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ABSTRACT 
 
Hyperspectral remote sensing is an emerging technology with the potential to identify plant species, delineate 
vegetation and habitat characteristics, differentiate causes of vegetation stress, and characterize soil properties. This 
technology can be used in range management as a tool to map various plant communities so as to determine current 
range production and utilization. Mapping of unpalatable rangeland species, such as yucca (Yucca glauca Nutt.) and 
tree cholla (Opuntia imbricata (Haw.) DC.), using hyperspectral data provides temporal and spatial information for 
monitoring and managing rangeland productivity for livestock utilization. The objectives of this study were to 
examine the spectral characteristics of yucca and tree cholla using an airborne hyperspectral spectrometer and to test 
hyperspectral one-meter-spatial-resolution remote sensing imageries for identifying and mapping individually 
distributed tree cholla and yucca species. The spectral reflectance of both yucca and tree cholla recorded with an 
airborne hyperspectral spectrometer was different from the co-occurring green grass species throughout the visible 
and near infrared spectrum. The classification results using a maximum likelihood procedure indicated that the 
dormant woody species were classified as yucca. A mixture of actively growing short grass species within tree 
cholla dominated areas were classified as tree cholla. However, areas dominated by each species within each 
rangeland were correctly delineated from the areas occupied with green grass species.  
Keywords: Remote sensing, rangeland, range management, yucca, tree cholla.  
 
 

INTRODUCTION 
 

 Although Yucca glauca Nutt. has a few common names: small soapweed, Great Plains yucca, soapweed yucca, 
beargrass, yucca, Spanish bayonet, and soapweed (Global Compendium of Weeds, 2005), it is called yucca through 
this paper. It has distribution in TX, AR, CO, IA, KS, MO, MT, NE, NM, ND, OK, SD, and WY (United States 
Department of Agriculture, Natural Resource Conservation Service Plant Database, 2005). It grows on plains, in 
prairies, occasionally open coniferous woods, and often well drained sites (The Great Plains Flora Association, 
1986). Yucca is unique in this region because it is the only evergreen perennial, 30-120 cm tall, and bush-like 
(Maragni et al., 2000; Whitson et al., 1991). Plants are simple but often clumped with pale green leaves that are 
basal and steeply angled. Young plants and flowers are occasionally eaten by livestock (Whitson et al., 1991) 
Similar to yucca, Opuntia imbricata (Haw.) DC. is also called with several names: imbricate prickly pear, 
imbrikaatkaktus, kabelturksvy, imbricate cactus, imbricate prickly pear, devil's rope pear, chain link cactus, tree 
cholla, walkingstick cholla (Global Compendium of Weeds, 2005). Through this research, Opuntia imbricata refers 
to tree cholla. This plant grows on sandy to gravelly soils on plains, in grasslands, and rarely in open coniferous 
woodlands.  Tree cholla is a branching shrub to small tree up-to 250 cm tall with dark green stems (The Great Plains 
Flora Association, 1986). It has distribution in TX, AR, CO, KS, NM, OK, and UT (United States Department of 
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Agriculture, Natural Resource Conservation Service Plant Database, 2005). Tree cholla interferes with livestock 
movements, lowers wool qualities, and reduces grass production (Pieper, 1971).  
 Mapping of rangeland components repeatedly allows land owners and managers to develop management plans, 
to assess economical, biological, and ecological conditions of vegetation, and to understand plant dynamics and 
interactions over time and space using a rapid, repeatable,  and cost-effective method.  Using various remote sensing 
and spatial information technologies, many plant species of interest have been successfully identified and quantified. 
Some remote sensing work on delineating plants includes leafy spurge (Parker Williams and Hunt, 2002, 2004; 
Casady et al., 2005; Glenn et al., 2005), yellow start thistle and common St. Johnswort (Lass et al., 1996), spotted 
knapweed (Lass et al., 2002, 2005), yellow hawkweed and oxeye daisy (Carson et al., 1995; Lass and Callihan, 
1997), babysbreath (Lass et al., 2005), pitted morningglory (Koger et al., 2004), blackbrush acacia and huisache 
(Everitt et al., 1993), common and Drummond goldenweed (Everitt et al., 1992), Big Bend and Wooton loco (Everitt 
et al., 1994), Chinese tamarisk (Everitt and Deloach, 1990), broom snakeweed (Peters et al., 1992), dyers woad 
(Dewey et al., 1991), and false broomweed (Anderson et al., 1993). 
 Satellite remote sensing have provided inexpensive information on vegetation canopy over large areas over 
many years, however, it has been known to have limitations of spectral and spatial resolution in addition to cloud 
cover for small areas. On the contrary, aircraft remote sensing has provided high spatial, spectral, and temporal data 
for local assessment of vegetation situations through a set of algorithms. The objectives of this study were to 
evaluate the effectiveness of 1-m-resolution airborne hyperspectal imageries for classification of yucca and tree 
cholla and to examine reflectance characteristics of these plants in rangelands. 
 
