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Introduction

Complex system modelling

e Cover multiple domains: sociology, ecosystem management,

e Requires collaboration between different disciplines having not
necessarily same point of view on the objects of the real system

e Necessity to take into account these different points of view for a
better understanding of complex system (CS)
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Modelling complex systems (CS) that cover multiple domains, for their better understanding, increasingly demands collaboration between different disciplines.



The different disciplines have not necessarily the same points of view on the objects of the system. However these points of view may be complementary and require to be taken into account to deal efficiently with the system complexity. �
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Complex system modelling

What is a complex system?

e “a set of entities with non-linear behaviour, interacting with each
other and evolving at least three scales of time and space and (2)
such that the behaviour at the global scale cannot be reduced to the
composition of the local behaviours”. (Miller, 2004)

To deal with the complexity of CS, the representation of a CS requires
(Miller, 2004):

e the need of multi-scale descriptions,

e the multiplicity of view points

e the articulations between the local and global behaviour
e the emergence of the whole organisation
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To deal with the complexity of CS, the representation of a CS requires (Müller, 2004): 



(1) the need of multi-scale descriptions, because it minimally implies the articulation of the level of the components, the level of the whole and the level of the underlying environment;



(2) the multiplicity of view points because the wholes to consider are intrinsically related to the question being asked and therefore give rise to interacting view points (in addition to interacting components!);



(3) the intricacy of whole and component behaviours both by the reciprocal relationship of the global behaviour and the local behaviours and by the relative autonomy of the global behaviour with respect to the local behaviours;



(4) the emergence of the whole organisation because of the non-linearity of the underlying interactions.

�


m modelling (4)

* Questions:

e how to deal with multi-point of view description both at the
global (macro) level and local (micro) level while integrating
environment?

 how to deal with the articulations between the global level
and local level?
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The question is:



 how to deal with multi-point of view description both at the macro and micro levels?, 



 how to deal with the articulations between the macro and micro levels?

�
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Objectives

Proposition of a conceptual framework allowing multi points of view
description of complex systems at micro and macro levels while
integrating the environment

Definition of a methodology and a language

Validation of the proposed framework by a generic model to simulate
and analyse the C dynamics from plot to village level in West-Africa

Savanna.

N
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The objectives of ou study are:



(1) Proposition of a conceptual framework allowing multi points of view description of complex systems at any level. This framework intends to be a language of the knowledge representation for the modelling of complex systems and simulation. This conceptual framework must allow a multi point of view analysis and description of a complex system both at local and global levels while taking into account the integration of environment.



(2) Proposition of a methodology and language to help the designer in different processes of CS modelling.



(3) the validation of the proposed framework toward a proposition of a generic model to simulate and analyse the C dynamics from plot to village level in West-Africa Savanna.�
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Contributions (1)

Organisation-Role-Entity -
Aspect (OREA) model

N

*Based on multi-agent system paradigm
*An extension of Agent-Group-Role (AGR) (Ferber and Gutknecht, 1998)

*Decomposition of CS from different point of view:
*At global level: reification of a point of view as an organisation made of roles
*At local level: decomposition of entities in a set of aspects

*Separation of the organisation behaviour and the entities local behaviour

Integration of the environment objects in organisation

h ©
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Using the OCMAS approach, the Organisation-Role-Entity-Aspect (OREA) model has been proposed. OREA allows the representation of a complex system from different points of view: at the global level a point of view is reified as an organisation made from the roles the entities can play in the organisation, at the local level the points of view decompose an entity in a set of aspects. Through the concept of role, an entity can play different roles in different organizations. Through the concept of aspects, an entity can play a role in different ways. Using the notion of role and aspect, it is possible to separate the organisation behaviour and the entities behaviour from the internal point of view.

�
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Contributions (2)

( D

g Carbon of Territory Multi- N

Agent Simulator
(CaTMAS) model

*Application of the OREA model

*An integrated model for the C dynamics from plot to territory level in
West-African Savanna

*Taking into account the socio-economic and bio-physical dimensions

*Based on the MAS approach and the coupling with the Century model
and a geographical information system (GIS)
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The OREA model has been tested and validated through the analysis, the design and the implementation of a simulation tool: the Carbon Territory Multi-Agents Simulation (CaTMAS) model. The CaTMAS is an integrated model allowing simulating the C dynamics from plot to territory levels while taking into account the socio-economic and bio-physical dimensions in West-African Savanna. The CaTMAS model takes into account the heterogeneity of farming system and the impact of human’s activities on carbon dynamics, providing a perfect test case for OREA. The model has been coupled to the Century model and a geographical information system (GIS).

