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LEAFMOD: A New Within-Leaf Radiative

Transfer Model

Barry D. Ganapol,*' Lee F. Johnson," Philip D. Hammer,'
Christine A. Hlavka,! and David L. Peterson'

We describe the construction and verification of a
within-leaf radiative transfer model called LEAFMOD
(Leaf Experimental Absorptivity Feasibility MODel). In
the model, the one-dimensional radiative transfer equa-
tion in a slab of leaf material with homogeneous optical
properties is solved. When run in the forward mode,
LEAFMOD generates an estimate of leaf reflectance and
transmittance given the leaf thickness and optical charac-
teristics of the leaf material (i.e., the absorption and scat-
tering coefficients). In the inverse mode, LEAFMOD
computes the total within-leaf absorption and scattering
coefficient profiles from measured reflectance, transmit-
tance, and leaf thickness. Inversions with simulated data
demonstrate that the model appropriately decouples scat-
tering and absorption within the leaf, producing fresh
leaf absorption profiles with peaks at locations corre-
sponding to the major absorption features for water and
chlorophyll. Experiments with empirical input data dem-
onstrate that the amplitude of the fresh leaf absorption
coefficient profile in the visible wavebands is correlated
with pigment concentrations as determined by wet chem-
ical analyses, and that absorption features in the near-
infrared wavebands related to various other biochemical
constituents can be identified in a dry-leaf absorption
profile. ©Elsevier Science Inc., 1998

° Departments of Acrospace and Mechanical Enginecring, Hy-
drology and Water Resources, University of Arizona, Tucson

t Ecosystem Science and Technology Branch, NASA/Ames Re-
search Center, California

t Institute Earth Systems Science and Policy,
University, Monterey Bay

California State

Address correspondence to B. Ganapol, Dept. of Aerospace &
Mechanical Engineering, Univ. of Arizona, Tucson, AZ 85721, e-mail:
ganapol@cowhoy.ame.arizona.edu

Received 2 December 1996; revised 18 July 1997

REMOTE SENS. ENVIRON. 63:182-193 (1998)
©Elsevier Science Inc., 1998
653 Avenue of the Americas, New York, NY 10010

INTRODUCTION

It is well known that, within plant communities, the leaf
is the primary energy harvesting element promoting de-
velopmental regulation and adaptive control. The light
intercepted and absorbed by the leaf interior, collectively
referred to at the canopy level as the fraction of photo-
synthetically active radiation (FPAR), provides the en-
ergy necessary to drive carbon fixation. Previous studies
have shown a relationship between canopy near-infrared
and red reflectance with FPAR {Asrar et al., 1984; Sell-
ers, 1985). Recently, several ecosystem production mod-
els have used remotely sensed data as input for FPAR
estimation (Potter et al., 1993; Running and Hunt, 1993;
Ruimy et al., 1994; Prince and Goward, 1995).

A portion of the carbon in the litterfall subsequently
undergoes decomposition and accompanying nutrient
turnover, contributing to the carbon cycle and to gas ex-
change with the atmosphere. In part, the turnover rates
are determined by the foliar biochemical composition.
Thus, our ability to predict the dynamics of biogeochem-
ical processes that regulate the ecosystem response to
environmental stress would be enhanced if the content
of the significant biochemical agents within an ecosystem
could be remotely estimated by aircraft or satellite sen-
sors. Toward this end, various empn‘lcal studies have in-
vestigated the possibility of using airborne imaging spec-
trometry for biochemical estimation of forest canopies
(Peterson et al., 1988; Wessman et al., 1988; Johnson et
al., 1994).

Remote estimations of FPAR and biochemistry, how-
ever, are sensitive to such factors as sensor calibration, so-
lar irradiance, atmospheric effects, and soil brightness
(Goward et al.. 1991: Baret and Guyot, 1991). In the
case of canopy chemistry, additional uncertainties arise
from errors in laboratory measurements of foliar chemis-
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