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Introduction — estimation of soil variables

Satellite imaging spectroscopy

The use of spectral libraries to reduce the influence of soil moisture on
the estimation of soil properties from satellite imaging spectroscopy
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Introduction — hyperspectral remote sensors

Current Future

NASA’s EO-1: Hyperion
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The use of spectral libraries to reduce the influence of soil moisture on
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Aim of the study

The potential of spectral libraries to reduce the influence of soil moisture on
the estimation of soil properties from satellite imaging spectroscopy

Calibration of SOC, clay, moisture indices
using spectral libraries

I
: — Different
Soil samples characteristics SM levels
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Satellite data
(Hyperion and simulated PRISMA data)

Soil Spectroscopy

The use of spectral libraries to reduce the influence of soil moisture on
the estimation of soil properties from satellite imaging spectroscopy
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Simulated satellite data — PRISMA

Spectra resampling according PRISMA sensor’s characteristics
(bands, FWHM, expected NEDR)

1. At-sensorradiance, inverse process of atmospheric correction

PT(D[Ey(D)Cos(6,)Ty (D +E (D ]+7mLr (1)
A

Rad(1) =

Rad(A): at-sensor radiance; p(1): reflectance; T(1): soil transmittance of the sensor; E,(1): solar spectral
irradiance (TOA); 6,: Solar Zenith Angle; L1(1): upwelling radiance

2. Re-obtain reflectance + noise equivalent differential reflectance

Rad(A)poisy = Rad(A) + Gauss(0, NEDR)

Rome 4-6 December 2013

3. Atmospheric correction (MODTRAN4)

1 _ rt[Rad(A)noisy—mLr(A)]
p(D)prisma = TH(D)[Eo(A)Cos(8) Ty () +EL ()]

The use of spectral libraries to reduce the influence of soil moisture on
the estimation of soil properties from satellite imaging spectroscopy
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Spectral libraries

N° Tvoe L;s::j Variable Spectral | Spectral
samples yp ) Range meas. range
variable
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Spectral libraries - Methodology

1. Transformation of all spectra from reflectance (R) to Band depth (BD) and
absorbance (A)

2. Correlation analysis between A, BD, R and soil variables for all wavelengths
3. Detection of spectral ranges having high correlation values

4. Mean and maximum BD value and total area of the most promising spectral
ranges were used to develop simple or normalized ratio indices.

BDmax

(o]
o

TA

Wavelength

5. The indices were correlated with soil variables, using two-thirds of datasets for
calibration one third for validation (RMSE and RPD)

The use of spectral libraries to reduce the influence of soil moisture on
the estimation of soil properties from satellite imaging spectroscopy
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Preliminary survey — ICRAF-ISRIC, SOC
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o Preliminary survey — LUCAS, SOC and Clay
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Preliminary survey — LUCAS, Clay
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Preliminary survey — LUCAS, SOC and Clay

| Region L: Soils of the plains and low hills Region D: Soils of the Po plain and
| of central and southern Italy associated hills
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Preliminary survey — INRA, SOC

| | | | | Index RMSE RPD
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Satellite data — EO-1 Hyperion, SOC

B041 Field (26 ha) in Maccarese S.p.a (Central Italy)
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Preliminary survey — MAC, Clay
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Soil Spectroscopy

Preliminary survey — SMIR, MAC + INRA
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Satellite data — SMIR

EO-1 Hyperion bare soil Field sampling — TDR SMIR B
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Satellite data — EO-1 Hyperion, CLAY

Hyperion - SNR
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Satellite data — EO-1 Hyperion, CLAY

Different indices according

Dry index to all field
to SM classes
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Little wet
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Simulated satellite data— PRISMA
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Conclusions

Spectral libraries

* Using some libraries we obtained indices having validation results higher or equal than PLSR
models (ICRAF-ISRIC, MAC)

*  The tests performed on MAC data show how the spectral features related to clay are affected
by soil moisture

Remote data

* The SMIR_B allowed to delineate variable soil moisture areas using Hyperion image
* Simulated PRISMA’s data highlighted the importance of a priori knowledge of soil moisture
for clay estimation.

Future applications

* A synergy with satellite radar data (COSMO SkyMed) could be also envisaged to improve the
SM estimation.

*  The coming hyperspectral sensors should have a better signal quality than Hyperion,
hopefully opening the way for the routine estimation of topsoil properties from bare soil
images.

* Spectral measurements at different moisture levels are desirable in large spectral libraries to
calibrate indices according to soil moisture content

Rome 4-6 December 2013

The use of spectral libraries to reduce the influence of soil moisture on
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