.2 -0.3 0.02

D S Y N R e (N P D B TR P A M D D D D R G I S D T G S D G5 P D R R G G R D S S R W W D D R e R AT D EP D G M S P R S S R D D YR P S GY R A

Unlike the example using normalized spectra, the above procedure
provides a means of calibrating an image absolutely with resgect to
illumination intensity, and thus resolves the effects due to both sur-
face orientation and self-shading of surface materials. The illumina-
tion intensity is a spectral endmember analogous to the endmembers of
the surface materials. An image of the illumination intensity provides
qualitative evidence of the validity of the model by depicting topo-
graphical features. From this calibration, it was possible to determine
that the albedo of the most likely spectral reference endmember was
associated with the playa silt. The opaline silica and vegetation
spectra that were similar to the playa when normalized are distinct and
separable when spectral variation due to illumination intensity was
removed and comparisons made on non-normalized spectra.

Vertical striping occurred in the endmember abundance images, and
is a result of assum1ng that all vertical lines had equal attenuation
coefficients This is true to a first approximation, but for
extraction of tRe minor absorption features characteristic of minerals
such as alunite and kaolinite these differences in gain must be exact.
The presence of the vertical striping indicates the calibration proposed
by Equation 1 is not valid in the case of the AlS images, where each
vertical line can have a different gain and offset as well as each
wavelength band.

ABSOLUTE SPECTRAL COMPARISONS CALIBRATED TO MIXTURES OF ENDMEMBERS

Reference (training) areas of spectrally pure materials do not
always exist on the pixel scale in an image. More typically all pixels
contain spectral mixtures. A more generalized approach requires only
that the mixture space in the spectral 1ibrary exist in the image. For
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the simple case of two mixture components in an image the following
equations are applicable:

Gg Gp DNoyp = F1a Regp + (1 = f14) Ragp (2)
Gy DNap = f1p Re1p + (1 = f1p) Ragp (3)

G, is the gain for band b, Gg a gain due to differential illumination

of the image endmembers, DNelb and DNgop, are the 16-bit image brightness
values for two spectral endmembers el and e2 in the raw data AIS image,
fla and f;,, are the fractions of reference spectra that mix to form the
image spectra, and Ry, and R,y are the library reflectances of two
reference spectra at band b. Our objective is to identify those combi-
nations of spectra in the reference library that provide a solution to
the fractions in Equations 2 and 3 and to determine how unique the
solution is with respect to the reference library. The example is based
on two spectra for simplicity; however,multiple spectra were actually
used. By algebraic manipulation of Equations 2 and 3, one can solve for
the mineral abundances (fla and f ) independent of the ga1ns Gy. Since
the fractions should be constant a each wavelength for a given mixture
of materials, the 32 wavelength bands from the AIS image allow a least
squares fit (or coefficient of variation) to be determined for each
fraction from any combination of two library reference spectra. By
searching the spectral library using all combinations of two spectra in
the reference library we can rank solutions by their fit to all 32
bands. For the Cuprite images this search procedure also led to the
spectra of kaolinite and varnished rhyolite.

It is also possible to use Equations 2 and 3 to test the assumption
that the calibration gains and offsets are spatially equal as well as to
compute them. In the previous example we found that this assumption was
not valid. Spatial gains and offsets can be calculated by identifying
the spectral endmembers in each line independently. For an image with
two spectral endmembers Equations 2 and 3 can then be applied to solve
for the gains G, between each line rather than between the image and the
reference library. It is not necessary that all endmembers be repre-
sented in the image spectra from 1ine to line, but at least two of the
endmembers must be present.

CONCLUSIONS

We have demonstrated an approach using spectral mixture models and
a spectral reference library that identifies the origin of spectral
variation in AIS images. To make use of the spectral library it was
necessary to separate the effects of spectral variation in the image
that were not due to surface materials, e.g., illumination intensity,
atmospheric attenuation, and instrument calibration. The Cuprite image
was modeled successfully as spectral playa siit, kaolinite, alunite, and
shade. These materials form spectral endmembers in the 2.1 to 2.4 um
range, whereas other samples are spectral endmembers in other wavelength
regions (e.g., green vegetation in the 0.4 to 1.1 um range).

The alignment of image and reference library spectral endmembers
prov1des evidence that linear spectral mixtures are appl1cab1e to or-
ganizing the high spectral-spatial resolution of AIS images. The
inverted approach to calibration presented here does not rely on -

66




 §tétisticai~a3sumptions or local parameter uncertainties in removing
effects due to atmospheric attenuation and instrumental calibration, and
so provides an independent test on the applied calibrations.

