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Discrimination of Arid Vegetation with Airborne
Multispectral Scanner Hyperspectral Imagery

Megan Lewis, Vittoria Jooste, and Aurelio A. de Gasparis

Abstract—Hyperspectral imagery from the airborne multi- ations in vegetation composition has proven to be difficult.
spectral scanner was evaluated for discrimination and mapping of The existing multispectral sensors are inherently limited for
vegetation components in a semi-arid rangeland environment iniscrimination of different species and variations in vegetation
Southern Australia. Automated unmixing of two image strips with ition b f their broad bandwidths. the limited
5-m resolution revealed several vegetation endmembers in the composiuon because o elr roa anawidins, the imi e_
visible, near infrared (near-IR), and short-wave infrared portions Number of spectral bands, and their moderate to coarse spatial
of the imagery. Identity of the endmembers was determined resolutions.
through examination of their short-wave infrared and full-wave- Hyperspectral imagery, however, offers considerable poten-
length spectra, and their mapped distributions and correlation q) for discrimination of Earth surface materials because of its

with percent cover of vegetation species were measured in sampleh. h tral uti d wh ired f . ft it
plots. In addition, to assist interpretation of the image signatures, Igh spectral resolution, and when acquired from aircratt, 1ts

short-wave infrared reflectance spectra for the dominant vegeta- associated high spatial resolution. When applied to vegetation

tion components at the study site were collected with a portable studies, these properties allow greater discrimination between

infrared mineral analyzer (PIMA) spectrometer. different species and vegetation states than has been possible
Endmembers separately mapped included Eucalyptus and other gy jmagery in the past. Because the fine resolution spectra

trees such as sugarwood, understorey chenopod shrubs, dry plant __. . o
litter, and soil surface cryptogamic crust. Several endmembers ofimaging spectrometers show the wavelength-specific absorp-

were significantly positively correlated with field measurements of tions and scattering caused by molecular bonds and cell struc-
plant cover. Most of the tree canopy endmembers showed broad tures, it is possible to identify differing quantities of plant com-
cellulose—lignin absorption features in the short-wave infrared pounds such as chlorophyll, lignin, cellulose, and silica, as well
(SWIR), and narrower absorptions caused by plant waxes and oils. as leaf surface coatings and structures [1]-[7]. This offers the

The field spectra confirmed that the sclerophyll and xerophytic tential f t of plant phvsioloaical stat df
plants show identifiable cellulose, lignin, and plant wax absorption potential tor assessment of plant physiological status and func-

features, even when live and actively photosynthesising. This tion, as well as discrimination of different plant types [8]-[12].
spectral expression of biochemical constituents in live plants  Airborne hyperspectral imagery has been used successfully
points to the benefit of using the whole spectral range from visible for detection and mapping of minerals and soils, and discrimi-
to short-wave infrared in vegetation studies. nating crop types and condition, while most work in natural veg-
Index Terms—Hyperspectral imagery, mixture analysis, etation has been in North American grasslands, woodlands, and

semi-arid vegetation, spectral features. forests and chaparral [8], [9], [13]-[17]. To date, there has been
little research with hyperspectral imagery in more arid vegeta-
|. INTRODUCTION tion types, yet the ability to detect and map variations in plant

