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The challenge
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Figure 1

Oström 2009

How a territory functions results from its management arrangements (stakeholder practices x 
governance x policies), which shape emergent processes and properties

Cumming et al. 2013; Parrott and Meyer 2012 ; Parrott 2011 ; Wu 2013

Territory : 
social-(agro-)ecological system (SES)

http://www.sciencemag.org/content/vol325/issue5939/images/large/325_419_F1.jpeg


The challenge
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Planning the development of a sustainable bioeconomy :

Production depends on soil and climate conditions, water 
resources, farming practices, value chains and infrastructure

→ accounting for the diversity of production, processing, 
use and recycling situations

Can vary widely across seasons and years

→ dynamic simulation to assess the resilience and viability 
of infrastructure

Strongly determine environmental, social and economic 
performance: water flows, nutrient cycles, pesticides, GHG 
emissions, biodiversity, margins, labor, jobs

→ systemic approach and multi-criteria assessment



Landscape design and planning
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Landscape design/planning and management  : 

Designing spatio-temporal configurations of 
activities to meet natural-resource and socio-
economic objectives

Territory design : “a social–ecological system 
comprising a dynamic mosaic of land uses”

In-situ experimentation is difficult → modeling tools 
are key to design and evaluate the structure and 
functioning of sustainable SES

Nassauer and Opdam 2008 ; Cumming et al. 2013 ; Parrott and Meyer 2012 ; Parrott 2011

Sayer et al. 2013 ; Schouten et al. 2012 ; Wu 2013 ; 

Design

Simulate & evaluate

Sustainable, resilient SES

In situ experimentation is hard: models support 
the whole loop



Integrated assessment and modeling

Models are a way to combine 
generic and local knowledge 

to support the design, 
exploration, and evaluation 

of SES

Hamilton et al. 2015

10 “dimensions of integration” in IAM



Towards an integrated assessment platform
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Modelling challenges

① To represent the heterogeneity of the agricultural
systems at the regional level

② To simulate their spatial dynamics, taking into account
the interactions between the agricultural systems (AS),
natural resources (NR) and value-chains and feedback
loops (e.g. from NR on AS)

③ To assess environmental and socio-economic
indicators and agricultural system’s resilience and
vulnerability to external changes



The MAELIA platform: a unique simulator 

11

Date

Field ‒ Farm ‒ Chain - Territory
Daily time step simulation at plot scale, decision rules 

Integrated and systemic multi-thematic approach 
Water, carbon, biodiversity, economy, air pollution, employment

• A single platform for 35 
environmental and socio-

economic indicators

• Construction and simulation 
of multifactorial scenarios

• Futur climates and local 
resources

Continuous development since 2010, free license
Modeling of fields, farms, chains and landscapes

Recognized, validated, and proven scientific models
13 years of research, 21 studies, 33 publications
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From field to farm systems: how MAELIA extends crop modeling

• Workload
• Profitability
• Machinery

Farm infrastructure

Organic 
ressources…

Farm network

Farm 
exchanges 
(manure, 
straw..)

Hydrological 
module can be 
activated or not

Irrigation 
material



13

The MAELIA platform: multi-agents model

High resolution GIS
→ System’s structure

Multi-agents system

Modular model chain
-> System’s dynamics

Evaluation
Sustainability 
& Résilience

Decision-making processes: Farmer, ressource manager, 
governance 

Biophysical processes: crop, grassland, 
hydrology... models

Scenarios comparison

Temporal trends and variability

Multiscale spatial heterogeneity

Decision Support System for integrated assessment of scenarios of a large range of changes
Spatial extents: a farm, group of farms, small (10-100 km2) or big (n x 1000 km2) territories
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MAELIA simulates spatio-temporal heterogeneity on a territory 

➔ Each plot has its own dynamics depending on its characteristics and those of the farm.
➔ Specific effects of cropping systems on water, nitrogen and carbon cycles, as well as on biomass flows.



MAELIA outputs: a large range of indicators
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Yields

Field
GHG

Irrigation 
restrictions

BiodiversitySoil N 
supply

Erosion

Margins

Evaporation

Groundwater 
volumes

Nitrogen
 stresses

Runoff

Streamflow

Drainage

Reservoir 
filling

Dam 
releases

Energy 
produced

GHG 
transport

Carbon 
sequestration

NH3 
emissions

Work loadNitrates

Pesticides

Sol quality

Biological 
regulation

Pollination

Water 
management

Socioeconomic

Ecosystems services of 
abiotic regulation and 
support

Environnemental impact

Ecosystems services of 
biological regulation

Temperature
stresses

Water
 stresse

Abiotic 
stresses
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MAELIA input data
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Climate × soil × crop rotation × management…

For hydrological module : water ressources...

For biochain module : plant characteristics…

Spatio-temporal heterogeneity

Several componenents interacting… …A large diversity of situations

Approach 
suitable for 
various 
cropping 
systems

Climate
Crop practices
Crop rotations
LPIS
Soil
Hydrography
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MAELIA simulates a large number of crops
Annual crops
Maize (6 varieties depending on maturity)
Silage maize
Maize seed
Sunflower
Soft wheat
Oats
Spelt
Durum wheat
Winter barley
Spring barley
Rapeseed
Sorghum
Triticale
Silage cereals

Grain légumes
Soya
Winter peas
Spring peas
Field beans
Open-field 

Vegetables
Beetroot
Potatoes

Intermediate crops
Short-season brassicas
Long-season brassicas
Vetch
Italian ryegrass
Sorghum
Field beans

Perennial crops
Orchards
Vineyards

Grassland
Alfalfa
Cocksfoot
Tall fescue
Italian ryegrass
English ryegrass
Red clover
White clover
4 types of permanent grassland according to functional 
types of grasses (A, B, b, C, D)

+ongoing calibration of 
new crops
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• Soil-plant: AqYield for field crops ; HerbSim for grassland ; YieldSAFE for 
agroforestery

• Hydrology: SWAT or GR5J
• Biodiversity: I-Bio
• Weeds: DecyFlorSys
• Biomass sector: BioChains
• Biorefinery: SYSMETHA , ….
• ….

