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Next Generation Soil Mapping for Policy Requirements

Importance of global soil mapping and monitoring:

O Soil degradation, e.g. reduction in soil fertility - food security
O Soil is largest terrestrial carbon storage - climate change

Interest in remote sensing-based solutions:

O EU targets 100% healthy soils by 2050, guided by the
Soil Monitoring and Resilience Directive

O SOC/Clay ratio is a key indicator of soil degradation and carbon
storage potential in agricultural soils

OBJECTIVE

» Evaluation of current hyperspectral satellite missions to support
monitoring for soil policy requirements

» Estimation of large scale cropland SOC/Clay ratio for the German
federal state of Brandenburg
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EnMAP data coverage - State of Brandenburg

e 2023: 4 EnMAP orbits 4 EnMAP orbits Aug/Sep 2023 All EnMAP tiles end of 2024

-> only ~15 matchups with
reference samples

AR T a e I

e Integration of the data
request over Brandenburg
into the "EnMAP Foreground
Mission" (FGM) 2024 -> 63
new EnMAP tiles

e Bulk download of EnMAP
ARD [Analysis Ready Data]
via DLR EOC Geoservice
-> ~230 total EnMAPtiles |
(CC< 20% ) 3 LBGR_priority_areas

[ Exposed bare soils

~ : ® LBGR soil reference samples ;. \ EnMAP images (2024) e UAV field sites
> r(;lfze?er:z;cshaurﬁglévslth 3§ Soil samples on bare soil fields | p— 3 EnMAP images (<2024) [T EnMAP FGM orbits 2024

Realized EnNMAP acquisitions over Brandenburg Realized EnMAP scenes over Brandenburg
(<20% cloud cover) in 2023 (<20% cloud cover) and FGM orbits in 2024

{it || Leibni LBGER
%y G=Z emrotzcente NEH IR
/ for Geosciences [Py [nivavivn 3

L i Barghau,
Geologls und Ronstafls
Brancennurg



EnMAP cropland bare soil coverage - State of Brandenburg
(1)

Flaming Heath

e Intotal: ~80,000 hectares of
cropland were captured
under bare soil conditions at
least once by EnMAP.

/N\g;nu?:irti?;s Area[ha] Area[%]
x [ 66,995  83.57%
2x [] 1,243 14.02 %
3x[] 1,724 215 %
4 [ 177 0.22 %
5< Il 34 0.04 %
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Methods - General workflow for hyperspectral soil property mapping

Bare soil masking
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+ Bare soil masking: Apply combination of indices with thresholds K N VA
« Extraction of spectra corresponding to locations of soil samples at
each image
» Pre-processing: Band removal, smoothing, spectral transformations
* Models trained on consolidated SSL of all image spectra in time- Model validation

series and soil properties

« Bayesian optimization for ML hyperparameter tuning in 150
iterations

+ Validation of regression models in Cross-Validation
« 100x Bootstrapping for uncertainty estimation (PLS, SVM)
Leibnis LBER « Calculation of prediction interval ratio (PIR)
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Methods - Multitemporal hyperspectral soil property map composites

Pre-processing > Merging multiple estimations into one average soil
& bare soil maps property map over the ~2 years EnNMAP time-series
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Soil map composite
(SMC)
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(Average soil | &8
property map

Ward et al. 2024
(10.1016/j.geoderma.2024.117025)
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EnMAP SOC & Clay model accuracies - State of Brandenburg

Soil property ML model Preprocessing n R2 RMSE RPD RPIQ MAE
Organic Carbon [%] GP Reflectance 109 0.79 0.23 2.20 2.39 0.18
Clay [%] SVM FD Absorbance 118 0.85 3.59 2.57 1.14 2.64
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SOC mapping of SOC predlctlon [°/o] SOC uncertalnty [PIR]
Brandenburg cropland : ] e

e Mainly low to medium SOC
content 1-1.5% across sandy
soils of Brandenburg

e Wetland of (1) Oderbruch up
to 5% of SOC

e High uncertainty when SOC
is low

(2) Ruppiner Land

(1) Oderbruch

SOC [%] PIR SOC 50-75%
oSHET Tl 25 B <-25% [ 75-100%

' - > 100%
¢ [ Leibniz LEBER 25-50% W
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Clay mapping of Clay predlctlon [%] CIay uncertalnty (PIR)
Brandenburg cropland A o i ol g R

e Mainly low to medium Clay
content 5-10% across sandy
soils of Brandenburg

e Wetland of (1) Oderbruch up
to 40% Clay

e General lower uncertainty

(2) Ruppiner Land

(1) Oderbruch

Clay [%] PIR Clay 50-75%
o I T 20 B <25% W 75-100%

| 25-50% W > 100%
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SOC/Clay ratio cropland soils Brandenburg