] . . ) species composition and condition has great potential for mon-
E VEN IN arid regions, vegetation can form a considerablgyring this vast resource. Okiet al. [18] used spectral mixture
proportion of ground cover and contribute significantlyynalysis techniques with AVIRIS imagery in a North American
to the scene reflectance recorded by imaging sensors. WYy environment, while Lewis [19] explored the potential for
derstanding the nature and extent of the vegetation specli@lcrimination of southern Australian arid vegetation with the
contribution is important, not only for ecological applicationgisiple-near IR bands of CASI.
where the vegetation is of primary interest, but also for soil The most commonly used techniques for extraction and map-
and geological studies where the vegetation may confoupghq of vegetation from hyperspectral imagery include variants
interpretation. Over two decades of research with multispectglinear mixture analysis, which use a wide range of wavebands
imagery has demonstrated its strength in discriminating afgm the imagery [20], and wavelength-specific techniques such
mapping physical vegetation variables (biomass, leaf arganarrow-band ratios and spectral absorption feature matching.
index, cover) and in monitoring vegetation condition (€.gjn constrained linear mixture analysis, the number of spectral
greenness) has been demonstrated, but discriminating V@Bmponents or endmembers that can be extracted from a scene
and related to reference spectra is inherently limited by the spec-
Manuscript received October 20, 2000; revised March 13, 2000. tral dimensionality of the image data. Even for imagery com-
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suggested that this group of endmembers, representing the fun-
damental scene components at a subpixel level, is intrinsic to
arid and semi-arid scenes, and many subsequent studies with [
multispectral and hyperspectral imagery appear to have borne Y
this out [8], [14], [22]-[27].

Wavelength-specific vegetation mapping techniques have uti- (18 Spae
lized spectral features associated with chlorophyll absorption, | EaLay
particularly the “red edge” of the strong absorption feature at o i i
0.68.:m [4], [28]-[32], leaf water absorption bands at 0,89
and 1.15:m [12], [33]-[35] starch absorption at 1.5%n [36],
and lignin—cellulose absorptions at 2.09 and 2.27 [3], [7], e
[33].

This paper presents results of a series of studies, set ifi@1. Study site in the southeastern portion of the Australian arid zone.
Southern Australian rangeland environment, which aimed to
clarify the nature of semi-arid vegetation signatures in airborim@age strips to correct for cross-track geometric distortion,
hyperspectral imagery and to evaluate the potential of this imecompanied by resampling of the original 512 pixel swath
agery for discriminating and mapping variations in arid veget# 562 pixels. Subsequent processing was performed on these
tion composition. The work placed particular emphasis on tlwage strips, with georegistration to map coordinates only
short-wave infrared spectral region beyond 120, since arid being applied to output endmember images. The images were
vegetation response in this region has been little studied, and #ggmented into visible-near IR (VNIR: 24 bands, 0.532-0.892
is the region where biochemical constituents may be detectapla), short-wave infrared 1 (SWIR1: 20 bands, 1.190-1.793
[1], [37], [38] and where vegetation reflectance most interfergan) and short-wave infrared 2 (SWIR2: 22 bands, 1.190-1.793

with remote sensing of regolith and mineralogy. M) subsets, removing the major water absorption regions.
Atmospheric effects were compensated for using a modified
Il. IMAGERY AND STUDY SITE log-residual process [39], effectively removing the scene-av-

The study utilized imagery from the airborne multispectraﬂrage spgctrum. Automated spectr_al unmixing procedures
scanner (AMS) operated by De Beers Consolidated Mines L€ @pplied to each subset, producing 15 endmembers from
The instrument is the precursor to the commercially operat6Ach SPectral region. This procedure identifies a set of "seed
HyMap, and is a 96-channel hyperspectral scanning image”%]_dmember pixels, whose spectra, when combined, account

erating from 0.53:m to 2.48;:m with 96 bands of 15 to 25 nm r as much of the scene spectral variation as possible. The
and a swath o.f 512 pixeis. unmixing then produces images of relative abundance for each

The work was conducted at two sites approximately 25 kﬁpdmember [40]. These were scaled to highlight areas of high

east of Terowie on the south-eastern margin of the Australigidmember abundance. L
pastoral zone in South Australia (Fig. 1). AMS imagery was ac- AMS image spectrawere extracted for the endmember “seed

quired in July 1996 over Pandappa Conservation Park and sBy€!S: and also for the regions of high abundance in the output
eral nearby pastoral properties. Two image strips were acquirgadmember images. The identity of the endmembers was deter-

one of 20 km and the other 10 km. both at 5 m resolution mined through examination of these spectra, the spatial distri-
Both sites are semi-arid rangeland with low open woodlang¥tion of the endmembers, and comparison with field data.
and shrublands of chenopodiaceous species. Stands of mléti— '
. . . Field Data
stemmed mallee Eucalypts are common in the area, while trees

platycarpun) dominate the low open woodlands. sance of both sites. Several cross-fence vegetation discontinu-

