
Unlocking agroecological transition at 

territorial scale with digital twins : 

Illustration with a Belgian case study
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Cropping systems 
& 

Food systems

« In everything there is a 
share of everything »

[Anaxagoras]



Over the course of 

History, people 

across the world 

have developed a 

wide variety of 

food systems
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Nicholson et al., 2019, 10.13140/RG.2.2.32520.06404  
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100 years of “innovation” in 

agriculture have reshaped 

the world :

▪ Motorization 

▪ Mecanization

▪ Chemistry
▪ Fertilizers

▪ Pesticides (crop and 
animal)

▪ Selection
▪ Variety

▪ Breed 

▪ Specialization

… And later on: digitalization
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Area cultivated per worker [ha. pers-1]

Amount of grain  produced per worker [t.pers-1]

1990’s – Over 200cv

1980’s – 60-120cv

1970’s – 40-60cv

1960’s – 20-40cv

1950’s – ~20cv

Hand-work

Light-weight harnessed 

Heavy-weight 
harnessed 

Towed machine

Mazoyer & Roudart, 2002

Moto-Mecanization
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Chemistry x Variety choice

Insecticides and 

growth regulator

Fungicides

Herbicides

Variety choice & 

Synthetic fertilizer

Landrace varieties 
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Variety choice

Figure 1. Trends and growth rates for national yields of staple French crops in the 20th and 21st century. (a)Yield trends, for one-
season and season-aggregated crop species (1900–2016). (b) Yield trends, for spring and winter crop types (1943–2016).
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Variety choice

Breeding is probably 

what prevent yield 

from declining…
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Variety choice

Breeding is probably 

what prevent yield 

from declining…

… but we might have 

too few genetic 

diversity and a co-

dependence of 

selection with inputs 

use
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Virtually, ~50% of the 

Nitrogen in your body 

has gone through the 

process invented +100 

years ago by Fritz 
Haber and Carl Bosch

Chemistry



http://etat.environnement.wallonie.be/home/Infographies/infographie-agriculture.html#:~:text=Les%20pressions%20de%20l'agriculture,rendement%2C%20en%20simplifiant%20les%20pratiques%20(
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Specialization
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Specialization

Schut et al. 2021https://doi.org/10.15302/J-FASE-2020373 - Le Noë et al, 2019 https://doi.org/10.1016/j.scitotenv.2019.01.048

Change in specialized and mixed farm types in selected western and 
eastern EU countries in 2005 and 2016, in western (EU west) and 
eastern Europe (EU east).  Source from Eurostat

https://doi.org/10.15302/J-FASE-2020373
https://doi.org/10.15302/J-FASE-2020373
https://doi.org/10.15302/J-FASE-2020373
https://doi.org/10.15302/J-FASE-2020373
https://doi.org/10.15302/J-FASE-2020373
https://doi.org/10.1016/j.scitotenv.2019.01.048


19

Digitalization

https://www.entraid.com/articles/le-capteur-de-rendement-est-tres-peu-valorise
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Digitalization

https://www.entraid.com/articles/le-capteur-de-rendement-est-tres-peu-valorise

70% unequiped harvester

25% real time visualization

4% post harvest visualization

1% analyse and interpret to adapt managament
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Digitalization

https://eeb.org/wp-content/uploads/2025/10/Biogas-policies-in-the-EU_Levelling-up-or-locking-in_.pdf
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Digitalization

https://eeb.org/wp-content/uploads/2025/10/Biogas-policies-in-the-EU_Levelling-up-or-locking-in_.pdf

“Setting biogas as sustainable without assessing 

its sustainability through a full environmental 

impact assessment risk incentivize a massive 

scale up of plants, which could lead to an 

unsustainable lock-in […]”
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Harchaoui et Chatzimpiros, 2018 https://doi.org/10.1111/jiec.12760

The metabolism of agriculture has completely changed !

https://doi.org/10.1111/jiec.12760


The nap
Vincent van Gogh
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Peter Menzel – What the world eats - https://www.theguardian.com/lifeandstyle/gallery/2013/may/06/hungry-planet-what-world-eats 
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https://www.theguardian.com/lifeandstyle/gallery/2013/may/06/hungry-planet-what-world-eats


Khoury at al., 2014. PNAS
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The diversity of food diets is slowly eroding !

http://www.pnas.org/content/111/11/4001.full.pdf


Khoury at al., 2014. PNAS Colonna et al., 2013 https://doi.org/10.1017/CBO9781139567688
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France

Subsaharian
Africa World

Agro-
industrial 

model

The diversity of food diets is slowly eroding !

http://www.pnas.org/content/111/11/4001.full.pdf
https://doi.org/10.1017/CBO9781139567688
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Time for change ?

« If we’ve been bamboozled
   long enough, we tend to reject
 any evidence of the bamboozle.
We’re no longer interested 
in finding our the truth »

[Carl Sagan – the demon-haunted world] 



Agricultural area are almost at their maximal expansion !

More than ever the narrative keeps to be « improve yield levels ».
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Our plates are not neutral

• Agriculture uses 50% of habitable land, with 
¾ dedicated exclusively to livestock.

• Agriculture and forestry account for 23% of 
anthropogenic greenhouse gas emissions.

• Agriculture is the sector being the largest 
contributor to CH4 and N2O emissions.

• Agriculture is the biggest driver of 
biodiversity loss !

