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The amount of leaf area and canopy absorbed photosynthetically active radiation (APAR)
(often expressed as leaf area index (LAI) and the fraction of APAR (fAPAR)) are important
in determining canopy photosynthesis and stomatal conductance rates and, thus, are
important for modeling these processes. Inversion of canopy radiative transfer models is a
physically-based method of estimating canopy attributes from remotely-sensed bidirectional
reflectance factors (BRFs); the need of simple models for this purpose has been suggested
in the literature. The objectives of this research are to: 1) develop a simple canopy radiative
transfer model, 2) invert the model to retrieve LAI from canopy BRF for various canopies,
and 3) estimate fAPAR using the model. A simple model was developed which requires
input values of leaf and soil optical properties, leaf angle distribution, leaf spatial distribution
parameter, LAI, viewing and illumination geometry and sky diffuse irradiance fraction.
Canopy BRFs, fAPAR and input parameters from field experiments in prairie grassland,
alfalfa, soybean, and corn under various canopy LAI and illumination and view conditions

were used in the analysis. Simulated corn canopy BRFs agreed on average within 0.9% and

/]

. e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.7% (red and near-infrared (NIR) wavebands, respectively) of observed values. Corn
fAPAR values were within £0.01 fAPAR units on average. Model output compared well
with a detailed model for an alfalfa canopy under a single canopy and illumination condition.
Model inversions of observed BRFs from all canopies in the study using NIR BRFs and red
and NIR BRFs together yielded LAI estimates within £0.1 LAI units. Inversions using red
BRFs alone yielded LAI estimates within 1.2 LAI units. fAPAR estimated using inversion-
retrieved LAI values were within 0.05 fAPAR units, on average, of observed values. The
model has the potential to be used in an operational setting to estimate LAl and fAPAR from
remotely-sensed BRF data in the shortwave spectrum. Suggestions for improving canopy

attribute inference from remotely-sensed data using the simple model are presented.
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CHAPTER 1

INTRODUCTION

1.1. REMOTE SENSING OVERVIEW

Remote sensing has been used to evaluate vegetative canopy processes (i.e., radiation
absorption, photosynthesis and stomatal conductance), for vegetation type screening and
mapping and as an ancillary tool for yield forecasts. In the beginning of satellite remote
sensing, research was mainly devoted to understanding how to use the data either by visual
or digital interpretation of images. At that time knowledge regarding the radiative transfer
in vegetation was limited; most of the studies were adapted from plant physiology studies
in which the physical and physiological basis for the signals measured by remote sensors
were studied (e.g., Gates et al., 1965; Knipling, 1970). Application of remotely-sensed data
(in this case signals in the shortwave region of the spectrum, the object of this research) was
limited to the use of simple relations between canopy attributes (canopy processes and
characteristics such as leaf area index (LAI), leaf angle distribution (LAD) and ground cover)
and single spectral bands or vegetation indices (VIs), which employ transformations of
radiances or reflectances of two or more bands. LAI, ground cover, fraction of
photosynthetically active radiation absorbed by the canopy (fAPAR) and intercepted PAR
were the canopy attributes commonly related to VIs. The use of empirical relationships
(curve fitting) between remotely-sensed data or its transforms, like Vs, to extract
quantitative information about the vegetation is referred to as the empirical approach to

canopy attribute inference from remotely-sensed data (Hall et al., 1995).
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Elimination of background effects (soil and leaf litter) was attempted through the use
of the simple ratio vegetation index (SRVI) (Pearson and Miller, 1972) (red band
radiance/near-infrared band radiance or reflectance) and the normalized difference vegetation
index (NDVI) (Rouse et al., 1973). However the SRVI and NDVI do not totally eliminate
background effects so that other indices have been introduced over the years, e.g., the
tasseled cap by Kauth and Thomas (1976), the PVI by Richardson and Wiegand (1977), the
SAVI by Huete (1988); the TSAVI by Baret et al. (1989) and the ARVI by Kaufman and
Tanré (1992) among others (Tucker, 1979; Jackson, 1983).

Initially, canopy radiative transfer modeling (e.g., Suits, 1972; Verhoef, 1984) and
optical property measurement efforts were devoted to understanding radiative processes.
Later a numerical approach of inferring canopy attributes using canopy radiative transfer
models (i.e., the inversion approach, the object of Chapter 3) was introduced (Goel and
Strebel, 1983). The numerical inversion consists of using a model to simulate canopy
bidirectional reflectances factors (BRFs, see Appendix A for further explanation of
reflectance terms) under various viewing (or illumination) conditions while varying the
unknown model variables (which represent the desired canopy attributes). The simulated
BRFs are then compared with the observed BRFs. The inversion retrieved canopy attributes
are those variable values that give the lowest differences between observed and simulated
BRFs.

The use of canopy radiative transfer models for inversions is referred to as a
physically-based approach because it is based on mathematical formulations which relate

vegetation attributes, soil spectral characteristics and illumination and view conditions to
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canopy radiative transfer (Hall et al., 1995). To use models to retrieve surface features, the
models can be inverted either numerically or analytically to calculate canopy attributes.
These canopy attributes in turn may be used to calculate canopy state attributes (i.e., albedo,
fraction of absorbed photosynthetically active radiation, and photosynthetic capacity) using
the same radiative transfer model. To date much of the effort related to inversions of canopy
reflectance models has been directed toward the study of the technique itself (Goel and
Strebel, 1983; Goel et al., 1984; Privette et al., 1994) as well as toward identifying the
parameters and conditions under which inversions should work (Goel and Thompson, 1984a,
1984b, 1984c; Schluessel et al. 1994; Privette et al., 1995; Privette et al., 1996).

Inversions of canopy radiative transfer models are expected to give more reliable
results than empirical approaches; however no direct comparison between these two
approaches has been performed. Two problems regarding remote sensing requirements for
the use of currently available models for inversions were identified by Hall et al. (1995): 1)
the dimensionality of the remote sensing measurement space (the number of illumination and
viewing geometries used in the inversions) must equal or exceed the number of attributes
being estimated; 2) in the more detailed models (models based on the solution of the
radiative transfer equation for vegetation canopy conditions), the number of attributes that
must be estimated is large, and the dimensionality requirements for their estimation often
exceed the intrinsic dimensionality of the remotely-sensed data. In addition, complex
radiative transfer interactions as represented in current models need to be simplified to

enhance computational speed while at the same time producing a reliable model.
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