Rainfall in the region is approximately 225 mm p.a. and jikies and contrasts, brought about by different grazing and man-
quite unpredictable in magnitude and seasonality. At the tirR@ement regimes, particularly helped this interpretation. In ad-
of imaging the landscape was relatively dry, with no Signiﬁdition, guantitative data on percentage cover of vegetation, soil,
cant rain having fallen for several months. The images includdgier and lichen was collected for 44 5050 and 100< 100 m
land that is grazed by cattle and sheep at different intensities dH@fS throughout the images. There were 33 plots for the larger
some areas in the conservation park that carry only native hBf0€ Creek image and 11 for the Pandappa image, all located

bivores. with differential GPS.
A wheelpoint apparatus was used to estimate the ground
. M ETHODS cover composition within the plots. The wheelpoint and its
i variant step pointing is widely used in Australia and South
A. Image Analysis Africa for rapid, quantitative estimation of soils and vegetation

At the time of the study, the primary interestin AMS imagergover in low, sparse rangeland vegetation, and has been used
was for detection of mineralogical anomalies. Consequentyccessfully to correlate ground composition with image
the processing of the images employed rapid operational e&riables in rangeland remote sensing studies [41], [42].
mospheric correction and feature extraction methods desigrgaproximately 1000 point records were collected along ten
for this purpose. Atan # correction was applied to the rawparallel 100 m transects within the plots. For each plot, the
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percentage cover of bare soil, ground covering plant litter, TABLE |
cryptogamic crust, trees and shrubs was calculated from the SUMMARY OF ENDMEM(E;EFerW%E;mESDI;ig"é'SAUTOMATED UNMIXING
proportion of point “hits” on each component.

The endmember images were georegistered to the Australian Nlémger of ll)mage
map grid using points recorded in the field with a differential _—omehen
GPS. Blocks of pixels corresponding to the field sample sites VZ:;::gln%sth End-members Pine Creek  Pandappa

were extracted from the images and mean abundance of the

endmembers calculated within these. Statistical correlation was Y oIk Eucalypt canopies 2 3
0.532-0.892um  All tree canopies 1
tested between endmember abundance and percentage cover ( Sugarwood canopies 1
vegetation components measured in the field. Total plant cover 3 1
To assist interpretation of the AMS vegetation signatures in Cryptogamic soil crust !
. . Soils and minerals 6 6
the SWIR region, reflectance spectra for the dominant vegeta- Shadow 1 3
tion components at the study site were collected with a portable Unidentified or noise 2
infrared mineral analyzer (PIMA) portable spectrometer, oper- swiri Eucalypt canopies 3 4
ating over the range 1.30-2.50n. This spectral collection also 1.190-1.793um  All tree canopies 1
included variations in plant age and condition. Fresh plant spec- g‘;iir;;g‘édsﬁz‘gfles i
imens were collected in the field, and sealed in plastic bags Dry vegetation 3
for no more than two hours before spectral measurement. For Soils and minerals 6 4
broad-leaved plants, such as the Eucalypts, several layers of Shadow ) 3 1
leaves were used to directly cover the aperture of the PIMA Unidentified or noise 3
instrument. The small twiggy or semi-succulent leaves of the SWIR2 Chenopod shrubs 1 1
dershrub plants were more difficult to measure, and in most 1017934 Dry vegetation 2 !
unaershru p . ! . Soils and minerals 10 10
cases the foliage was stripped from the plant and used to fill a Shadow 2 2
glass petri dish that covered the PIMA aperture. Unidentified or noise 1
IV. RESULTS

the Pine Creek site, while others appeared to be associated with
A. Endmembers the dry plant litter that is a significant ground cover component