»*
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AGRICULTURAL LABORATORY

BLAINE L. BLAD, PATRICK J., STARKS, CYNTHIA HAYS, University of
Nebraska, Lincoln, Nebraska, USA; BRONSON R. GARDNER, Standard Oil of
Ohlo, Cleveland, Chio, USA

ABSTRACT

Since 1978 scientists from the Center for Agricultural Meteorology
and Climatology at the University of Nebraska have been conducting
research at the Sandhills Agricultural lLaboratory on the effects of
water stress on crop growth, development and yield using remote sensing
techniques. We have been working to develop techniques, both remote
and ground-based, to monitor water stress, phenological development,
leaf area, phytomass production and grain yields of corn, soybeans and
sorghum, Because of the sandy soils and relatively low rainfall at the
site it is an excellent location to study water stress without the
necessity of installing expensive rainout shelters.

The primary chjectives of our research with the AIS data
collected during an August 1984 flight over the Sandhills Agricultural
Laboratory are to evaluate the potential of using AIS to: (a) discri-
minate crop type; (b) to detect subtle architectural differences that
exist among different cultivars or hybrids of agronomic crops; (c¢) to
detect and quantify, if possible, the level of water stress imposed on
the crops; and (d) to evaluate leaf area and biamass differences for
different crops.

MATERTALS AND METHODS

AIS data were collected at approximately 1500 h solar time on
August 7, 1984, 1In 1984 we oconducted experiments on several different
agronomic crops including six different corn hybrids, same of which
were architecturally quite different. Other vegetative surfaces
included soybeans, alfalfa, corn grass (corn planted into grass rather
than bare soil), rangeland and a recently harvested cat field,

Different water stress levels were achieved by means of sprinkler
irrigation. At various times during the growing season moderate to
severe levels of water stress were established on sane plots.
Unfortunately, about 1.2 on of rain wore received the night preceding
the AIS flight so only minor differences in water. stress levels between
the different plots were present at the time of the overflight.

After narrowing the AIS data to include only that portion of the
AIS data set in the general vicinity of the research plots, frequency
distribution curves were obtained for each AIS$ channel, Two types of
frequency distribution curves were observed--one was single peaked and
the other showed a bimodal distribution. Gray maps were produced using
a channel representing each curve type. The gray map produced with the
bimodal type curve was much more useful thai the single peaked curve in
pinpointing the locations of the various plots. Same difficulty, due
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in large measure to an adjustment in the flight path over the plots,
was encountered in locating the plots on the gray map.

Once the research plots and surrounding features were identified
from the gray map, 10 pixels from each of six different vegetation
types on the imagery were selected for the discriminant analysis proce-
dures. Also one pixel fram each vegetation type was selected to pro-—
duce spectral curves. The data reported on here were not calibrated
except for making the radiametric corrections.

*In our study we attempted to discriminate between the six vegeta-
tive types using data fram the 128 AIS channels as the discriminating
variables, We first used all 128 channels of data wvia the direct
method, i.e., all variables were tested to meet a default tolerance
test, Those variables which met the requirements were then used in the
construction of discriminant functions to classify each of the six
groups. Next we used the direct discriminant analysis procedure on
each group of 32 channels (i.e., 1-32, 33-64, 65-97 and 98-128).
Lastly, we employed a stepwise discriminant analysis procedure which
selects independent variables for entry into the analysis based on
their discriminating power (Kleeka, 1975). Of the five selection cri-
teria available we selected the Wilk's method. This method employs the
overall multivariate F ratio tor the test of differences among group
centroids., The variabie which maximizes the smallest F ratio between
pairs of groups also minimizes the Wilk's lambda, a measure of the
group discrimination (Kleeka, 1975).

RESULTS AND DISCUSSION

An examination of the spectral curves for the different vegetative
surfaces suggests the following: (1) The curves for the corn - corn
grass are almost identical in shape and magnitude except that the corn
grass shows slightly higher reflectance in the 1160-1307 rm range and
some variability in the shape of the two curves in the region fron
about 1600-1710 mm. (2) The reflectance from corn was slightly less
than for soybeans or alfalfa for almost all channels. Some features in
the curves of the three crops between 1185 and 1310 nm and fram 1605 to
1775 nm suggest that fine spectral resoclution data in these regions may
be useful in discriminating between these three crops. (3) The magni-
tude of the reflectance from the ocat stubble is consistently higher
than fram any other surface throughout the entire range of the AIS.
This may result from a greater contribution of soil reflectance due to
reduced vegetative cover. High reflectance from this soil in TM5 and
TM7 has been previously observed. (4) Compared to the corn the magni-
tude of the reflectance from the rangeland in the wavebands from 1150
to 1310 mm is less but from 1450-1760 mm and from 2000-2340 nm it is
higher. Features of the curves in the 1185-1310 and 1605-1710 nm
regions of the spectrum should be examined in greater detail for their
use in discriminating rangeland and ocat stubble from corn.,