A combination of sound and robust models
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Representation of crop management strategies in the form of IF-THEN rules.

Spatial and temporal positioning of technical operations as a function of past and future 
climate, soil condition, plant phenology, water resources, etc.

Crop management strategy

Representation of the operations of the farm:
-Work and equipment availability constraints -> available days for operation
-Priority between technical operations and resources (water, PRO)
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Crop management model: spatial allocation of strategies 

25-26 octobre 2016

Geomatics processing

Spatialisation of crop 
management strategies 
(plot)

➔ MAELIA implementation: integrating data and knowledge(Murgue et al. 2016)

Zoning as defined by 
stakeholders

Soil-landscape zones and 
production systems that are 
homogeneous in terms of 
cropping systems

Surveys conducted on-
site or among experts

Description of decision-
making rules and their 
allocation criteria 

Actor’s zoning Spatialised driving strategies



MAELIA allows to test transition scenarios in the context of 
climate or market change
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Climatic scenario Cropping/grassland scenarios Comparative analysis

yield

water 
use

nitrates

biodiversity

working time

GES

Transition scenario

Reference scenario
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Taking MAELIA out of the lab
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MAELIA was built as a research platform — powerful, but demanding to use.

Putting it in the hands of territorial stakeholders is both an opportunity and a challenge:

• Opportunity: bring dynamic, multi-scale modeling into real decision-making and stakeholder 

dialogue

• Challenge: translate scientific complexity into accessible, actionable insights

         build and share the capacities needed to use and interpret these approaches



MAELAB at a glance

A consulting and research office founded in 2021 in 
Colmar (Grand Est, France)

Our mission :

To support stakeholders involved in the agroecological and 
bioeconomic transition of territories

in designing and evaluating change scenarios aligned with 
local and global objectives,

using scientifically grounded digital tools.
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A multidisciplinary team with complementary expertise

Marine Belorgey

Geomatics engineer

Floriane Colas

PhD in Agricultural Science

Sébastien Bodin

Geomatics Engineer

Oliver Therond

Research Engineer at 
INRAE

Renaud Misslin

President of MAELAB ,
PhD in geography

25

Caroline Flisiak

Agricultural engineer

Audrey Etienne

PhD in the modelling of 
agricultural systems

Laurène Casal

PhD in Environmental 
Science

Florian Hug-Fouché

Agricultural engineer



MAELAB services 
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• Integrated impact assessments of agriculture, 
bioeconomy and water management related 
projects

• Assessment of sustainability and resilience 
from field to regional scales

• Climate change foresight studies

Most of our activities relie on the MAELIA platform
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MAELAB’s operational framework

Monitoring, 
adaptative 

management

Identification of the 
study area, relevant 
stakeholders and 
key issues

Co-design of transition 
scenarios to be 

simulated with MAELIA

Simulation outputs 
expressed as a set of 
quantitative 
indicators with 
MAELIA

Establishment of a 
shared baseline 
(reference situation)

Collection, integration 
and validation of data 

in collaboration with 
local experts

Comparative analysis 
and synthesis of 

scenarios outcomes

Recommendations and 
advice to support 
decision-making

DIAGNOSE SCENARIZE EVALUATE GUIDE
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Interfaces for quickly comparing scenarios
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Interfaces designed to make MAELIA easier to use (no-code)
Customised scenario creation and remote simulation launch, automated report generation and AI analysis to take things 
further

Territory or farm level assessment
Spatialised data, multi-criteria analysis (economic, social and environmental), comparison of a baseline scenario vs. 
adaptation scenarios, exploration of the combined or separate effects of different levers

Decision-making tool
Interfaces that can be manipulated in real time and collaboratively as a tool to support discussion

Modular, integrated solutions tailored to specific needs: themes, scales, sectors, target audiences, etc. 

Territory Farm 
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The main challenges that we face…

Immature market

• Potential customers have not yet 
fully realized the need that this 
innovation addresses

• Need to educate : raising 
awareness of solutions

MAELAB training 
courses

Marketing strategy From prospective to action plan

• Key communication challenges
• Structuring the offering

“off-the-shelf products”

• Prospective analysis is not the 
end

• Define a strategy and an action 
plan to achieve the chosen 
scenario

Monitoring & adaptive 
management



Proven expertise across a range of contexts
Clients – funders

Geographical distribution of projects carried out

Partners – networks

30

MAELAB study sites

Research projects

TRANSFORM
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Conclusion and perspectives

Integrated modeling can support agroecological and bioeconomic transitions — but only if shared and 

appropriated by territorial stakeholders.

A network of 
actors

Sharing 
experience

Ambassadors 
in their own 
territories

Territorial actors who 
have led this approach

A space to compare 
methods and lessons 
learned

Peer testimonials carry 
more weight than 
researchers alone
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Thank you for your attention
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