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BRDF Analysis of Savanna Vegetation
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Abstract In this paper, laboratory-based bidirectional re-
ectance distribution function (BRDF) analysis of vegetation
leaves, soil, and leaf-litter samples is presented. The leaf litter
and soil samples, numbered 1 and 2, were obtained from a site
located in the savanna biome of South Africa (Skukuza: 25.0 S,
31.5 E). A third soil sample, number 3, was obtained from Etosha
Pan, Namibia (19.20 S, 15.93 E, altitude of 1100 m). In addition,
BRDF of local fresh and dry leaves from tulip polar tree (Lirioden-
dron tulipifera) and black locust tree (Robinia pseudoacacia) were
studied. It is shown how the BRDF depends on the incident and
scatter angles, sample size (i.e., crushed versus whole leaf), soil
samples fraction size, sample status (i.e., fresh versus dry leaves),
vegetation species (i.e., poplar versus locust), and the vegetation s
biochemical composition. As a demonstration of the application
of the results of this paper, airborne BRDF measurements ac-
quired with NASA s Cloud Absorption Radiometer over the same
general site where the soil and leaf-litter samples were obtained
are compared to the laboratory results. Good agreement between
laboratory and airborne-measured BRDF is reported.

Index Terms Bidirectional re ectance distribution function
(BRDF), metrology, optical instrumentation and measurements,
remote sensing, vegetation.

I. INTRODUCTION

HE MONITORING of land surface is a major science
objective in Earth remote sensing. A major goal in land
remote sensing is to identify major biomes and to map and
distinguish the changes in their composition introduced by
anthropogenic and climatic factors. Currently, deforestation and
desertification are the most important land-cover-area processes
of scientific interest. These processes play a major role in
climate variation particularly with respect to clouds and rain-
fall. Understanding the optical characterization of the biomes
properties and their impact on climate variation and, hence, lead
to formulation of better site-specific management plans.
The bidirectional reflectance distribution function (BRDF)
describes the reflectance of optical materials as a function of
incident and scatter angles and wavelength. It is used in modern
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optical engineering to characterize the spectral and geometrical
optical scatter of both diffuse and specular samples. The BRDF
is particularly important in the characterization of reflective
and transmissive diffusers used in the preflight and on-orbit
radiance and reflectance calibration of Earth remote sensing
instruments [1]. Satellite BRDF measurements of Earth scenes
can be used as a sensitive tool for early detection of changes
occurring in vegetation canopies, soils, or the oceans [2]. For
example, water-content changes in soil and vegetation can be
detected and monitored using BRDF.

In this paper, we analyzed laboratory-based BRDF data of
vegetation leaves, leaf litter, and soil samples to study, on a
small scale, the effects of view angle distribution and spectral
variability in the reflectance of natural biome samples. The
samples measured in the laboratory included leaf litter, pre-
dominantly from acacia trees, and two different composition
regolith soils collected from the savanna biome of Skukuza,
South Africa [Fig. 1(a)]. A third soil sample was collected
from Etosha Pan, Namibia [Fig. 1(b)]. In addition, BRDF of
fresh and dry leaves from the tulip poplar tree (Liriodendron
tulipifera), poplar hereinafter, and black locust tree (Robinia
pseudoacacia) located in Maryland, U.S., were studied. The
laboratory-based BRDF of all samples was analyzed in the
principal plane at 340, 470, and 870 nm, at incident angles
of 0 and 67, and at viewing angles from 0 to 80 for
all samples, except the sample from Etosha Pan. The latter
has been measured at 412, 555, 667, and 869 nm and at
incident angles of 0, 30, and 60 . BRDF dependence on
the sample particle size was investigated by measuring the
following three different samples: whole leaves, samples with
leaf particle sizes between 4 and 4.75 mm, and samples with
leaf particle size between 1.7 and 2 mm. All the BRDF values
were measured using NASA Goddard Space Flight Center’s
(GSFC) Diffuser Calibration Laboratory (DCL) scatterometer
[cf. Fig. 2(a) and (b)]. The typical measurement uncertainty was
1% (k = 1) or better, where k is the coverage factor. The results
presented are traceable to the National Institute of Standards
and Technology’s Spectral Trifunction Automated Reference
Reflectometer.

The DCL has participated in several round-robin measure-
ment campaigns with domestic and foreign calibration in-
stitutions in support of Earth and space satellite validation
programs [3]. The facility has characterized many types of
diffusely reflecting samples including Spectralon [4], aluminum
diffusers, barium sulfate, radiometric tarps [5], and Martian
regolith simulant [6].

The laboratory results were compared to BRDF measure-
ments with an airborne radiometer, Cloud Absorption Ra-
diometer (CAR), which was developed at GSFC [cf. Fig. 2(c)]
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Fig. 1. (a) Skukuza. (b) Etosha Pan.
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