The endmembers from the automated unmixing of each A both sites. They showed marked contrasts across property

the AMS images are summarized in Table I. They inclu our_wdary fe_”ces- mappir_lg variations in ground cover produced
upper and lower-storey vegetation components, soils, outcr  differential stock grazing.

ping rocks and their mineral constituents, topographic and

vegetation shadow and a few endmembers that could notBeAMS Vegetation Signatures

identified, including those with little spatial coherence, inter- Figs. 2 and 3 present the SWIR2 image spectra for selected
preted as image noise. Examples of vegetation endmemhsfigmembers, comparing the spectra of the “seed” pixels
from both AMS images are shown in Figs. 2 and 3. Subsgfgh mean spectra for high abundance regions. The figure
of the larger image strips are shown to enhance detail of thgg presents mean endmember spectra for the full range of
vegetation patterns that have been mapped. The figures shQWs pands. The SWIR2 spectra alone were often difficult
endmembers interpreted as total vegetation cover, méllea- 4 jnterpret, but examination of the full-wavelength spectra
lyptuscanopies, canopies of the arid woodland M@porum  q|he confirm the identity of the endmembers. Because of

platycarpum(sugarwood), chenopod shrubs, dry herbaceoH§e log-residual processing applied to the imagery, the image

pla}rnr:eilt;i;’oi?:tjglt(nanmci;?r?tlr:)?‘ thQTM S images tvoicall rO\_/egetation signatures could not be directly compared with true

. 9 ages typicaly Prorafioctance reference spectra. However, the relative position

duced four to five vegetation endmembers in the VNIR region. " tanth of absorption features enabled recoanition of ved-

These mapped different vegetation components, separataelgt. Pt i pd ) ith k gl ¢ tgl

showing Eucalypts, sugarwoods, total plant cover includin lon signatures and comparison with known plant spectra
sorption characteristics.

perennials and ephemerals, and the soil-encrusting lichens

were abundant in some areas. Sometimes the endmembers alfloSt of the tree canopy endmembers showed the chiorophyll
peared to be subtle albedo variations associated with the s&thecrPtion and high NIR reflectance typical of photosyn-

vegetation component, e.gEucalyptuscanopies. Directional thetic vegetation, while in the SWIR displayed a broad

bias in their distributions suggested they were associated willulose-lignin absorption between 2.10 and 220, and

the sunlit and shaded portions of the canopies. a narrower feature in the AMS band centred on 2.3M7.

The SWIRL1 portion of the images yielded three to four endieveral also showed absorptions at 2.28#and 2.4Q:m. The
members that could be associated with vegetation compone#td17 pm and 2.40um bands are near recorded absorptions
These mapped Eucalypt canopies, other trees, and understé@gyplant waxes, and the 2.28m feature may correspond to
shrubs. The SWIR2 portion of the images also produced ene of the cellulose absorptions [37]. In most instances, the
least two endmembers associated with vegetation. One of thebaracteristic spectral features of the endmember pixels were
mapped the trees and larger green shrubs in the Pandaplsa present in the mean endmember spectra, although often
image, one a component of the chenopodiaceous understordgsd pronounced.
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Fig. 2. Examples of vegetation endmembers from automated unmixing of AMS imagery. A) Total live plant cdvacaB)ptuscanopies, and C) Sugarwood

(Myoporum platycarpuincanopies. Columns show for each endmember: endmember distribution, SWIR2 signatures of seed pixels and mean spectra for high
endmember abundance regions, mean full-wavelength spectrum for high endmember abundance regions, and the corresponding vegetation component and
correlation with field data.