• …
30
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« Yeahh… maybe… but we feed the world ! »

[Some western farmers, probably]



Ricciardi et al. 2018 - https://doi.org/10.1016/j.gfs.2018.05.002 
32

Do we actually feed the world ?? 

➢ +50% of world 

calories are 

produced on 

farm <10ha

➢ Bigger farm 

produce : 
➢ less food 

➢ more feed

➢ more processing 

https://doi.org/10.1016/j.gfs.2018.05.002


Ricciardi et al. 2018 - https://doi.org/10.1016/j.gfs.2018.05.002 
33

Do we actually feed the world ?? 

➢ The diversity of cultivated species tend to be lower on bigger farms (specialization) 

https://doi.org/10.1016/j.gfs.2018.05.002
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Do we actually feed the world ?? 



35

Do we actually feed the world ?? 

© 180°C - Delphine Brunet

For 100 euros spend on food :
➢ ~20 euros for the supermarket

➢ ~15 euros for inputs (fertilizers, pesticides, feed,…)

➢ ~14 euros for imports

➢ ~13 euros for food transformation

➢ ~ 9  euros in taxes

➢ ~ 8  euros for farmers 

https://observatoire-prixmarges.franceagrimer.fr/
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Imbalance between 

production and  local needs ! 

Source : scenagri, 2019



https://ourworldindata.org/agricultural-land-by-global-diets
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Biodiversity

Productivity
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Biodiversity

Productivity

Knowledge 

Vs. 

Capital
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➢ Agroecology is the use of knowledge to bend the curve linking biodiversity to productrion
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Young et al. 2021 https://doi.org/10.1016/j.agee.2021.107551Liebert et al. 2022​ https://doi.org/10.1038/s41477-022-01191-1
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Adapté de : https://www.agroecology-pool.org/wp-content/uploads/2020/06/CRIDHO-2020-ODeSchutter_Share-Agroecology-Belgian.pdf 
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Redesigning 
<Walloon> agriculture

in a nutshell

«We must refocus on
our needs rather than
our desires…»

[Oliver Hamant – Antidote to the cult of performance] 



https://doi.org/10.1016/j.gfs.2019.06.003

• Agriculture is a complex system 

where soil, plants, animals, climate, 

and human activities are 

interconnected.

• Changes in one given element will 

not impact the system the same way 

as another

• Over the past we’ve mainly work on 

efficiencies of specific components

• A holistic perspective should help 

design sustainable solutions by 

considering all interactions.
47
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https://doi.org/10.1038/s44264-025-00092-y 
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We decided to start from the plate…

… We selected diets that :

➔ are healthy

➔ are environmental-friendly

49
https://eatforum.org/eat-lancet-commission/the-planetary-health-diet-and-you/ 
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Healthy diet

Wallonia 
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x

Plant-based 
products
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products

population

Food 
needs

Crop production

Food conversion ratio

Simplification of the food system : 
▪ Conversion coefficient

▪ Loss coefficient

▪ Waste loss rate
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70%

30%
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10%
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2,5%

2,5%
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Leghorn

73%

20%

7%

Sources : BlueSel, 2012 ; Decruyenaere, 2017 ; ITAB, 
2012 ; Vanvinckenroye et al., 2016 ; Wilkinson, 2011  
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https://doi.org/10.1038/s44264-025-00092-y 

Food self-
sufficiency
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What if we go full « Organic » ?

55
Sources : Poux & Aubert, 2018 ;  Ponisio et al., 2015 

Source : Gaudaré et al., 2021
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Food self-
sufficiency
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What if we waste less ?

57
https://aim2flourish.com/innovations/sustainability-gains-by-waste-reduction-process
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Food self-
sufficiency

30% waste 10% waste
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The algorithlm was coupled with MILP approach and adapted to :
➢ Account for return time of each crop

➢ Exclusion of specific crop sequences 

➢ Aligning specificities of agronomic territory with specific crop needs
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The EcoFoodSystem 

experiment 



61

Robustness 
over 

Efficiency

« When a measure becomes a target,
 it ceases to be a good measure»

[Goodhart’s law]



Soil crop modelling
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➔ Ecosystem Services (ESS)

Sets of differential equation reproducing the behavior of Agroecosystems



A modelling framework

64

5 soil layers

7 descriptors per layer

10.206 climatic tiles

+2 millions soils profiles

Historic records (Agri4cast)

Future projections (RCP scenarios)
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Business-as-usual ICLS
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https://www.sciencedirect.com/science/article/pii/S1161030125003715#fig0010



Bringing multi-performance into the game

68
Source : Delandmeter M. - CπG



Transition pathways
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Delandmeter et al., PhD thesis & Science of the total environnement, Under review



Bringing multi-performance into the game

70
Delandmeter et al., 2026 PNAS Nexus Accepted
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Redesigning 
<…………….> agriculture

in a nutshell
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<…..>
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© Ha Tran | Dreamstime.com.



Conclusions
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TAKE HOME MESSAGES



Take home messages

75

▪ Soil-crop model are powerful tools to assess climate change impacts on ESS

▪ Digital tools are efficient means to support the design of future-proof, resilient and 

sustainable CS to guide the agroecological transition

▪ We need to develop robust cropping system – i.e. under-optimal system when 

considering one metric – that are multiperformant

▪ We need to reconsider what really matters, i.e. food-oriented, healthy and 
environnemental friendly cropping system !

▪ ? How can we help CAP and how can CAP help farmers in that direction, to avoid a 

locking of the systems in their current state ?



Thanks for your attention

? QUESTIONS ? 

76
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