To this point, we have only been able to analyze the AIS data to
meet objective (a). Future analysis is planned to meet the remaining
objectives, For the discriminant analysis procedure using all 128 AIS
channels we found that channels 1-50, 53 and 116 passed the tolerance
test. Using the data from these channels we achieved a 100% classifi-
cation accuracy with gocd separation of the different vegetative types.
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When we used only the first 32 channels we achieved a classification
accuracy of about 98% with good separation of all types except for the
corn fram the corn-grass. With channels 33-64 we had a classification
accuracy of 10(iz and very good type separation., For channels 65-97 we
had a classification accuracy of only 72% and all except channels 65,
66, 68, 71, 74 and 83 failed the tolerance test. We achieved a 100%
classification accuracy using channels 98-128 but the separation was
not particularly good.

Using the stepwise discriminant procedure twenty-six channels were*
selected to construct the five discriminant functions. The twenty-six
channels selected were 2, 8, 9, 16, 23, 25, 30, 32, 34, 36, 42, 44, 49,
51, 61, 62, 63, 64, 65, 91, 99, 102, 113, 116, 117 and 127. The
classification accuracy was 100% and the separation between vegetative
types was very good—-the best of all the procedures.

In conclusion, it should be emphasized that thz results of this
study are very preliminary and further analysis is required before
definitive statements about the true value of AIS data for monitoring
agronomic and rangeland vegetation can be made. Nevertheless, the
results thus far suggest that AIS data does an excellent job of
discriminating between the various types of vegetation examined at this
site and that there are same features in certain AIS wavebands that may
be useful in discriminating vegetation type.
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ABSTRACT

The Sandhills Agricultural Laboratory is operated by the
University of Nebraska. The laboratory is located in the south-central
part of the Nebraska Sandhills near Tryon, Nebraska (41° 37' N; 100°
50' W). The laboratory is surrounded on the west and south by native
rangeland wvegetation, on the south by a large field of corn irrigyated
by a center pivot, and on the east by wheat stubble. This site is
appropriate for moisture stress studies since rainfall is almost always
inadequate to meet evaporative demands of agricultural crops during
most of the growing season and the sandy soils (Valentine fine sand) at
the site do not store large quantities of water., Various levels of
water stress are achieved through irrigation from solid set sprinklers.

HISTORICAL SUMMARY

Remote sensing research began at the laboratory in 1978 with a
canopy temperature study designed to determine relationships between
crop water use, grain yield and canopy temperatures of corn and
sorghum. 1In 1979, a study was conducted to demonstrate the feasibility
of using canopy temperatures to schedule irrigation in corn. In 1980
a pilot study was conducted to determine the feasibility of growing
soybeans in the Sandhills and to evaluate the use of canopy tem-—
peratures in monitoring crop water stress.

In 1981, the laboratory became involved in AgRISTARS research
using the eight-band Barnes radiameter, which simulates the Thematic
Mapper wavebands, Experiments have been conducted on corn and
soybeans, These experiments have addressed techniques for remote
estimates of biamass, leaf area and yields and water stress, canopy
geometry and hybrid effects on canopy reflectance. Although the
AgRISTARS program no longer exists, research in this area has
continued.

The laboratory has been involved in a broad range of agricultural
research in addition to its remote sensing efforts. Studies have been
conducted on nitrogen levels in corn, corn-grass inter-cropping
systems, variety testing, wheat, sorghum and soybean agronamic studies.
In addition, studies.have been conducted on the inter-—actions between
irrigation and spider-mite populations. Physiological studies of leaf-
water potential, stomatal resistance, photosynthesis and transpiration
are also conducted. In short, the laboratory has been the site of a
wide range of studies of importance to agricultural scientists,
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The areas of primary interest in 1984 were located in the south
portion of the lab, known as D area and in C area (see figure). There
were sixty plots used in this study. Each plot measured approximately
18 meters E to W and 9 meters N to S. Twelve plots were planted to
soybeans (cultivar, Corosoy). The remaining 48 plots were planted in a
completely randamized design to five hybrids of corn. Four of these
plots contained a population study of Pioneer 3901, wherein the popula-
tions ranged between 15000 and 30000 plants/ha., The remaining 44 plots
of ocorn were planted to Pioneer 3901, B73xMol7, and three experimental
hybrids designated: S3, S6 and S12. Two irrigation treatments were
used: 1, full irrigation and 2, 33% of full irrigation.