(1) Flaming Heath e >77% of all Brandenburg

cropland soils show SOC/Clay
>1/8

» Very healthy soil conditions
related to SOC

. Structural
SOC:Clay Ratio Condition
- >1/8 (2 0.125) Very good
<1/8 2 1/10 (0.10-0.125) Good
<1/10 2 1/13 (0.077-0.10) Moderate
<1/13(<0.077) Degraded

Johannes et al. 2017
(10.1016/j.geoderma.2017.04.021)
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SOC:Clay Ratio Brandenburg cropland soils

. Structural Pixels Area Share

SOC:Clay Ratio Condition (n) (ha) (%)
<1/8 = 1/10 (0.10-0.125) Good 127,331 1,460 14.3 %
<1/10 = 1/13 (0.077-0.10) Moderate 53,455 4,811 6.0 %

Total 890,919 80,183 100 %

According to SOC/Clay indicator - very healthy carbon content of Brandenburg of
cropland soils. Only 2% are “degraded”

2/3 of Brandenburg cropland soils are sandy to loamy soils (low clay content)

« Overly strong clay dependence of the indicator. E.g., >60% of Chernozems
(favourable soil structure) were found in “degraded"” group (Poeplau & Don 2023)
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Conclusions

« Hyperspectral EnMAP data are highly useful for accurately mapping SOC and Clay
content of croplands (RPD>2)

» According to SOC/Clay mapping: 77% of the mapped Brandenburg cropland soils are
in “Very good” condition. Only 2% “Degraded” (< 1/12 SOC/Clay)

Outlook
« Further improving the ENMAP data coverage in 2025
» Guiding field campaigns by local authority for soils (LBGR) with preliminary
results to find underrepresented areas
» More robust models assessment
« Propagating uncertainties to higher products (SOC/clay ratio) or directly estimating
SOC/Clay from ratio of reference samples
« Assessing the influence of small scale heterogeneities at the EO scale using
hyperspectral UAV acquisitions
LI@R
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Contact: Milewski@gfz.de
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Comparison to multispectral SOC mapping

Multispectral SOC modelling for Germany (Broeg et al., 2024)

Model R? RMSE (g kg™ 1) ccC RPIQ RPD
e 30-years of Landsat
Global Model 0.52 6.79 0.68 1.14 1.44 .
Global + Distance 0.57 6.4 0.72 1.2 1.53 Comp03|te
LEM 0.67 5.63 0.80 1.37 1.74
LEM + Distance 0.68 5.55 0.80 1.39 1.76
doi.org/10.1016/j.geoderma.2024.116850
Hyperspectral SOC modelling for Brandenburg
Model R2 RMSE (g kg?) RPIQ RPD
e ~2-years of EnMAP
Global Model 0.79 2.3 2.39 2.20 y
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https://doi.org/10.1016/j.geoderma.2024.116850

SOC:Clay Soil Condition - Predicted vs. In-Situ Data

SOC:Clay Ratio gﬁﬁfﬂ;ﬂ Pi()l(1e)ls I?;:)a Croplzaozt)al Map In-Situ(;a)mples ngjﬂte
= 1/8 (= 0.125) Very good 692,012 62,281 77.7 % 64.3 % 54
<1/8 = 1/10 (0.10-0.125) Good 127,331 11,460 14.3 % 11.9 % 10
<1/10 = 1/13 (0.077-0.10) Moderate 53,455 4,81 6.0 % 71% 6
<1/13 (< 0.077) Degraded 17,821 1,604 2.0 % 16.7 % 14

Total 890,919 80,183 100 % 100 % 84

the in-situ dataset (64.3 % and 16.7 %)
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Distribution trend aligns, but the map shows a shift toward better conditions
More very good soils (77.7 %) and fewer degraded soils (2.0 %) than observed in
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