Image signatures of the understorey vegetation, howevabundance of several image endmembers and percentage cover
were more varied and less readily identifiable. Most of thef vegetation components as measured in the plots. Examples
spectra showed low “greenness” in the VNIR, and evidenoé the most significant of these correlations are listed in
of mixing with soil spectra in both VNIR and SWIR. In someTable 1, while Figs. 2 and 3 show the relationships for the
instances, the “inversion” of the mean spectrum in the VNIRndmembers that have been displayed. Significant positive
an artefact of the log-residual processing, indicated that tleear relationships existed between several of the VNIR and
endmember pixels carried less photosynthetic vegetation tH8WIR1 endmembers and Eucalyptus canopy cover, and total
the scene average. Some SWIR2 image spectra showedplamt cover. Several of the SWIR2 endmembers that were
broad cellulose—lignin absorption between 2.10 and 220 interpreted to show dry plant litter also had positive correlations
common in the tree spectra, while several others showedvith exposure of bare soil, indicating that the endmember was
broad peak of reflectance from 2.10 to 2,28, suggestive of in fact mapping a mixture of the two ground cover components.
vegetation with high water content.

D. PIMA Vegetation Signatures

C. Correlation with Field Data The plant spectra acquired with the PIMA spectrometer-as-
Plant cover in most sample plots was less than 30%. Sigjsted interpretation of features in the image vegetation signa-
nificant statistical correlations were established between thees. Examples of these spectra, selected for comparison with
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Fig. 3. Examples of vegetation endmembers from automated unmixing of AMS imagery. A) Chenopod shrubs, B) plant litter, and C) soil cryptogamic crust.
Columns show for each endmember: endmember distribution, SWIR2 signatures of seed pixels and mean spectra for high endmember abundance regions, mea
full-wavelength spectrum for high endmember abundance regions, and the corresponding vegetation component and correlation with field data.

TABLE 1l
CORRELATIONS BETWEENIMAGE ENDMEMBERS AND FIELD VEGETATION
COMPONENTS SIGNIFICANCE LEVELS: *p < 0.03, **p < 0.01, AND

though albedo beyond 1.90n was low and strongly influenced
by water absorption, broad absorptions around 2.10 and 2.30

ey < 0.001 pm, and traces of narrow absorptions at 2.3t and 2.36:m
were still evident. As the foliage dried out, the near IR shoulder
Scene end-members Field cover component N R! Significance (_1.30—1.4mm) collapsed _and absorptions due to cellulose and
R T Encaypicanony MR lignin became more prominent at 1.70-1,8@, 2.00-2.2Q.m,
VNIR end-member 6 Total plant, litter & lichen cover 33 049 Hokok and 226—23&”] Dry Eucalyptugeaves an(Eucalyptugjark
VNIR end-member 13 Total live plant cover 33 057 showed distinct absorptions at 1.6, 1.76,m, 2.31m and
VNIR end-member 3 Lichen cover 22 043 * 2.35 pm.
SWIR1 end-member 10 Eucalyptus canopy cover 3087 The chenopod shrub spectra varied considerably with plant
SWIR2 end-member 3 Plant litter 2 0l ** condition. Leafy saltbush displayed a higher albedo than the
SWIR2 end-member 11 Black bluebush cover 33 053 A

tree foliage spectra, while bluebush shrubs had lower albedo
with less contrast between the SWIR1 and SWIR2. Regardless
image endmembers, are shown in Fig. 4. Spectra of fresh @d-condition, the shrub spectra showed traces of broad cellu-
liage from the Eucalypts and other trees were dominated lmge and lignin absorptions and narrow features around;inv,3
strong water absorptions at 1.46n and 1.90:m, and a rela- 2.31um, and 2.35:m. The herbaceous understorey plants, in-
tively broad, weak cellulose—lignin absorption at 1;48. Al- cluding grasses and onion weed, showed greatest variation in
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Fig. 4. Examples of PIMA spectra from arid plant species corresponding to AMS vegetation endmembers: A) freshEarigiptuseaves and bark; B)
sugarwood leaves; C) chenopod shrubs: saltbush, bluebush, and black bluebush, D) dry grass and onion weed, and E) crustose and foliose lichens on soil