Phenology and plant height measurements were made weekly. Wet and
dry weights of leaves, ears and stalks were cbtained every two weeks.
Canopy temperatures were measured several times weekly between 1400 and
1600 local time. Canopy reflectances were measured in the Thematic
Mapper wavebands approximately weekly, or whenever conditions per-
mitted. Diurnal studies of canopy temperature, photosynthesis and sto-
matal resistance were conducted on selected days. Sixty teet of row
were harvested per plot for grain-yield estimates at the end of the
season. Soil moisture contents were measured with a neutron probe on a
weekly basis. Phenological data were collected at least twice weekly
and on a daily basis during the pollination period.

72




C3C H.r ] [ _.FLE.EE rl_r:rqrq
_._r:Lm_LF._“
I s s e

e <f St e

|

R s s
" T V] 7 De ﬂl‘\.‘lv
“ | @M Y% H.wv_ N :
_ ' 1.".8 “."' Sesmspamssssens PEosssesussEESsw@me L]
" AIW N mm.mj A./ “WooT 1 o life 8
| @ I a Saumus ’ ' " I
i 5 J{mmjcaleaY g i o Y e 1 F i R
| "m__:w o[- S O O |
O — -
" | 300 i - - : e E e s
e o m..“ “D Ch % | [E][&E ] i s l- o |N|= ® = “
|. - 15 | 5] 5] [ ]p=eS8 ' 1 ®
D D- 5 3 8 “ ‘IIIIIF llllllll N " b
“gﬁ-m_l:l_ruc Y H i conmne]
es _I__L._I:I_._I:I_:Jj NN
1 OO :u._l__,l_._l:u._,l_j.j_l_ S s 2 Sl |2
2 °
'O OO o Ol Hiamf= Y OMQOMG G@G myra
: s : 2
s O c
-

Sandhills Ag. Lab. Solid Set Irrigation 1982

73



N86-11629

PRELIMINARY EVALUATION OF AIS SPECTRA ALONG A TOPOGRAPHIC/MOISTURE
GRADIENT IN THE NEBRASKA SANDHILLS

DONALD C. RUNDQUIST, Remote Sensing Center, Conservation and Survey
Division, Institute of Agriculture and Natural Resources, University of
Nebraska, Lincoln, Nebraska, USA.

ABSTRACT

Six spectral plots, each summarizing single-pixel reflectance for
128 channels of AIS data, were examined. The six sample pixels were
located along a topographic/moisture gradient from lake surface to dune
top in the Nebraska Sandhills. AIS spectra for various moisture
regimes/vegetative zones appear quite logical, with a general positive
relationship between increasing elevation (i.e., decreasing access of
plant roots to water) and increasing reflectance in the spectral
regions diagnostic of leaf-water content (i.e., bands centered on
1.65 and 2.20 um). '

INTRODUCTION

The importance of moisture content in piant leaves as a factor in
spectral reflectance is well known and widely accepted in remote
sensing. Close examination of one spectral region, the middle-infrared,
underscores the water-content/reflectance relationship since re-
flectance measurements at 1.65 and 2.20 um are significantly related
to the total amount of water in the leaf and to the leaf-moisture
deficit (Myers et al, 1970).

The intent of the present research activity was to provide a
cursory evaluation of the utility of AIS spectral data for detecting
variations in vegetative water status along a topographic/sub-surface
moisture gradient in the Nebraska Sandhills. The availability of water
is a primary determinant in the composition of plant communities that
cover the sand dunes and inter-dunal valleys (IANR, 1983).

The study area for the research was the Crescent Lake National
Wildlife Refuge, Garden County, Nebraska. This 46,000 acre unit is
located in the western portion of the Nebraska Sandnills. The land-
scape consists of sand dunes stabilized, for the most part, by range
grasses. Lakes and wetlands are numerous due to a large underground
water reserve and minimal depth to that ground water. Many of the
lakes in and around the Crescent Refuge are alkaline; summer temper-
atures exceed 100 degrees F and total annual rainfall is only about
16 inches.

The specific site selected for detailed examination is along a
Tine extending from (and including) the northwestern portion of Gimlet
Lake to a dune field beginning approximately one-fourth mile northwest
of the lake. Relief from the lake to the dune tops is on the order of
100 feet.

