Assessment of current and future multi- and
hyperspectral sensors for the retrieval of soil
variables
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Bare soils are typically observed in arable croplands
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Can we retrieve
guantitative information
from optical data of bare
soils ?
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# Natural soil profile :
variation with depth

Soll tillage: roughly
similar properties
within cultivated layer
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Objective: evaluate the performance of current and
forthcoming multispectral and hyperspectral imagers for
the quantitative retrieval of solil texture (clay, sand and
silt) and Soil Organic Carbon (SOC)

Spectral libraries

Soil : . Removed
. ) Transformation :
Library variable outliers

Clay/% 713 78 2972 1354 046 051
sand/% 713 92 2618 1859 071  1.08
Silt/% 713 79 4401 1389 032 -0.23
sOC/% 713 0. 16 165 118 072 467

LUCAS_C

Clay/% 163 395 5608 3477 9.75 028 0.9
Sand/% 163 1501 60.59 3684 9.73 026  0.33
Silt/% 163 842 6393 2838 941 033 045
SOC/% 166 055 232 125 046 037 064 Log

PONMAC

Soil samples were placed in Petri dishes and their spectral signatures were measured in
a dark lab in the visible-near infrared (VNIR) to SWIR optical domain (350-2500 nm,
spectral sampling of 1 nm) using an ASD Field Spec Fr Pro spectroradiometer



Main technical characteristics of the imagers considered in this study

Spectral
Imager bands

Spectral
range

SNR

SNR condition

EO-1 ALI

LANDSAT
8 OLI

Sentinel-2
MSI

Hyperion

PRISMA

HyspIRI

4 VNIR
3 SWIR

5 VNIR
2 SWIR

9 VNIR
3 SWIR

400-2500

420-2450

400-2500

380-2510

572 @550 nm
1040 @1550 nm
912 @2080 nm

100 @562 nm
100 @1610 nm
100 @2200 nm

168 @560 nm
100 @1610 nm

1NN /M210N Nnm
161 @550 nm
147 @700 nm
110 @1125 nm
40 @2125 nm

> 500 @495 nm

> 150 @2200 nm

600 @ 0.65 pm

> 400 @ 1.55 pum

>200 @ 2.1 pm

560 @500 nm
356 @1500nm
236 @2200 nm

17,08 mW/cm? sr um
2,15 mW/cm? sr pm
0,68 mW/cm? sr um

30 W/m? sr pm
4,0 W/m? sr pm
1,7 W/m? sr pm

128 W/m? sr pm

4,0 W/m? st um
1 B\AM/m2 er 1im

nadir looking
60° sun-zenith angle
0.3 earth albedo

nadir looking
30° sun-zenith angle
0.3 earth albedo

nadir looking
30° sun-zenith angle
0.3 earth albedo

nadir looking
23,5° sun-zenith angle
0.25 earth albedo




Resampling spectral
responge functions of imagers

2.
Resampled

Spectra
| library 1. Full spectra

Atmosphere
(MODTRAN)

Addition of noise

O SNR at different radiance
magnitudes

O conversion of the SNR to Noise At sensor TOA
equivalent in ARadiance (NeAR)

O Gaussian statistics radiance
(no noise)

At sensor TOA Atmospheric correction
radiance

(with noise)

p= % IL—Ly—Gauss(0, NeAR)](1—pS)




Partial Least Squares Regression (PLSR)

v Pre-treatment: elimination of outliers (outside mean +/- 1.5 IQR) ;
transformation of non normal soil data; removal of noisy bands falling
into the absorption ranges of the atmospheric gases.

v’ estimate soil variables from three types of data: (1) full laboratory spectra

resampled spectra (=) simulated spectra including sensors’ noise +
atmospheric effects

v' to detect main spectral regions that affect soil variables estimation,
variance importance in projection (VIP) values are calculate. VIP =
weighted sum of squares of the PLS weights.

v Multiple jack-knifing validation: 100 times random selection of calibration
(70%) and validation (30%) sets

v' statistics and ANOVA of 100 reps of RPIQ:

E:T 1 [Ir-‘}"-:] - }"p ..II:|‘-

od RPD>2 accurate models
RPD = oyicE RPD between 1.4 and 2 intermediate
RPD<1.4 no predictive ability




PONMAC
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Clay - resampled data

Full Hyp erion HyspIRI EnMAP  PRISMA La ndsat E Sentinel-2
spectrum

Sand - resampled data

ab

Full Hyperion HysplRI  EnMAP  PRISMA Landsat8 Sentinel-2
spectrum




LUCAS Spectral library

Silt - resampled data

Full Hyperion HysplRI EnMAP  PRISMA Landsat8
spectrum

Soil organic carbon - resampled data

Full Hyperion HysplRI EnMAP  PRISMA Landsat8
spectrum
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Clay - resampled data

a
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Full Hyperion HyspIRI EnMAP  PRISMA Landsat8
spectrum

Sand - resampled data

sentinel-2

h d ab

Full Hyperion HysplRI EnMAP  PRISMA Landsat8
spectrum

Sentinel-2




PONMAC Spectral library

Silt - resampled data

Full Hyperion HyspIRlI EnMAP  PRISMA Landsat8
spectrum

Soil organic carbon - resampled data

Full Hyperion HyspiRI EnMAP  PRISMA Landsat8
spectrum
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Clay [sensornoise+atmosphere]

I I I b

Hyperlun HysplRI EnMAP PRISMA Landsat 8 Sentinel-2

Sand [sensor noise+atmosphere]

ab

Hyperion HyspiRI EnMAP PRISMA Landsat 8 Sentinel-2




LUCAS Spectral library

Hyperion

Hyperion

Silt [sensor noise+atmosphere]

HysplIRI EnMAP PRISMA Landsat 8

SOC [sensor noise+atmosphere]
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PONMAC Spectral library
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PONMAC Spectral library

Hyperion

Hyperion

Silt [sensor noise+atmosphere]
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Issues when moving to real data

Satellite imaging spectroscopy

Multivariate or hybrid techniques
(e.g. or RK)

Hyperspectral indices

Model generalization ??

Obstacles : spectral resolution, signal quality, geometric and atmospheric
correction, availability of bare soil image, roughness, crop residues,
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the entire
spectrum, but this
decrease is not
linear and its
magnitude varies
depending on the
spectral region and
the solil type.
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CONCLUSIONS

O forthcoming hyperspectral imagers enhance the accuracy of soll
variables estimation as compared to current generation sensors,
with RMSE between 5.2 and 6.7% for texture, 0.25 for SOC

L advancement of the new generation hyperspectral imagers (e.g.
as compared to Hyperion), due to the improvement of the SNR in
the SWIR region (especially 2000-2400 nm)

O EnMAP, PRISMA and HyspIRI imagers provided significantly
better estimation accuracy than ALI, Landsat 8 and Sentinel-2

0 improvement is mainly due to a higher spectral resolution coupled
to a better SNR

O satisfactory quantitative estimation results from hyperspectral
imagers is still hampered by a too low SNR in the SWIR spectral
region

Castaldi, F., Palombo, A., Santini, F., Pascucci, S., Pignatti, S., Casa, R.., 2016. Evaluation of the
potential of the current and forthcoming multispectral and hyperspectral imagers to estimate soil
texture and organic carbon. Remote Sensing of Environment, 179, 54-65.



