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Breeding cattle brings multi services to society

• Grassland based systems provide services  
Maintain air, soil and water quality : e.g. few pesticides use, soil organic matter storage, soil
biology

Avoid soil erosion in sloppy region

Enhance biodiversity : diverse flora and fauna, low N inputs, no pesticides

Protect water ressources from nitrate leaching and P runoff
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Climate mitigation options often focus 
on green house gases emissions (GHG)

• To decrease carbon emissions per unit product (milk or meat), 
action plans often encourage an intensification of herd
management (e.g. higher daily gain, more milk per cow, 
shorten age at first calving…) to decrease methane.
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More than 50% of GHG emission in French beef farms are CH4

J. Andurand et al, 2021
Innovations Agronomiques 82 
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Accounting for C sequestration in soils is
crucial for farm management strategies

• Intensification of herd management often leads to a conversion of grassland
into fodder crops

• If  grass-based cattle farms are replaced by crop-farming systems, land use 
management change may results in a loss of carbone in soil
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Brittany, ouest of France 
reduction of grassland

area in the last 7 years

% Grassland in AA 
from 2010  to 2017

Réduction is
 More than 20%
 10-20%
 Less than 10%

Increase is
 Less than 10%
 more than 10%
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CAP2ER : both GHG emissions and C 
sequestration are considered

To exchange with farmer, GHG emission reduction are considered
in regards with C sequestration. 

C sequestration is a forfait value linked to cover type ( grass/crops)
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Milk carbon footprint
Carbon Dairy,  3 135 farms 2018 GHG emitted per kilo milk

C sequestration : hedges and soil AA
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INRAE 4p1000 study precised the C 
sequestration potentieal of French grasslands

Analyses show a large variability of  C sequestration
potential, depending on land use-management- climate
and soil conditions => see INRAE- EsCo Pellerin et al. (2020) 
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On average, permanent 
grassland sequester +212 kg 
C/ha/yr , in a 30 years
perspective approach
But there are high variations 
between and within regions

Evolution of SOC stock under permanent grassland,
when ‘business as usual’, Pellerin et al., dec. 2020 

C change kg C/ha/y

Increased SOC

Decreased SOC
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Carsolel project motivation

• Livestock production systems are often located at areas of high soil organic
carbon stock. 

• To increase SOC at low C areas and prevent from losses at high C areas,   
tools are needed for advisers and farmers to evaluate effects of agricultural  
management for livestock production area, including grassland.
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Dairy cattle
Beef cattleSoil organic carbon stock

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030


Carsolel project partners

• Collaboration between 4 INRAE units and Idele to create and 
transfer knowledge on soil C sequestration and modelling
(Carsolel project 2018-2021) 

• Carsolel provides a metamodel to predict C sequestration
on field and farm level : 

The development of the Metamodel is based on the 500 000 
(1km2) simulations by processe based crop and grassland
models over France (4/1000 study ; Pellerin et al., 2020) 

• This projet was funded by ADEME –INTERBEV-CNIEL 
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Metamodel Carsolel : how does it works?

Metamodele Carsolel estimates average yearly soil
organic carbone change in fields
- Over a period of 30 years

- For a given management and soil/climate conditions

- Considering top soil : 0-30 cm
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Metamodele Carsolel uses only data available on farm
and is fast to run:  
- Step 1 : check soil-climatic context

- Step 2 : fill in actual agricultural-management

- Step 3 : discuss with farmer new management, fill in forseen management

- Step 4 :  results « Is the project improving SOC and decreasing GHG? » 
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Step 1 : informations to collect
CARSOLEL 10

Where is the farm located ?
Carsolel considers average rainfall and 
temperature of climate zone. Value can be
adapted by user if needed (e.g. mountain
region) 

https://www.geoportail.gouv.fr

/donnees/carte-des-sols

Soil analysis available on farm?
Fill in Carsolel data file on

• soil depth, gravel content, 

• soil texture, % clay and sand,

• carbonate, pH,  

• Organic matter content
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Step 2 : actual situation
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Fill in actual management for a group of fields on similar soil
type :

Management 

• Number of Grazing periods over a year, 
LSU/Ha

• Number of cut/year, overall yield

• Fertilisation application : organic and mineral. 

• N fixation

Grass-Leys

• Years in crops and in temporary grassland

• Mineral and organic fertilisation

• Frequency of cover crop

• Irrigation (yes/no)

• + information on grass management
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Step 3: Discuss results with farmer
define/simulate new options
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Adapt grass management 
• Decrease grazing stocking load on 

very intensive paddocks close to 
stable

• increase elsewhere by extension 
of pathways and fence

• Graze mown field if possible

If non spreadable area. E.g. 
• In Crop rotation : Increase

frequency of cover crops, insert a 
Fodder-crops as luzerne 

• In Grass-ley rotation :  Increase of 
life time of sown grasslands in the 
rotation

If spreadable area: 
Replace mineral fertiliser 
by manure application 

! ? 
So, many options to 
combine and test at 
farm level to increase
SOC
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Step 4 : Compare options to define best 
management options at farm level

• Carsolel results for a farm located west of France
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Actual management

ba

a- non spreadable field, effect of increasing cover crop
b manure allowed : effect of replacement N min by org. manure

Actual management

Increase grass
duration in ley

Spead manure
instead of N min
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Metamodel Carsolel field test : 
farmers appreciate

Prototype V0 was tested by French 
farmers and advisors in Nefertiti Hub, 
beef carbon and dairy in 2020

=> Refinement in 2021

=> Ready to start in 2022

CARSOLEL – 14

https://nefertiti-h2020.eu

Nefertiti is an EU networking of demo
farmers, ready to test new option
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Reliability of CarSolEl ? 