The rationale for the analysis is based upon a simple inverse
relationship between the elevation of selected locations along a
Sandhills transect and the access of vegetation at those locations to
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moisture, whether at the surface or in sub-surface storage. In the
Sandhills, the densest, most productive vegetation (by weight) occurs
in the shallow lowland marshes and subirrigated meadows while the
least productive is found on the dunes (IANR, 1983; Novacek, 1984).
Spectral data were acquired at the Crescent Refuge by the NASA
Ames C-130 flight crew on August 6, 1984 for AIS grating positions 1-4.
The flight corridor, five miles in length, began over Crescent Lake
and terminated about two miles north and west of Gimlet Lake. Ground
resolution elements are approximately ten meters on a side. Simul-
taneous 35mm black-and-white aerial photography, color-infrared
aerial photography, and airborne Thematic Mapper digital data were
obtained. A small subset of the Sandhills AIS dataset was analyzed for
the present research. The dataset received the standard NASA JPL
radiometric correction, but was neither calibrated for solar irradi-
ance nor the atmosphere because of the short time span between data
receipt and preparation of this preliminary report.

ANALYSIS

Six pixels were selected for analysis along the transect described
above. Each of these six AIS elements was located within the study
site through comparison of the digital dataset with the concurrent
aerial photography, 35mm oblique air photos of the area taken during
previous projects, on-site ground-level photos, and the relevant USGS
map quadrangle (Mumper, Nebraska, 15-minute). Unfortunately, a short
lead time prior to the execution of the flight negated in-field
vegetation sampling at the time of the mission. However, the on-site
characteristics of each sample pixel (from wettest to driest position)
can be summarized.

The first element ("lake surface") was comprised of open surficial
water, for the most part, although some floating vegetation was present
at the time of the AIS data collection and is discernible on the color-
infrared photos taken during the mission. The Tocation of the second
element ("lake margin") was also offshore, although it was in close
proximity to the shoreline. The vegetative mat was relatively thick,
as evidenced on the aerial photography, with some emergents associated
with floating types. Such a Sandhills location is typified by Cattails
(Typha), Bulrushes (Scirpus), and Reeds (Phragmites) (U.S. Department
of Agriculture, 1975). The third sample pixel ("shoreline") was
located on shore, but very close to the lake proper. Thick emergent
vegetation characterizes such a site with Cattails and Bulrushes being
colocated with vegetation such as Arrowhead (Sagittaria), Smartweed
(Polygonum), and some Sedges (Carex) (U.S. Department of Agriculture,
1975;. The location of the fourth element ("lowland meadow") is in a
Sandhills subirrigated meadow consisting typically of Sedges plus
Prairie Cordgrass (Spartina), Reedgrass (Calamagrostis), Reed Canary-
grass (Phalaris), Switchgrass (Panicum), some Big Bluestem (Andropo-
gon), and various shrubby plants (U.S. Department of Agriculture, 1975;
Nichols, 1984). The fifth element ("dune slope") is located on a
southeast-facing slope just above the meadow/dune transition. Such a
Sandhills range site contains mostly warm-season grasses including
Blue Grama (Bouteloua), Porcupinegrass (Stipa), and Little Bluestem
(Schizachyrium) (U.S. Fish and Wildlife Service, 1969; Nichols, 1984).
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The last element in the transect ("dune top") is located high on a dune
and consists of warm-season grasses such as Sand Bluestem (Andropogon),
Hairy Grama (Bouteloua), Prairie Sandreed (Calamovilfa), and Soapweed
(Yucca) (U.S. Fish and Wildlife Service, 1969; Nichols, 1934).

Three spectral plots along the topographic/moisture gradient are
shown as Figures 1-3. As expected, the variations in the curves tend
to occur in the three portions of the AIS spectrum separated by the
atmospheric water-absorption bands centered on 1.45 um (Channel 33)
and 1.93 um (Channel 85). Even though some variation in the spectra
is apparent in the range from Channel 1 (1150.68 nm) to approximately
Channel 20 (1334.9 nm), this area of the spectral plot is not important
with regard to the present analysis since spectral response in this
region is due primarily to cell structure rather than water content
(Hoffer, 1978). However, the spectra centering on 1.65 um (Channel 54)
and 2.20 wm (Channel 113) are significant to the purpose of this
research since, as noted earlier, these spectra are diagnostic of
water content in the leaf.

Reference to the spectra illustrated as Figures 1-3 allows for
some preliminary inferences. The "flat" curve associated with the
"lake-surface" element (not shown) is as expected, although some
minor amounts of reflectance from the floating vegetation were seen.

