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Introduction

Soil organic carbon (SOC)

¢ Important soil component
* Soil fertility
e Climate change mitigation

Remote sensing

¢ Available data for SOC estimation
* Good spatial and temporal coverage
+*» Limitations of use — limited bare soil exposure
* Snow cover
* Vegetation cover and crop residues
* No-tillage, conservation tillage, mulching, cover crops, strip-till ...
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Objective

**To compare the performance of several methods (the index-
based, unmixing-based, and integrated classification
approaches on single-date multispectral satellite data) to
discriminate the bare soil pixels from dry and green
vegetation

*»*To evaluate the effect of classification on SOC prediction
accuracy
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Data collection Measurement & pre-processing

— Photo segmentation and reference image/map
Classification approaches

Evaluation and comparison SOC modeling

Construction of the study
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Methodology

Field campaign

e 320 soil samples from
four sites (Nova Ves, Ji¢in,
Klucov and Prestaviky)

* SOC content of all
samples was
measured

* Digital ground vertical
photographs were
taken as soil cover
ground truth
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a) Study sites in the Czech Republic and sampling locations in b) Klucov,

c) Prestavlky, d) Nova Ves nad Popelkou, and e) Jicin. Background is the
airborne image acquired on June 3, 2021




Methodology

Multispectral satellite data
+** Landsat 8 (L08-OLI) — Operational land imager level 1T (radiometrically and geometrically corr.)

e Fast line-of-sight atmospheric analysis of spectral hypercubes (FLAASH) algorithm (for
atmospheric correction)

+* Sentinel 2 (S2) - Level 2A (atmospherically and geometrically corrected )
 Resampling the 20m bands to 10m

Study sites, field campaign and image acquisition dates

Site Area  Soil sampling Landsat-8 image Sentinel-2 image Airborne image
(ha) date acquisition date acquisition date acquisition date
Nova Ves 129 June, 2021 15.06.2021 04.06.2021 03.06.2021
Jicin 153 June, 2021 15.06.2021 04.06.2021 03.06.2021
Klucov 175 June, 2021 15.06.2021 19.06.2021 03.06.2021
Prestavlky 58 June, 2021 15.06.2021 19.06.2021 03.06.2021
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Methodology

Airborne hyperspectral imaging

¢ CASI/SASI (Itres Ltd., Calgary, Canada) sensors aboard Cessna 208B Grand

Caravan photogrammetric aircraft
*** Ground truth, digital ground vertical photos from the soil sampling sites

Pre-processing

* Radiometric corrections by RadCorr Ver. 9.3.6.0

* Atmospheric corrections by MODTRAN in the ATCOR-4 Ver. 7.3

* Geometric corrections, orthorectification and georeferencing in GeoCor Ver. 3.7.2

* Removing noisy bands, transformation to absorbance, Savitzky-Golay smoothing
and first derivative transformation
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Methodology

Photo segmentation, reference image and reference map
* All photos taken from the sampling locations were segmented and the percentages
of each cover class was determined | " > N

Representative photos of different soil
cover classes at sampling points
within the study sites:

a) bare soil,

b) green vegetation,

c) dry vegetation,

d) mixture of all cover classes
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Methodology

Photo segmentation, reference image and reference map

* A random forest (RF) model was developed using the spectra of the airborne image
at sampling points (as predictor variables) and the obtained cover class percentages
(as response variables).

* This model was later applied to the whole airborne image to produce a 2.5m x 2.5m
pixels reference soil cover RGB image (reference image) representing the
percentages of the three cover classes in each band:

* R:bare soil
* @G: green vegetation
* B:dryvegetation

* Binary reference map was obtained by classification of the reference image (pixels

with more than 80% bare soil labeled as bare soil, remaining as non-bare)
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Methodology — image classification

1. Index-based approach
 NDVI (Normalized difference vegetation index) to mask the green vegetation:
- threshold values from 0.05 to 0.25, with 0.01 increment

NDVI = (NIR1 - Red)/(NIR1 + Red)

 NBR2 (Normalized Burn Ratio 2) to mask the dry vegetation:
- threshold values from 0.05 to 0.25, with 0.01 increment

NBR2 = (SWIR1 — SWIR2)/(SWIR1 + SWIR2)

* The reference map was used for defining the optimal threshold values
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Methodology — image classification

2. Unmixing-based approach

* The linear spectral unmixing (LSU) was implemented to disintegrate the pixels
fractions of bare soil, green vegetation, and dry vegetation

* The pure pixels were manually extracted from the airborne imagery

* Fifteen pure pixels of each cover class were extracted as endmembers

* Abundance maps of the satellite images pixels were produced

e Different thresholds (from 50% to 95% with the 5% increment) were considered
to label the bare soil pixels
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Methodology - image classification

3. Integrated approach

Random Forest Bare soil fraction

Bare soil
cover
abundance

* Different thresholds (from 50% to 95% with increment of 5%) to label the mixed
pixels
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Methodology — model development for SOC prediction

Model development procedure Evaluation criteria

* Kennard-Stone (KS) for splitting data * |Index of determination (R?)
> training (75%)  Root mean square error (RMSE)
> testing (25%) * Mean error (ME)

e Residual prediction deviation (RPD)
* 5-fold cross-validation for training

 Random Forest (RF) for modeling
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Results

Segmented photos

* All digital photos were segmented and percentages of every soil cover class were
calculated.

* Visual comparison indicated that the segmentation was satisfactory and soil cover
fractions were successfully extracted.