Carsolel is a statistical approach (randome forest)

based 1km2 simulation with Stics (crop)  and PaSim (grass) model (Pellerin 
et al.,2020)

built using 80% of dataset and validate on the 20% remaining
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Kg C / ha et / an 0-30 cm Soil profile 
(Total)

Permanent grassland (PaSim) 48 68

Ley-arable : annual crop and temporary GL (Stics) 41 78

Only cash crops (Stics) 50 60

Prediction error on the validation dataset :

=
𝑣𝑎𝑙𝑒𝑢𝑟 𝑝𝑟é𝑑𝑖𝑡𝑒 𝑝𝑎𝑟 𝑙𝑒 𝑚é𝑡𝑎𝑚𝑜𝑑è𝑙𝑒 − 𝑣𝑎𝑙𝑒𝑢𝑟 𝑝𝑟é𝑑𝑖𝑡𝑒 𝑝𝑎𝑟 𝑠𝑡𝑖𝑐𝑠 𝑜𝑢 𝑝𝑎𝑠𝑖𝑚 2

𝑛𝑏 𝑑𝑒 𝑑𝑜𝑛𝑛é𝑒𝑠
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Who can use CarSolEl ?

If you want to be informed when an open acces is launch online,

please send an email to project coordinator helene.chambaut@idele.fr
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• the model is built on french pedo-climatic context. 

• It covers most common french soils, nevertheless it can’t be

used on some soils : wet soil, organic soils, recently drained

soil are excluded for instance

• If your soil-climatic conditions do fit into the validated

conditions,  simulations can be achived

Main contributors: 

K.Klumpp AI Graux F.Vertès O.Thérond A.Chabbi L.Brun-Lafleur H.Chambaut
Nefertiti farmers

Carbon agri 
advisors
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Other links: 
to design climate action plans at farm level:  

Idele and partnership activities in France

Have an overall view of farm performance : on climate, 
water quality, air, biodiversity with CAP2ER

Free online access to calculate carbon foot print in beef and 
dairy cattle farm, sheep or goat production
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http://idele.fr/services/outils/cap2er.html
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• Optimise the use of manure on farm : 80 ressources 
classified in 3 issues 
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 Regulation implementation : european and French 
obligations 

 Farm building : how much manure is produced, which
slurry pit is request, digestate composition, …

 Spreading : composition of manure, quantity to be
spread, how and when…  

http://gestion-effluents-dejections.idele.fr

Other links: 
to design climate action plans at farm level:  

Idele and partnership activities in France
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• National study on C sequestration potential of French 
agricultural land  
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https://www.inrae.fr/en/news/storing-4-1000-
carbon-soils-potential-france

Other link: 
to design climate action plan in farm :  

INRAE 4p1000 study

The INRA study first identified the farming and forestry practices 
that favour soil C storage and are compatible with agroecology.

Using agronomic and economic modelling, it was possible to 
simulate the effects of these practices on the evolution of 
storage over a 30-year period. An original methodology was 
deployed, using km² by km² estimates to evaluate the 
additional storage contributed by each new practice compared 
to changes in C storage if no appropriate measures were 
implemented.

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030


How climat change will affect farming systems management if 
no mitigation option was adopted : a way to motivate farmers
for C sequestration and GHG réduction 

20

http://idele.fr/no_cache/recherche/publication/idelesolr/recom
mends/adaptation-au-changement-climatique-et-gestion-des-
aleas-temoignages-deleveurs.html

http://idele.fr/no_cache/recherche/publication/idelesolr/recommends/
how-to-address-mitigation-and-adaptation-to-climate-change-in-the-
dairy-sector-to-improve-its-global.html

Other link :
to design climate action plan in farm :  

Idele and partnership activities in France

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030


• Hedges, agroforestery and wood on farmland to increase C 
seq.in soil : encourage farmers to use woody chips as litter is
a good way to increase C seq. back to agriculture field area  
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http://idele.fr/reseaux-et-
partenariats/aclimel/publication/idelesolr/reco
mmends/bien-utiliser-la-litiere-plaquette-
dans-mon-elevage.html

Other link: 
to design climate action plan in farm :  

Idele and partnership activities in France

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030


Farmers association in carbon credit label
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https://www.france-carbon-agri.fr/

Other link:
to design climate action plan in farm :  

Idele and partnership activities in France

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030


Thank you for your attention
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http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi_p_Py4rncAhUOJBoKHTiuDKEQjRx6BAgBEAU&url=http://gcft.fr/WP/ademe/&psig=AOvVaw1ZjPSRKmxZjSe6uerFDrcR&ust=1532591638073030