�
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Multi-Agents Systems

Collective Q

Individuals m‘{‘\““-—-ﬂ m
\ -/
Environment %

Two approaches in specification of
MAS structure:

(1) Agent-Centered Multi-
Agents Systems (ACMAYS)
approach

(2 )Organisation-Centered Multi-
Agents Systems (OCMAS)
approach

Organisation of a MAS model (Bousquet, 2001 ) (Modified)
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Multi-agents system simulation (MAS) is based on the understanding of the global phenomena through the hypothesis defined at individuals and the collective level. 





MAS decompose a system into autonomous agents interacting at different scales of time and space. The agents evolve in an environment that they can perceive and modify through their actions. 





They interact between them and make decisions in order to achieve their goals. From their interactions some properties can emerge at the collective level influencing the agents’ behaviour.



MAS allow to deal with global and local level representation and articulation while taking into account the underlying environment.



Two approaches are currently used for building complex systems with MAS: the Agent-Centered Multi-Agent System (ACMAS) and the Organisation-Centered Multi-Agent System (OCMAS). 



The ACMAS approach is based on the agent-oriented point of view.



"In that view, the designer of a multi-agent system is only concerned with agents' individual actions, and it is supposed that social structures come from patterns of actions that arise as a result of interactions"



OCMAS models assume that the social structure must exist a priori  and constrains the agents behaviour. Unlike ACMAS models, OCMAS models treat MAS as organizations interacting through agents playing roles. OCMAS introduces the notion of organisation, role and agent to represent a system structure. An organisation defines a collection of roles and their relationship. A role defines in part the place of an agent in a system; it is closed to an organisation and can be played by several agents.







�
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Multi-Agents Systems_:_b‘El_\YIAS approach

Three main concepts: organisation, role and agent

Two levels of description: organisation level (macro-level) and agent
level (micro-level)

Makes easy the description of CS for many reasons:
e Heterogeneity of language
e Multiple applications and architectures.

e the security control
¢ The modularity in MAS building

Examples of OCMAS models: AGR (Ferber and Gutknecht, 1998),
GAIA (Wooldrigde et al.,2000), ISLANDER ()

11
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OCMAS models assume that the social structure must exist a priori  and constrains the agents behaviour. Unlike ACMAS models, OCMAS models treat MAS as organizations interacting through agents playing roles. OCMAS introduces the notion of organisation, role and agent to represent a system structure. An organisation defines a collection of roles and their relationship. A role defines in part the place of an agent in a system; it is closed to an organisation and can be played by several agents.�
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Multi-Agents Systems_:_O‘EI_VIAS approach

No explicit representation of the organisation structure: Gaia
(Wooldridge et al.)

Dependency of the organisational structure of the agent structure:
RIO (Hilaire, 2000), MOCA (Amiguet et al.,2003) , Parunak and
O’dell (2002).

The roles as both the organisational status and the behaviour of the
agents

Impossibility to play in different way the same role

No integration of the environment objects in the organisational
structure: AGRE, Mascaret, Parunak and Odell model

» Impossibility to specify the perception of the agents according to the roles
they play in the system.
<

12
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OCMAS models fail with the separation between macro and micro level. Gaia model proposes a meta-model describing a MAS both at the macro and micro levels. But the macro level is not explicitly represented. In addition, the fact the roles are transformed into agents at the design stage makes Gaia an ACMAS model more than an OCMAS model. Based on the concepts of agent, group and role, AGR allows an explicit description of the macro-level and micro levels. But, the implementation of AGR in Madkit does not provide an explicit separation between the macro and micro levels.



However, the extensions of AGR such as Hilaire's proposition, Parunak and Odell proposition and MOCA proposed frameworks to deal with an explicit description of the notion of group and role. The role is defined are recurrent pattern of interactions and behaviour in organisation. These extensions provide more concepts than AGR to make easer the description of MAS. But these models as AGR fail to separate explicitly the macro and micro levels. Roles in Hilaire's proposition and MOCA define both the status and the behaviour of the agents. Then, the roles are both internal and external. 



