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Reflectance Model to Semiarid Shrub Vegetation 
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Abstract-The Li-Strahler [7] canopy model was tested, using 
SPOT HRV XS imagery, for semiarid shrub vegetation, based 
on 26 small (1-ha) sites in five classes of shrub vegetation, two 
dominated by tarbush (Flourensia cernua), one by creosote bush 
(Larrea tridentata), and two by mesquite (Prosopis glandulosa). 
The model was driven by reflectance values derived from June 
and September imagery. While predictions of crown size and 
density for individual sites had a large average error of 35%, the 
predictions of shrub size and density were reasonably accurate 
when grouped by shrub class. The aggregated predictions for 
a number of stands within a class were accurate to within 
one or two standard errors of the observed average value. 
Accuracy was highest but predictions were biased for some 
classes (size was underestimated) when the nonrandom shrub 
pattern was characterized for the class based on the average 
coefficient of determination of density. Results based on June data 
were not better than September because the hypothesized lower 
background "noise" ( e.g., less green herbaceous cover that could 
be confused with shrub cover in the simple reflectance model) 
was not observed in the June data. This could have been due to 
the poor radiometric quality of the June image. 

Keywords-Remote sensing, digital image, Li-Strahler canopy 
reflectance model, semiarid shrub vegetation. 

I. INTRODUCTION 

Simple, invertible models of the multispectral response 

of partially vegetated land surfaces are needed in order to 

use satellite imagery for monitoring semiarid vegetation over 
large areas. Models of vegetation canopy reflectance based 

on radiative transfer theory (reviewed in [1]) may not be 

invertible using existing satellite imagery of natural, sparse 
vegetation. Spectral vegetation indices, while they have proven 

useful [2]-[4], do not go far enough toward isolating the 
vegetation signal from the background in semiarid vegeta

tion with complex spatial and phenological patterns [5], [6]. 

In semiarid vegetation formations the vegetation component 

does not always dominate spatially averaged remotely sensed 
measurements. 

A series of reflectance models, developed by A H. Strahler 

and others, treats woody vegetation canopies as an assemblage 
of discrete three-dimensional objects, illuminated at an angle 

and casting shadows on a contrasting background [7]-[12]. By 

modeling a plant canopy as a collection of regular geometric 
shapes, optical principles and parallel-ray geometry can be 
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used to predict the bidirectional reflectance of a shrubland, 

woodland, or forest [11 ]. Most relevant to the present study, 

these models have been developed for the purpose of inverting 

them using multispectral digital imagery. Vegetation parame

ters (plant size and density) can be estimated from remotely 

sensed reflectance measurements using the variance in the 

spectral response of a vegetation stand as seen in a digital 
image [7]. When the sensor field of view is one or two orders 

of magnitude larger than the average plant size, as is the case 

for the principal Earth resources satellites (Landsat and SPOT) 

and many vegetation formations, the pattern of plant, shadow, 

and background is a major source of spatial variance in the 

image [13], [14]. 

The objective of this study was to estimate average plant 

size and density from SPOT High Resolution Visible (HRV) 

multispectral (XS) imagery for test sites in Chihuahuan desert 

shrub communities using the Li-Strahler [7] model. Estimates 

of woody vegetation structure for large areas are needed in 

order to model primary production and biogeochemical cycling 

[15], and land surface-climate interactions (e.g., characterize 

surface albedo, roughness, and evapotranspiration [16]). 

While the geometric-optical models have been tested in 

woodland and savanna using Landsat Multispectral Scanner 

(MSS), Thematic Mapper (TM), and TM Simulator data [7], 

[10], [17]-[19], and similar approaches have been applied 
in woodlands using MSS and aircraft data [20]-[22], they 

have never been applied to shrub vegetation. Related spectral 

mixture models have been tested in desert shrub and grassland 

[23] including some that incorporate geometric modeling of

plant shadows [24], but in those studies only plant cover was

estimated (not size and density).

Further, the Li-Strahler model has not previously been 

inverted using SPOT imagery. SPOT HRV XS data have 

greater spatial resolution (20 m x 20 m pixels) but fewer 

spectral bands (three) than TM. Given the spatial resolution, 

the assumption that the pixel is much larger than the average 

plant canopy, but small enough that the number and size 

of plants varies among pixels, is likely to be true for shrub 

canopies. Fewer spectral bands may decrease the spectral 

separability of the components in the model. However, because 

SPOT is a pointable sensor, there is a three-fold greater 

chance of acquiring a near-nadir image of a study area in 

a specific time period than from Landsat. SPOT may be 

used increasingly for regional studies. Therefore, part of the 

objective of this study was to examine the effect of SPOT 

XS spatial resolution and spectral "dimensionality" on the 

estimation of vegetation parameters from the model. 
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