Assessing the feasibility
of soil organic carbon stock
Increase in Europe with a
multi-modelling ensemble

21.10.2021
Young Soil Researches Forum

d’AR, a 4

R \Z/= Cland JoroParisTech @






The 4 per 1000 initiative

+4.3
BN TONS CARBON / YEAR

tt C02 ¢4

www.4p1000.0org



Increasing soil organic carbon stocks

Increase
C inputs

Decrease
C outputs




ESTIMATE THE

REQUIRED TO
INCREASE SOC STOCKS
BY 4 PER 1000 h






Century

Biogeosciences, 18, 3981-4004, 2021
https://doi.org/10.5194/bg-18-3981-2021

© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Additional carbon inputs to reach a 4 per 1000 objective in Europe:
feasibility and projected impacts of climate change based on
Century simulations of long-term arable experiments

Elisa Bruni', Bertrand Guenet'?, Yuanyuan Huangz, Hugues Clivot*?, Iiiigo Virto®, Roberta Farina’,
Thomas Kiitterer®, Philippe Ciais', Manuel Martin®, and Claire Chenu'®



Century

Biogeosciences, 18, 3981-4004, 2021
hitps://doi.org/10.5194/bg-18-3981-2021

© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Additional carbon inputs to reach a 4 per 1000 objective in Europe:
feasibility and projected impacts of climate change based on
Century simulations of long-term arable experiments

Elisa Bruni', Bertrand Guenet'?, Yuanyuan Huangz, Hugues Clivot*?, Iiiigo Virto®, Roberta Farina’,
Thomas Kiitterer®, Philippe Ciais', Manuel Martin®, and Claire Chenu'®

Multi-modelling

Century
Roth-C
|ICBM
AMG
MIMICS
Millennial



17 long-term
agricultural
experiments

4 -46 exogenous

e U Organic matter

treatments

SOC stocks
measured at
several dates

60°N |

® Crécom 3 PRO

Le Rhet"1-2
Champ Noél 3

Avrillé

°
La Jailliere 2 PRO

Feucherolles
°

Jeu-les-Bois

Miincheberg

L]
Ritzlhof

AT

L

60°N



TN/

l

Pedo-climatic
1 variables

Forward simulations

[SOC STOCKS]




VAL

l

Pedo-climatic
variables

2

Calibration of
models parameters

[SOC STOCKS]




.
llllllll

Pedo-climatic
variables

Inverse modelling

LSOC STOCKS







Validation




140

120+

Predicted SOC (MgC ha~1)

N
o

o

The calibrated ensemble fits SOC stocks

(a) Non calibrated

100

(0]
o

(o))
o

o
o

R? =0.18

20 40 60 80 100 120
Observed SOC (MgC ha™?!)

140

Predicted SOC (MgC ha~1)

(b) Calibrated

140

=

N

o
L

100+

(0]
o
|

o))
o
|

H
o

204

e Century
ROTHC
ICBM
AMG
Millennial
MIMICS
MMM

¢ + m »

20 40 60 80 100 120 140
Observed SOC (MgC ha™?!)



Simulated

additional C °
Input to reach
the 4 per 1000
In line with
EOM

51 y = 0.56*x + 1.79

R2 = 0.54

Additional carbon inputs (MgC ha~! year™!
w

1 ° . ° ° —e— EOM treatments =+ Cl
Calibrated MMM = ClI
—<— Non-calibrated MMM =+ ClI

-2 -1 0 1 2 3 4
SOC increase (%)



Reaching the
4 per 1000
objective




Additional carbon input to reach the 4p1000
MgC ha~! year™?!

Model version

B Non-calibrated
[ Calibrated
SD

aﬂ'iid

AMG Century ICBM Mlllennlal MIMICS Roth C Medlan
Models




Additional carbon input to reach the 4p1000

aﬂ'iid

Model version

B Non-calibrated
[ Calibrated
SD

entu ry

ICBM

Mlllennlal
Models

MIMICS

Roth C Medlan

Higher variability
across sites
when models
are calibrated



Additional carbon input to reach the 4p1000

Model version

B Non-calibrated
[ Calibrated
SD

aﬂ'ii&

High variability
among the

— different models
In both

configurations

entu ry

ICBM

Mlllennlal
Models

MIMICS

Roth C Medlan



Additional carbon input to reach the 4p1000
MgC ha~?! year™?!

aﬂ'ii

Model version

B Non-calibrated
[ Calibrated
SD

AMG

Centu ry

ICBM

Mlllennlal
Models

MIMICS

Roth C Median




< m o —
—deahk . _ey Db
000Td{ aya 01 sindul uogJed |euonippy

median



Additional carbon inputs to the 4p1000

1
median

Average C input
in EOM
treatments:

2.1+1.1

And what
about the
EOM
treatments?



Additional carbon inputs to the 4p1000

1
median

Average C input
in EOM

treatments:

And what
about the
EOM
treatments?



Conclusion

* Increasing SOC stocks seems feasible
under some experimental conditions



Conclusion

Increasing SOC stocks seems feasible
under some experimental conditions

Hard to achieve at a large scale since
high levels of C input must be employed



Conclusion

Increasing SOC stocks seems feasible
under some experimental conditions

Hard to achieve at a large scale since
high levels of C input must be employed

The calibration improved the simulation of
SOC stocks



Conclusion

Increasing SOC stocks seems feasible
under some experimental conditions

Hard to achieve at a large scale since
high levels of C input must be employed

The calibration improved the simulation of
SOC stocks

High variability among different models



THANK YOU

elisa.bruni@lsce.ipsl.fr



