N
N

N

HAL

open science

Modeling soil reflectance spectra in the solar domain
(400- 2500 nm) as a function of moisture content:
Improvement of the MARMIT model
Alice Dupiau, Stéphane Jacquemoud, Xavier Briottet, Francgoise
Viallefont-Robinet, Sophie Fabre, William Philpot, Claudia Di Biagio, Paola

Formenti

» To cite this version:

Alice Dupiau, Stéphane Jacquemoud, Xavier Briottet, Francoise Viallefont-Robinet, Sophie Fabre, et
al.. Modeling soil reflectance spectra in the solar domain (400- 2500 nm) as a function of moisture
content: Improvement of the MARMIT model. Hyperspectral Imaging and Sounding of the Envi-
ronment (HISE), Jul 2021, Washington, United States. pp.HM5B.4, 10.1364/HISE.2021.HM5B.4 .
hal-03559901

HAL Id: hal-03559901
https://hal.science/hal-03559901
Submitted on 7 Feb 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03559901
https://hal.archives-ouvertes.fr

Modeling soil reflectance spectra in the solar domain (400-
2500 nm) as a function of moisture content: Improvement of
the MARMIT model

A. Dupiau®?, S. Jacquemoud?, X. Briottet?, F. Viallefont-Robinet?, S. Fabre?, W. Philpot?, C. Di Biagio*,
P. Formenti*

tUniversité de Paris, Institut de physique du globe de Paris, CNRS, F-75005 Paris, France
(dupiau@ipgp.fr, jacquemoud@ipgp.fr)
2ONERA/DOTA, Université Fédérale de Toulouse, 2 avenue Edouard Belin, BP 74025, F-31055 Toulouse Cedex 4, France
(xavier.briottet@onera.fr, francoise.viallefont@onera.fr, sophie.fabre@onera.fr)
3School of Civil & Environmental Engineering, Cornell University, 220 Hollister Hall, Ithaca, NY 14850, USA
(philpot@cornell.edu)
“LISA, UMR CNRS 7583, Université Paris Est Créteil et Université de Paris, Institut Pierre Simon Laplace, 61 avenue du Général de Gaulle, F-
94010 Créteil, France
(claudia.dibiagio@lisa.ipsl.fr, paola.formenti@lisa.ipsl.fr)

Abstract: An improved version of the MARMIT model is proposed. Wet soil is represented as a
dry soil layer surmounted by a layer of a mixture of water and soil particles. © 2021 The Author(s)

1. Introduction

Soil moisture content (SMC) is a key variable of the critical zone, with many applications in agriculture,
meteorology, hydrology, defense and planetology. It can be estimated in situ by destructive and spatially limited
methods that are not suitable at large scale. Since the 1970s, remote sensing proved to be a reliable tool to assess
SMC. The solar domain (400-2500 nm) enables to estimate surface soil moisture since light enters the soil less than
a few millimeters. The challenge to quantify soil water content is to link the reflectance spectra to the SMC. Our
approach is to develop a physically-based model to simulate soil reflectance for various SMC over the solar domain
and to invert it to assess SMC. MARMIT [1] (MultilAyer Radiative transfer Model of soll reflecTance) is a two-
layer radiative transfer model based on previous work ([2], [3], [4]). It depicts a wet soil as a dry soil topped with a
thin layer of pure liquid water. Although it predicts SMC with a relatively good accuracy, the fit between the
measured and the modeled reflectance spectra was unsatisfactory, especially in the water absorption bands around
1.4 and 1.9 um. This paper introduces a new version of the model in which soil particles are included in the water
layer that leads to improved performance.

2. The MARMIT model
The MARMIT model [1] is illustrated in Figure 1.
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Figure 1: Schematic representation of the MARMIT model.

The reflectance of a wet soil, R,,,, is expressed as a function of the reflectance of a dry soil, R, as follows:
_ tiptyi Ry
Y1 -1 ReTE
t,, is the Fresnel transmission coefficient at the air/water interface; t,, and r,, are the Fresnel transmission and
reflection coefficients at the water/air interface; they are both integrated over a hemisphere as light is supposed to be
diffuse inside the water layer. T, is the transmission of the water layer expressed with the Beer-Lambert law as a
function of the thickness of the water layer L (cm). The reflectance of a wet soil is modeled as:
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Rpoa = €Ry + 1- E)Rd (2)
with € (0 < € < 1) the area fraction of wet soil. The Python codes and the databases used for the validation of
MARMIT are about to be released online.

3. Improvement of the MARMIT model

The new MARMIT model includes soil particles in the water layer, the diameter of which is assumed to be small
compared to the wavelengths. It calculates the effective dielectric permittivity of the water and soil particles mixture
using the Maxwell Garnett approximation [5, 6] and then infer an effective refractive index that modifies the optical
properties of the water layer. To express the effective absorption coefficient of the water and soil particle layer, we
assume that the absorption coefficients are additive. Data on soil inherent optical properties are scarce in the
literature so, after some attempts, we set the complex refractive index of soil particles to 1.53 + 1073 which is
consistent with values measured for minerals [7]. Figure 2 shows reflectances measured for the Luvisol soil of
Bab16 database [1] at various moisture levels and reflectances predicted with MARMIT and our new version of
MARMIT. The inclusion of soil particles in the water layer enables a better reflectance fit, particularly in water
absorption bands.
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Figure 2: Measured (solid lines) and modeled (dashed lines) reflectances of a silt soil for several
moisture levels with (left) MARMIT and (right) the improved version of MARMIT.

Figure 3 shows the root mean square error (RMSE) between the measured and modelled reflectance spectra for
the two versions of MARMIT. It is the mean RMSE for 225 soil samples of our database that contain dry and wet
soil spectra. The insertion of soil particles in the water layer leads to a significant reduction of the RMSE over the
entire spectral range.
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Figure 3: Mean RMSE between the measured and the modeled reflectance for 225 soil samples.
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