A noticeable increase in reflectance at all wavelengths is apparent in
the "lake-margin" element (Figure 1), but the curve remains relatively
flat due to the influence of standing water beneath the canopy of
emergent and floating vegetation. The spectra for the "shoreline"
pixel (not shown) was noticeably different from the first two examples.
Presumably, the effect of greater canopy development and 1ittle or no
standing water caused increased reflectance in the three spectral
"zones" adjacent to the two water-absorption regions. The slope of
the curve from approximately Channel 40 to Channel 60 (1513.2 -

1707.6 nm) may be of diagnostic value, but the cause of that slope is
as yet unknown to the writer. The most interesting spectral plot of
those presented may well be that for the "lowland-meadow" pixel
(Figure 2) where both a pronounced increase in reflectance and a very
steep slope can be seen for the peak vegetative-reflectance bands
centering on 1.65 um (Channel 54). Again, I am uncertain about the
cause for the change in slope, but the increased reflectance appears
to be diagnostic of a decrease in leaf-water content relative to the
previous pixel ("shoreline"). The spectral plot labelled "dune slope"
(not shown) not only exhibits reduced reflectance in the "cell-
structure" region (Channels 1-20), presumably because of reduced
density of vegetation as compared to the wetland locations of pixels
1-4, but also exhibits a noticeable flattening of the curve in the
area centering on 1.65 um (Channel 54). Interestingly enough, the
plot for the pixel located at the highest elevation ("dune top") also
displays a "flattish" characteristic for the spectral zone centering
on 1.65 um with what appears to be a slight tendency toward a
"negative" slope (Figure 3). Some exposed sand may contribute to
reflectance from the "dune-slope" and "dune-top" pixels, but further
research is needed to evaluate that phenomenon.
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CONCLUSION

Despite use of essentially uncorrected AIS data, the plotted raw
spectra are deemed useful for comparing and analyzing vegetative sites
in the Sandhills. Examination of data for the peak vegetative-
reflectance region centering on 1.65 um (Channel 54) produced the
expected result: a positive relationship between increasing elevation
(i.e., decreasing access of plant roots to water) and a general
increase in reflectance. It seems certain that variations in the slope
of the curve in this spectral region are diagnostic of some condition
related to the plants themselves or materials within their root zone,
but the exact cause of slope variability is unknown at present. Some
variation is evident in the spectral region centering on 2.20 um
(Channel 113), a secondary vegetative reflectance peak in the middle-
infrared, but the overall visual impact of variability is not as
pronounced as that for the 1.65 um peak.
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THE USE OF AIS DATA FOR IDENTIFYING AND MAPPING CALCAREOUS SOILS IN
WESTERN NEBRASKA

SCOTT A. SAMSON, Department cf Agronomy, University of Nebraska-
Lincoln, Lincoln, Nebraska, USA.

ABSTRACT

The identification of calcareous soils, through unique spectral
responses of the vegetation to the chemical nature of calcareous ’
soils, can improve the accuracy of delineating the boundaries of soil
mapping units over conventional field techniques. The objective of
this experiment is to evaluate the use of the Airborne Imaging Spectro-
meter (AIS) in the identification and delineation of calcareous soils
in the western Sandhills of Nebraska. Based upon statistical differ-
ences found in separating the spectral curves below 1.3 microns,
calcareous and non-calcareous soils may be identified by differences
in species of vegetation. Additicnal work is needed to identify
biogeochemical differences between the two soils.

Conventional methods for the tidentification of homogeneous soil
mapping units rely upon selective soil sampling and landscape
interpretation. While the former approach is a relatively quanti-
tative method, the latter is dependent upon the soil surveyor's
experience to accurately identify the boundaries of a soil unit (i.e.,
a qualitative judgement). The mapper relies upon his ability to o
separate seils, partly based on geobotanical observations and 1limited
biogeochemical analysis.

Aerial reconnaisance techniques have historically assisted in
delineating soil boundaries based on the ability to distinguish
between relatively homogeneous vegetation communities and the identi-
fication of changes in the topography. However, subtle changes in
vegetation are not always apparent on panchromatic or color-infrared
aerial photography because of spectral limitations found in the visi-
ble and near-infrared portions of the electromagnetic spectrum.

These variations in vegetation may be attributed to many factors, such
as differences in species, moisture availability or content of the
vegetation, or chemical stress.

The purpose of this experiment is to undertake a preliminary
examination of the feasibiiity of using the Airborne Imaging Spectro-
meter in the identification and delineation of calcareous soils in
the western Sandhills of Nebraska.

