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Improved management practices can increase SOC stocks
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» Agricultural fields can increase SOC stocks through
improved management practices, which could play a
crucial role in mitigating atmospheric CO2 levels.



How can we quantify the dynamics of SOC stock?
How management practices influence SOC changes?

Same sites — resampled each decade
Used for ground-truthing SOC change
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* Developed using short- and long-term data
* Calibrated using short- and long-term data
* Evaluated against long-term data

* Applied to derive tier 2 EF

* Applied using spatial data as tier 3 methoddlogy
* Verified using survey data and remote sensipg

SOC change
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Key: B = long-term experiment Q = farm

(Smith et al., 2020)
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Focus of this Presentation

2. How to assimilate these RS products into
process-based models (MRV4SOC & CRCF)



Core ldea
Conservation Agriculture

Minimum mechanical

Species diversification Permanent soil organic cover .
soil disturbance

info?
» Field-scale agricultural census SRS GOl e LT X

databases Differentiate remote sensing signals
* (Land Parcel Information System’ from soil, main crops and cover crops
LPIS) ,
» Separate main crops by phenology
Rotations One field « Distinguish between bare soil and
. . . o ., Covercropusing RS vegetation

indices and soil indices

2016 2017 2018 2019
Sugar beet wheat Flax Potato Maize wheat NDVI=(NIR-RED)/(NIR+RED)--plant

NBR2=(SWIR1-SWIR2)/(SWIR1+SWIR2)--crop residue



Cover crop identification: Whether there is a strong crop emergence during the no main crop periods?
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Core ldea

Conservation Agriculture

“Inversion (e.g. moldboard plo

Narrowband indices: Cellulose
Absorption Index (CAl)

‘fNon Inve\rsioﬁ»(e g. Stﬁp tlllage)
(Morrls et*al,_2010)
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* Broadband indices:
Normalized Burn Ratio 2 (NBR2)

Minimum mechanical
soil disturbance

Tillage practices can be
detected through the
differences in residue cover.



Main idea: Build inversion/non-inversion tillage models under three different scenarios

laterd
One field: | 2015(t0pshort) 2016 _ Inter2 2017 Inter 3 2018  Inter4 2019 (mﬂ 2020
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Independent variables NA (often occurs when next crop mean/min values of NBR2, proportion of CC/BS
is a winter crop) NDVI, VV and VH backscatter mean/min values of NBR2,
NDVI, VV and VH backscatter

Dependent variable inversion/non-inversion inversion/non-inversion
_ Output NA Model | Model I

Ploughing may occur within this interval, but usually farmers complete the ploughing and the land preparation in one day.
Hence it is not possible to obtain sufficient information within such a short period from satellite imagery.




Cover crops map in 2015 winter

Cover crops map in 2016 winter

Cover crops map in 2017 winter

Cover crops map in 2018 winter

Cover crops map in 2019 winter

Cover crop percentage (%)
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Figure 1 - Structure of the Rothamsted Carbon Model
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LONZEE TERRESTRIAL OBSERVATORY,

2004
* One of the longest and most complete data series
on cropland in Europe
* Four years rotation crop
(sugar beet, winter wheat, potato, winter wheat)
* Flux and meteorological data since 2004
* Coordinates: 50° 33'05.7"N 4° 44'46.1"E
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Prepare boundary conditions with remote sensing
Remote Sensing Spatial

Variable Source Resolution

Monthly mean air °C Terra Climate
temperature
Climate data  Monthly precipitation mm Terra Climate ~4 km
Monthly open pan mm Calculated from monthly mean air
evaporation temperature
Initial carbon pool thal Zhou et al., 2022 30m
- O H ~
Soll data Clagecc;:tg;l; 3:: ’Icgeesr,on % Geoportal of Wallonia 100 m
P y cm Set as 30
sampled
Soil cover Soil cover (O or 1) none Time series NDVI dataset 30m
C input from Main crops <-> Bolinder
. (0N 4 Vi .
Monthly(‘f input £ C hal | Equation + Yield info Per field
Management plant residues C input from Cover crops <-> Cover
crop maps + Estimated AGB of CC
Monthly € input tChal Calculated based on livestock numbers Per province
farmyard manure

RS-only model vs. in-situ model — error = 1.76 t/ha
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SOC stock at 2015 (t/ha)
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Scenario 2 : Long Cover Crop

Assumption: 2019 winter Assumption:

All fields adopt reduced tillage s All fields with the potential for cover
W cropping will plant cover crops and keep
them for a long duration.
Reduced tillage: 9.6%
7 é

Traditional tillage: 90.4%
ﬂ Plant Long

Plant cover crop duration cover
- No covercrop ——— > Plant cover crop crop

Reduced tillage Covered by winter crop
Effect on Modelling: Effect on Modelling:
Slow down decomposition rate of each pool. Increase carbon input from crop residues.
(Jordon & Smith, 2022; proposed a modifier Extend the period during which the field is covered
value of 0.93) rather than bare.
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Scenarios SOC stock
iz hajz Scenario 3: CC+RT
BAU -0.50+1.48
Scenario 2: Long duration cover crops
RT 0.08+1.48
Sequestration Rate =
cc 1.0021.75 , , ASOC due to management q
! ! SOC stock Changes 4 (Cr-Csau)/Years
CC+RT LATL : Sng Tl T Scenario O: BAU
-1.76 ! ' 1.76
-10 -5 5 10 >
Decrease | No change Increase Year 2015 Year 2024
BAU 17 6% 77.2% 5.2%
Reduced Tillage 9.3% 78.9% 11.8%
Long CoverCrop |  5.0% 62.3% 32.7% SOC2024 |AC (t-hal) |Sequestration
CC+RT 2.6% 50.1% 47 3%
NENEEE ]
t-hatl-yrt
@ 'BAU  [RTRY) 46.023 -0.39
: 46.68 0.26 0.07 0.11
1000 47.56 1.14 0.15 0.25
CC+RT 48.22 1.80 0.22 0.35
3.8%0+

Carbon source

- Carbon sink
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Conclusion & Policy Relevance

 EO-based datasets enable consistent monitoring of management
practices (cover crop adoption, tillage practices).

* Predicted practices provide robust inputs for large-scale SOC
modelling.

* Management scenarios (RT, CC, RT+CC) built on EO-based maps
improve the reliability of SOC dynamics and mitigation potential
assessments.

 This reproducible and scalable workflow can directly support the CRCF
certification by delivering transparent management data and SOC
stock simulations.
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Thank you!
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