 

MATERIALS AND METHODS 
 

A yucca and tree cholla locations were identified in a rangelands near Amarillo, and Dumas, Texas, (35˚25' 
latitude, 102˚06' longitude, and elevation about 1,105-m) and (35˚61' latitude, 101˚96' longitude, and elevation about 
1,089-m) (Figure 1), respectively. Image collection flights were made in late March 2003 for yucca and in mid May 
2005 for tree cholla. An Airborne Imaging Spectrometer for Applications version 3.0 (AISA; Spectral Imaging Ltd. 
Finland) mounted in a Cessna 172 airplane was used to acquire the image. The AISA is a hyperspectral pushbroom 
type airborne imaging spectrometer. Under typical conditions in Cessna 172 airplane, the AISA can acquire between 
20 and 60 bands at a spatial resolution between 1 m and 4 m per pixel. It captures 360 pixels across track with a 20° 
field of view. Resolution along track for a single image is limited by disk space to 2 gigabytes. The AISA imaging 
system is fully programmable to record reflectance from only desired spectral range and bandwidth. Downwelling 
irradiance is measured simultaneously via a fiber optic sensor mounted on the roof of the airplane. The downwelling 
irradiance is used to calibrate the image, providing units of either irradiance or reflectance. Navigation data for 
georectification is collected by an onboard Boeing C-MIGITS II integrated Inertial Navigation System/Global 
Positioning System (INS/GPS; Systron Donner Inertial Division, Concord, CA). Radiometric and geometric 
corrections were done using Caligeo image preprocessing software version 1.7 (Spectral Imaging Ltd. Finland). 
Atmospheric correction was performed using uplooking fiber optic sensor. Spatial resolution of the image collected 
over the research site was 1 m by 1 m and there were 50 bands ranging from 509 nm to 886 nm. 
 To deal with the problems of coregistering ground sample and pixel locations in the 1-m-resolution 
hyperspectral imageries and accuracy of INS/GPS data, 300 ground reference points (150 points for yucca and 150 
points for tree cholla, separated into 75 points for each of yucca and tree cholla dominated sites and 75 points for 
yucca and tree cholla absent sites) served as ground-truth for the classified imageries were mapped directly to the 
AISA images as is commonly done in air photos. This method was found to be superior to using georeferenced 
imageries because georeferencing produced errors of ± 2 m or more (Aspinall et al., 2002).  Using the imageries on 
the ground, easily identifiable landmarks such as exposed soil, culverts, road corners, scattered individual trees, 
shrubs were exactly matched to a pixel in the imageries. The reference plots were then located close to those 
identified landmarks with distance and angle measurements on the ground. Using the distance and angle 
measurements, a pixel in the imagery was identified that corresponded to the reference plot. This method, as 
described in Mirik et al. (2005) and Aspinall et al. (2002), produced matches between the pixels and sample plots 
that were off by less than 1 m. The first 35 reference plots for yucca and 22 plots for tree cholla were non-randomly 
selected, while remaining reference plots were randomly distributed in the study rangelands.  

The AISA imageries were further analyzed using the Environment for Visualizing Images (ENVI) software 
(Research Systems Inc. Boulder, CO). A supervised maximum likelihood classification technique was employed to 
discriminate musk thistle from co-existing vegetation in imageries. Training area (region of interest or spectral 
signature) consisted of 100, well-identified pixels representing each surface component in each of two rangelands 
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and they are non-randomly located. These 100 points were not included to ground reference points. Percentage 
omission or producer’s accuracy (percentage of reference pixels correctly classified) and commission or user’s 
accuracy (percentage of pixels classified on the map which actually represent that category on the ground) errors 
were calculated. Canopy reflectance from well-identified and known locations was manually extracted from 
imageries for dominant surface characteristics in the study rangelands. The co-existing vegetation in yucca 
rangeland was fully green downy brome (Bromus tectorium), brown warm-season grasses, dormant cottonwood 
(Populus deltoids) and honey mesquite (Prosopis glandulosa). Mixtures of cool-season grasses were present with 
tree cholla and were not identified due to small size caused by livestock grazing.  