MATERIALS AND METHODOLOGY

Two soil series were selected for this experiment (Map 1). An
Els-Tryon complex, 0 to 3% slopes, was selected as the non-calcareous
soil, and a Els calcareous-Wildhorse fine sands, 0 to 3% slopes, to
represent the calcareous soils. Both locations are similar in range
site and type of vegetative cover (e.g., short meadow grass). These
soils were identified and mapped by the Soil Conservation Service
recently,and laboratory data on the chemical and mireralogical
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composition of the soils were not available at the time of this study.

A flight by the Airborne Imaging Spectrometer was made over the
study site on August 6, 1984, at approximately noon. The sky at the
time of the flight was free from clouds or apparent atmospheric haze.
Spectral datawere collected under the "rock" mode (GPOS 1-4) and were
obtained at a spatial resolution of approximately ten meters.

Processing of the spectral data collected by the scanner was
initially made on a Harris 700 computer, with an IBM/PC microcomputer
used to analyze data subsets and generate graphics. Statistical
analysis was made through the Statistical Analysis System (SAS) soft-
ware on an IBM 3081 mainframe computer. All software, except for the
multivariate statistical programs, were deveioped and implemented
locally at the University of Nebraska-Lincoln.

Six locations (pixels) were selected for an area covered by the
Els-Tryon complex (non-calcareous) soils, and three locations to
represent the Els calcareous-Wildhorse fine sands (Figure 1). A1l one
hundred and twenty-eight channels were extracted for each of the nine
samples. The raw data wereused for a11 analyses and were not adjusted
for atmospheric corrections.

Cluster analysis was used to test for statistical separation
(p < .05) between the two training sites to insure that spectral
differences were present. Dimension reduction of the one hundred and
twenty-eight channels was accomplished after the cluster analysis
through a t-test (p < .05).

RESULTS

Figure 2 shows the spectral curves for the average of the six
pixels from the non-calcareous soil and the three pixels from the
calcareous soil. Except for channels one through fifteen (1150.7 -
1288.8 nm), the curves are almost superimposed upon one another.

FASTCLUS, from the SAS cluster analysis set of programs, verified
that the two locations contained spectral curves which were more
similar within the training sites than between the two training sites.

With this test of separatability providing evidence that the two
test sites are probably spectrally distinct from one another, T-TEST
was used to reduce the number of dimensions down to those wavelengths
which explained statistically where the greatest difference between
the two sets (locations) of spectral curves occurred.

According to the results obtained from the t-test, channels one
through fifteen (1150.8 - 1288.8 nm), thirty-three (1448.4 - 1457.6 nm),
eighty-one (1892.0 - 1901.3 nm), and one hundred and six (2127.2 -
2136.5 nm) were statistically different between the calcareous and
non-calcareous soils. Figure 3 shows the same curves as were shown
in Figure 2 except for the removal of the curve segments which were
determined to be statistically similar to one another.

Possible explanation for the observed differences may be found
in channels one through fifteen. Empirical evidence has shown that
this region in the spectrum is associated with morphological features
of vegetation, indicating that the two curves may represent two
different types of vegetation (no field data has been collected to
confirm this supposition; however, the difference in the pH between
the two soils may influence the type of vegetation found at the two
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sites). Explanation for the effect the three discrete spectral
(channels thirty-three, eighty-one, and one hundred and six) has not
been investigated at this time. _

CONCLUSIONS

With the limited ground truth available at the time of this
study, it appears that a separation between a calcareous and a non-
calcareous soil can be made based upon geobotanical differences
between the two soils is not readily apparent, but may possibly be
found in one of the three discrete channels not analyzed in this
study. It may also be beneficial to pre-process the raw data to
remove atmospheric interferences as well as investigate additional
signal processing and statistical-techniques.

83



N8§6-11631

CALIBRATION OF AIS DATA USING GROUND-BASED SPECTRAL REFLECTANCE
MEASUREMENTS -

JAMES E. CONEL, Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, California, USA

ABSTRACT

Present methods of correcting airborne imaging
spectrometer (AIS) data for instrumental and atmospheric
effects include the flat- or curved-field correction and
a deviation-from-the-average adjustment performed on a
line-by-line basis throughout the image. Both methods
eliminate the atmospheric absorptions, but remove the
possibility of studying the atmosphere for its own sake,
or of using the atmospheric information present as a
possible basis for theoretical modeling. The method
discussed here relies on use of ground-based measure-
ments of the surface spectral reflectance in comparison
with scanner data to fix in a least-squares sense param-
eters in a simplified model of the atmosphere on a
wavelength-by-wavelength basis. The model parameters
(for optically thin conditions) are interpretable in
terms of optical depth and scattering phase function,
and thus, in principle, provide an approximate descrip-
tion of the atmosphere as a homogeneous body intervening
between the sensor and the ground.