spectral response with plant condition. In the very green specorrespond to real landscape components and are not merely
mens, water absorptions dominated, but as the plants dried alstractions from image processing.
albedo increased, water absorption decreased, and absorptioll spectral regions of the imagery yielded vegetation
features at 1.70-1.86m, 2.00-2.2Q:m, and 2.26—-2.3gmuzm endmembers, including the SWIR2. It has been generally
became evident. Soil-encrusting lichens, which were dry at theesumed that most spectral information about vegetation can
time of sampling, also showed absorptions in the 1.70-4B0 be derived from the VNIR and that water content masks most
and 2.00-2.2Q:m regions. of the spectral features of live plant material in the SWIR [37],
although there have been some successes in detection and
mapping of live vegetation biochemistry using hyperspectral
V. DISCUSSION ANDCONCLUSIONS imagery [15], [36], [43], [44]. Most of these studies have
focused on the spectral features associated with particular
Several arid vegetation components were successfullipchemical constituents, although Wessnenal. [9] used
mapped by the automated mixture analysis of AMS hyperspenixture analysis of the SWIR region of AVIRIS imagery to
tral imagery. These corresponded to functional componentsmép the lignin component of vegetation. The SWIR PIMA
the vegetation (trees versus shrubs), to differences in spedpsctra and the AMS vegetation endmember spectra examined
(Eucalyptusversus other tree species) and to different physs this study also demonstrate that spectral features related to
iological states (green ground cover versus dry litter). THBochemical constituents are detectable in live vegetation and
establishment of statistical relationships between endmembeay be mapped from airborne hyperspectral imagery.
abundance and field measurements of plant cover is signif-Most of the tree and shrub PIMA spectra showed traces
icant in that it helps confirm the identity of several of thef cellulose and lignin absorption features, even though the
endmembers but also further establishes that the endmemispecimens were fresh, photosynthetic, and in some cases
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quite succulent. This may be attributed to the architectuidne understorey shrubs and herbs were relatively sparse, typi-
of the plants in some cases. For example, the saltbushes aaltly covering less than 15% of the ground, allowing significant
bluebushes are woody shrubs with reduced leaf area and matking of soil and vegetation response at the pixel level. Sev-
thickening tissue, hence, the greater influence of structuerhl of the common ground covers, particularly the widespread
materials on the spectra. The leaves of several species soplonweed, are quite herbaceous, and in their “green” state have
as the Eucalypts, black oak, and bullock bush also displagectra dominated by water, while the semi-succulent foliage of
scleromorphic characteristics typical of many arid species: dbe chenopod shrubs displays subdued VNIR spectra and mois-
velopment of leaf thickening tissue as an adaptation to preveate-dominated SWIR.

tissue damage and wilting under moisture stress. Again, theThese vegetation endmember spectra depart from those typi-
increased proportion of thickening tissue is likely to contributeally used in conventional linear mixture analysis of hyperspec-
to foliar SWIR?2 reflectance. tral imagery. The vegetation in arid and semi-arid scenes, and

In addition to expression of broad cellulose—lignin absorgven more mesic vegetation, is typically modeled as mixtures
tions, many of the live plant spectra showed specific, narrow atif green photosynthetic vegetation and dry nonphotosynthetic
sorptions near 1.78m, 2.31.:m, and 2.35:m. These features vegetation with shade and one or more soil components [20],
became more prominent in dry Eucalypt leaves and bark afl]. The green spectral component is usually interpreted as
were even present in dry grass spectra. These wavelengthsegtgemeral vegetation, while the dry signatures are usually as-
diagnostic of plant-based fats and oils [37], [38], [45], and 2.3G®ciated with perennial vegetation or sometimes with dry grass
pm is used as a diagnostic absorption for spectroscopic detdor example [14], [25]). However, the results presented here
mination of fats in cereal-based foods [46], [47]. Other waveuggest that vegetation endmembers, corresponding to real veg-
lengths for detection of fats are 1.21, 1.39, 1.72, 1.76, and 2.&étion components, may appear “green” in the VNIR and rel-
pm [46] and 1.72, 2.35, and 2.36n [47]. atively “dry” in the SWIR, and vice versa. The automated un-