* Samples-pixels with each soil cover class percentage greater than 80% were
labeled as that cover type
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Results

Samples statistics

Descriptive statistics of samples’ SOC content (%) in different cover classes and sites
Bare soil Green vegetation Dry vegetation

n Min Max Mean n Min Max Mean n Min Max Mean

NovaVes 63 0.88 3.97 142 12 1.06 1.85 1.37 5 1.18 157 1.36

Jicin 22 081 1.78 1.06 40 0.69 1.61 1.03 17 05 187 1.03
Klucov 61 0.78 1.54 1.09 3 098 154 1.17 15 0.77 161 1.18
Pfestavlky 65 0.63 2.13 1.20 14 031 151 1.05 3 094 129 1.12
All 211 0.63 3.97 1.22 69 0.31 185 1.1 40 05 1.87 1.13

n: number of samples, Min: Minimum, Max: Maximum
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Results

Soil cover reference image
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Reference image (R: bare soil, G: green vegetation, and B: dry vegetation)
for a) Nova Ves nad Popelkou, b) Jicin, c) Klucov, and d) Prestavlky sites
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Results

Soil cover reference map
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Reference map prepared after classification of the reference image
for a) Nova Ves nad Popelkou, b) Jicin, c) Klucov, and d) Prestavlky sites
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Results

Satellite images classification results

Linear regression parameters and OA (%) (all for bare soil)

obtained by different classification approaches

Index-based Unmixing-based Integrated
LO8-OLI  S2 LO8-OLI S2 LO8-OLI S2
R? 0.75 0.78 0.77 0.81 0.81 0.87
RMSE 0.05 0.03 0.03 0.02 0.02 0.01
RPD 2.11 2.13 2.12 2.16 2.15 2.21
NDVI: 0.22
oT NBR2: 0.13 0.90 0.90 0.85 0.85
OA (%) 68 74 70 78 76 85

OT: optimal threshold, OA: overall accuracy
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Results

Satellite images classification results

Linear regression parameters and OA (%) (all for bare soil)

obtained by different classification approaches
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Results

CIaSSiﬁcation resu ItS Index-based approach Unmixing-based approach| Integrated approach
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Results

Spatial distribution maps

Index-based approach

Bare soil pixels retrieved using different classification
approaches on Landsat data
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Unmixing-based approach

528900 529600 53030( 517203 518154 491650 493100 5 481000 481500 48200

@ EJP SOIL

STEROPES

Integrated aioproach




Nova Ves Ji€in | KluCov Prestavlky |
528900 529600 530300 517203 518154 519105 491650 493100 494550 481000 481500 48200
c , .
(8]
Results :
S
Q
Q
©
[ ] [ ] [ ] [ ] E
patial distribution maps a
©
<
X
()
. L d . Ld Ld Ld . Ll g
Bare soil pixels retrieved using different classification =
. | | |
approaches on Sentinel 2 data - 528900 529600 530300 517203 518154 519105  49ies0 493100 494550 431000 431500 482000
(8]
o
Nova Ves | Jicin Klucov Prestavlky | =
528900 529600 53030( 51203 518154 519105 491650 493100 494550, 481000 481500 48200/ &
¥y ©
| T
Q Q
£ ©
g &
c c
() o—
— b
qq-, o
Q S Mo
x : W Non-bar
= | | :.
518154 519105~ 491650 493100 494550 481000 481500 48200(
N -
(8]
©
o
S
Q.
Q.
©
T
— ()]
5 L d
(| :
S
@ EJP SOIL :
3
STEROPES £
I [ [ [




Results

SOC modeling on retrieved bare soil

Landsat 8-OLI Sentinel-2

Site Approach ME RMSE RZ CCC RPD n ME RMSE RZ CCC RPD

SOC prediction Nova Ves Index-based 58 0.15 031 029 0.32 1.47 61 013 028 032 038 1.62

Unmixing 59 010 028 027 030 1.61 63 011 025 031 0.42 1.83

performance of models Integrated so0 -012[ 025 032 034 182 52 -008[ 022 037 039 2.06
developed on bare soil

i ) Jigin Index-based 17 012 022 037 041 1.16 19 01 019 043 049 1.35

sample-pixels retrieved Unmixing 18 014 019 046 053 1.35 20 012 021 049 051 1.22

via different Integrated 15 -009[ 017 051 062 151 17 006 [ 014 052 055 1.83

classification Klugov Index-based 56 009 020 050 056 090 59 006 016 055 062 1.12

approaches (validation Unmixing 56 010 017 053 0.55 1.05 58 -009 014 058 0.60 1.28

data) Integrated 44 007 013 058 062 1.38 50 007] 011 064 067 163

Prestavlky Index-based 60 0.10 023 046 0.52 1.35 63 008 017 055 061 1.82

Unmixing 61 008 016 057 059 1.94 65 -006 018 059 065 1.72

Integrated 52 -004[ 013 060 063 238 55 005[ 010 063 069 3.10

All areas  Index-based 191 -0.16 025 033 037 142 202 014 027 0.24 041 132
Unmixing 194 009 030 032 0.32 1.18 206 012 029 033 0.37 1.22

/ E J p SO% Integrated 161 011 023 036 0.40 1.54 174 -008| 020 039 042 1.78

J STEROPES n: number of retrieved bare soil sample-pixels



Conclusions

* Separate implementation of the approaches yielded lower accuracy results

* Integration of the two approaches showed the best performance in estimation of the
bare soil fractions, especially on S2 data

* The OA of binary classification was the highest for integrated approach reaching 85%,
followed by the unmixing-based approach with OA value of 78% (both on S2 data)

* Models developed on the sample-pixels retrieved using the integrated approach
showed superior performance followed by those constructed on unmixing-based
approach related data

* Nevertheless, the effect of locality on the prediction accuracy was bigger than the
effect of the method used
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