SUMMARY

AIS and Thematic Mapper Simulator (IMS) data flights were
obtained under clear atmospheric conditions at Mono Lake, California,
on October 31, 1984, The planned AIS flight lines were oriented in a
north-south direction, extending 22 miles from north of Mono Lake,
south across Mono and Inyo Craters; the approximate flight elevation
was 20,000 feet above terrain. Both morning (solar elevation = 15
degrees) and noon (solar elevation = 43 degrees) observations were
taken. All of the planned flights were carried out, excepting the
northernmost (crucial) segment of the noontime series which was inter-
rupted by failure of the Thematic Mapper Simulator.

The north shore of Mono Lake is characterized by broad contiguous
beaches of (seasonal) bright evaporite crust and dark basalt pebbles
that extend with more or less lateral continuity an arcuate distance
of 10 miles in an east-west and northwest-southeast direction. Both
AIS and TMS flight lines were laid out to cross the beaches orthogo-
nally and with bright and dark swaths extending transversely across
the image width. The bright and dark beach deposits, together with
asphalt roads and other rock and volcanic deposits, provide a series
of calibration targets for the construction of reflectance scatter
plots. "The bright and dark interface between beach deposits is an
extremely sharp boundary that may be useful for study of  the

\
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atmospheric/instrumental modulation transfer functions. This bound-
ary, together with the evaporite-water interface, may be useful in
obtaining estimates of atmospheric parameters by yet another technique
known as the two-halves method. The lateral continuity of uniform
dark beach deposits provides multiple estimates of the atmospheric
optical depth (for TMS data) which may also be used for comparison
with estimates provided by the curve fitting and two-halves methods.
The surface of Mono Lake provides a large uniform target for flat-
field corrections.

An intercomparison of all the methods described plus experiments
with TMS data on separation of directional effects of atmospheric and
of surface origin, model studies on correction cf the data for atmo-
spheric effects, and geologic studies of the area will, to the extent
possible, be worked out with these data.
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ANALYSIS OF AIS DATA OF THE RECLUSE OIL FIELD, RECLUSE, WYOMING

Jon D. Dykstra and Donald B. Segal, Earth Satellite Corporationm, Chevy
Chase, MD 20815; (301)951-0104

ABSTRACT

AIS data were flown over the Recluse,Wyoming oil field
on September 9, 1984. Processing software has been developed
at Earth Satellite Corporation (EarthSat) for interactive
analysis of the AIS data. EarthSat's AIS processing
capabilities include destriping, solar irradiance corrections,
residual calculations, geometric resampling, equal energy
normalization, interactive spectral classifications and a
variety of compressive algorithms to reduce the data to 8-bit
format with a minimum of information loss. The in-house
photolab facilities of EarthSat can routinely produce high-
quality color renditions of the enhanced AIS data. EarthSat's
AIS processing capabilities are available to fellow
investigators through our Chevy Chase, Maryland office.

A total of 80 lithologic samples were collected under the
AIS flight lines. Correlation (within the atmospheric
windows) between the laboratory and the AIS spectra of sample
sites was generally poor. Reasonable correlation was only
possible in large, freshly plowed fields. We believe mixed
pixels and contrast between the natural and sample's surfaces
are mainly responsible for the poor correlation. Finally, a
drift of approximately three channels was observed in the
diffraction grating position within the 1.8 - 2.1 micron
quadrant. The drift appears to be sinusoidal in nature.

AIS DATA

Four flight lines of AIS dsta, and contemporaneous TMS data, were
flown over the Recluse, Wyoming o0il field. The Recluse o0il field is
located along the northeastern flank of the Powder River Basin.

Figure 1 is a location map for the Recluse o0il field and gives the
approximate position of the four flight lines. For this flight, the
AIS spectral range extended from 1,155 to 2.337 microms.

AIS DATA PROCESSING

A flow diagram of EarthSat AIS processing software is shown in
Figure 2. On this figure, EarthSat's processing begins at the
DESTRIPE position.

Destripe

The corrected data, as provided by JPL, still contains a residual
banding (or striping) zlomg the flight direction. The banding is
apparently caused by imbalances in the dark current (DC bias) of the
detectors across the pixel direction of the detector. If a -
sufficiently large area of homogeneous, spectrally flat material is
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present along the flight line it is possible to use the average
radiance values, collected over ssveral along-track pixels, to adjust
the bias differences between the cross-track elements of the array.
This is the approach commonly used by JPL, and one which produced the
"flat field corrected" data for the Cuprite, Nevada scene described in
the AIS User's Guide, '
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