In the case of theéeucalyptusleaves, the high content of mixing procedure used in this study also provided a wider set
volatile aromatic oils suggests a cause for these spectral fehvegetation endmembers than is normally accommodated by
tures. In the fresh leaves, the oil absorption is largely maskednventional constrained linear mixture routines.
by water absorption but is still just detectable, whereas in theThese findings need to be confirmed with follow-up studies
dry leaves that have lost their moisture but still retain the othat simultaneously measure VNIR and SWIR field spectra
the absorptions are far more prominent. However, the saffioe the plants, preferably with a spectrometer spanning the
features are evident in the fresh leaf spectra for many of tBet0—2.40;;m range. This would build understanding of the
other trees and shrubs, species not particularly noted for higtationship between VNIR and SWIR spectral behavior
oil contents, suggesting that compounds other thacalyptus for semi-arid vegetation under a range of conditions. More
oil are involved. In these cases the absorption is likely to lm®nfidence about the AMS spectral features and endmember
caused by the waxy cuticle that covers the leaf surfaces. itlentity could also be gained through the use of an atmospheric
most of the species examined in this study the cuticle is quiterrection that calibrates the imagery more closely to true
well developed, either as a thick smooth layer (Eucalypteflectance and enables a closer comparison between field and
sugarwood) as a blanket of hairs (bullock bush, bluebushasiage spectra.
or bladders (saltbushes). The cuticle is composed of cutin, arhe spectral expression of biochemical constituents in live
waxy substance, and serves as an adaptation to reduce gukamts shown in this study points to the benefit of using the
irradiation and moisture loss. whole spectral range from visible to short-wave infrared in hy-

Some of these spectral features were also evident in ferspectral vegetation studies. The short-wave as well as vis-
spectra for endmembers derived from the AMS imagery. Filnle-near IR regions can yield information about “green” and
example, many of the tree canopy endmembers and sofdey” plant components that may be useful for vegetation char-
understorey endmembers showed absorptions near 2.10-2&@rization. Results of this study also emphasize the impor-
p#m and 2.31um that correspond with features shown inance of understanding the spectral properties of the particular
the PIMA spectra. Other understorey endmembers showeglants, environments, and conditions being imaged: assump-
rounded peak of reflectance near 2,20, more characteristic tions about vegetation spectral properties derived from studies
of the PIMA plant spectra with high moisture contents. in more mesic environments may not be correct.

Comparison of the SWIR with VNIR portion of the end- The study illustrates some of the potential for use of hyper-
member spectra, however, reveals interesting patterns. Mapgctral imagery to discriminate variation in arid vegetation;
of the endmember spectra that show distinct SWIR2 absogmmmunities that typically have low percentages of cover and
tion features also show the sharp VNIR red-edge characterid@af area, high proportions of woody and dry tissue, and which
of actively photosynthesising vegetation. In other words, ahay show little photosynthetic activity. Both green and dry veg-
though the plants are actively growing, moisture does not egtation can be discriminated from the soil background at less
tirely mask the spectral expression of biochemistry in the SWHtRan 30% cover, and several functional components within the
region. Conversely several of the understorey spectra that sHiwe vegetation can be identified. Such mapping can offer con-
high moisture in the SWIR2 have the relatively “flat” VNIRsiderable benefits for ecological and land management applica-
spectra typical of low photosynthetic activity, senescing planti®ns such as habitat mapping, rangeland condition assessment,
or low plant cover. These spectral patterns, although appareddgdscape pattern analysis, and monitoring shifts in vegetation
anomalous, do accord with the field situation at the study siteomposition.
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