 
 

RESULTS 
 
 The averaged (five samples or pixels) spectral characteristics for surface components in yucca imagery are 
shown in Figure 2a. Exposed soil had the highest reflectance in the visible (509-735 nm) but the second highest after 
brome (green cool-season grass; GCSG) in the near infrared (NIR; 735-886 nm) region of the spectrum (Figure 2a). 
GCSG had the lowest reflectance in the visible and the highest in the NIR ranges of the spectrum. Yucca and 
dormant woody vegetation (DWV; cottonwood and honey mesquite) exhibited almost identical reflectance in the 
visible (509-630 nm) but yucca had greater reflectance than DWV in NIR (630-886 nm) spectrum (Figure 2a). 
Brown warm-season grasses (BWSG) (509-730 nm) and paved road (509-690 nm) had higher reflectance in the 
visible and lower reflectance in the NIR spectral windows than that of yucca (Figure 2a). Tree cholla had lesser 
reflectance than green grasses throughout the visible and NIR portions of the spectrum with the exception of red 
edge transition (Figure 3a). Road (509-730 nm) and exposed soil (RS) (509-720 nm) showed greater reflectance in 
the visible and lower reflectance in the NIR when compared with green grasses and tree cholla, respectively, (Figure 
3a). 
 The false color composite and the supervised maximum likelihood classification imageries of AISA are 
presented in Figures 2b-c and 3b-c for yucca and tree cholla, respectively. Supervised maximum likelihood 
classifications and the spectral reflectance profiles derived from hyperspectral 1-m-spatial-resolution imageries for 
rangelands surface characteristics showed that yucca and tree cholla plants are separated from the associated 
vegetation types with acceptable accuracies. Brome, brown warm-season grasses, exposed soil, and paved road were 
accurately classified in yucca imagery. The overall classification accuracy for yucca was 76% with associated 
producer’s and user’s accuracies of 78.7% and 73.3%. Yucca plants were mixed with DWV present in the imagery 
for some areas or vise verse. Overall supervised maximum likelihood classification accuracy was good (70%) for 
tree cholla (Figure 3c). The user’s and producer’s accuracies were 68% and 72%, respectively, for tree cholla. 
Exposed soil, dead plant materials, caliche road were clearly separated from green grasses and tree cholla. However, 
some of the tree cholla plants were classified as green grasses.  
 

 
DISCUSION 

 
 This study evaluated the use of hyperspectral one-meter-spatial-resolution imagery to classify two rangeland 
evergreen species: yucca and tree cholla. The overall classification accuracies for tree cholla and yucca ranged from 
70% to 76%, demonstrating the value of high spectral spatial resolution hyperspectral imageries for mapping shrub-
like and small trees up-to 2.5 m. A supervised maximum likelihood classification technique using training data set 
(pixels) from the same imageries provide good separation of target species from the associated plants. It may be 
possible to improve overall accuracy for yucca and tree cholla by collecting imageries during the different 
phonological stages of co-occurring vegetation. Misclassification occurred between yucca and DWV and between 
tree cholla and green grasses. The previous one suggests that misclassification could be minimized through imagery 
acquisition during the period when cottonwood and honey mesquite are photosynthetically active or absence of these 
species. Furthermore, honey mesquite is an invader species in rangelands and it can be classified together with 
yucca. Misclassification between tree cholla and green grasses indicates that higher separation accuracy could be 
achievable during the senescence of grass species such as late fall, winter, and early spring.  
 Spectral responses of yucca and DWV overlapped in the green and lower red ranges of the spectrum most likely 
due to dead flower stalks and leaves of the yucca but differentiated after 630 nm.  Spectral characteristics of tree 
cholla and green grasses were similar in the range between 690 nm and 705 nm. A low-altitude imagery acquisition 
resulting in high resolution data is often required for very small targets such as noxious weed infestations 
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(Greenfield, 2000). Therefore, the need for site-specific information for rangeland management, this work showed 
that hyperspectral one-meter-spatial-resolution remote sensing imageries are promising for identification and 
delineation of rangeland components along with yucca and tree cholla for management proposes. 
 
 

CONCLUSIONS 
 

The results shown that the imagery collection time is critical for mapping evergreen yucca and tree cholla in 
rangelands although both evergreen species classification resulted in acceptable accuracies for rangelands 
management strategies. With the absence of wood vegetation or when the woody vegetation are fully green, yucca 
plants could be identified and delineated using high spectral and spatial resolution hyperspectral imagery with a 
higher classification accuracy. Image collection time for tree cholla and for higher classification accuracy would be 
late fall, winter, and early spring when all grass species are dormant.  
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Figure 1: Locations of yucca (Yucca glauca) and three cholla (Opuntia imbricata) in rangelands near Amarillo and 
Dumas, Texas. 
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Figure 3: a) Spectral reflectance of tree cholla (Opuntia imbricata) with the associated surface components: b) False
color composite of the Airborne Imaging Spectrometer for Applications imagery. c) Supervised maximum

 
 

likelihood classification of imagery b. GV: Green grasses, RS: Road and exposed soil, and TC: Tree cholla.  
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