 To increase the genericity, the reuse of the organisation structure, it is necessary to do not take into account the micro-level in the description of the macro-level. 



The first principle of OCMAS introduces a distinction between the "how" and the "what". It means that the role describes the expected behaviour of an agent within an organisation and not the how it is achieved as long as the function of the role is conserved. The way in which the roles are achieved must be defined at the agent level from the internal point of view..



In these models, a same type of role cannot be played in different ways. 



Another limitation of Hilaire's proposition and MOCA is that the environment is not taken into account. Parunak and Odell proposition, AGRE,and Mascaret attempt to integrate environment with organisation but they fail to take into account the perception of the agents depending on their roles.�
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OREA is an extension of AGR  where: (1) the roles are not limited to agents but to any kind of objects (including the environment), (2) the decomposition does not apply only to the organizations, but also to the entities themselves, (3) the use of the framework for knowledge representation and modelling rather than a pure software engineering paradigm is emphasized. 



 In effect, there is no reason to assume that the decomposition of the behaviour of an agent corresponds to the decomposition of its behaviour in terms of its expected outcomes within an organisation.

�
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The concepts of OREA for the description of CS at the macro level and micro level
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The OREA meta-model is organized along two dimensions: the granularity dimension and the abstraction dimension.



 Along the granularity dimension, we distinguish the system or global level and the entity or local level. At the system level a point of view is described as an organization made of interacting roles the entities can play in the organization; at the local level the points of view decompose an entity internal structure into a set of aspects. Through the concept of aspects, an entity can play a role in different ways.



Along the abstraction dimension, we distinguish between the abstract and the concrete descriptions. The abstract description provides the concepts used to describe a model. The concrete description defines the actual groups, entities and their structures; it represents an instance of the abstract level. 

�
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Meta-model of OREA:_AISE’Ekact level

The description of macro-level with OREA
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Influence Type

UML representation of the OREA meta-model from global

point of view
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The macro-level in OREA is defined without doing assumption on the micro-level. In other words, the macro-level is not interested in the individuals nature. The behaviour description at the macro-level concerns only the protocol descriptions which constrain the entities behaviour within the organisation. 



The macro-level does not describe how the entities behave.



In OREA, we assume that the way in which entities behave and reason about the social organisation is expressed at the micro-level. 
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Meta-model of OREA:_AISE’Ekact level

The description of micro-level with OREA
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UML representation of the OREA meta-model from local point of view
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OREA model

Different ways to play differently the same role type by the entities
An explicit separation between the organisational behaviour from the
local behaviour:
* Roles:
» observable behaviour of entities
« Allows to entities to be in relation and interact between them

e Aspects:

- internal behaviour of entities, represent the entities activities and how
they reason about the social organisation.

» Define how the roles are played

« Implement the autonomy of the entities
Separation between the mind (defined by the aspects) and the body
(defined by the roles)

Coherency of a system both at the global and local level

18
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By specifying in aspects the local behaviour of the entities and how they play roles, OREA allows different entity types to specify differently how the same role will be played.



Additionally, OREA makes possible an explicit separation between the organisational behaviour of entities and their local behaviour. The roles which define the organisational behaviour represent the observable behaviour from the external point of view. They allow entities to be in relation and interact between them. The local behaviour defined by the aspects represent the entities activities and how they reason about the social organisation. The separation between the organisation behaviour and the local behaviour of entities can be viewed as a separation between the mind and the body of the entities.



The separation between the mind and the body allows a modular implementation of a system and preserves the integrity of the system both at the micro and macro levels.�
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Dynamic of entities (1_)_ -

i

» external behaviour:
Interactions between entities
through the roles within the
groups.

sInternal behaviour: defined by
the dynamics of aspects and
their interactions.

*Relations between external
behaviour and local behaviour
through the interactions
between roles and aspects

Separation of the organisational behaviour and the local behaviour of the entities
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An entity has its own dynamics which allows it to achieve tasks and to react to the external events. Its behaviour is divided into external and internal dynamics.



The roles playing depend on the aspects handled by an entity. If an entity handles an aspect, it may play all roles required by this last because the aspect uses the competences of roles for its behaviour. If an entity handles an aspect, this last can be executed only if all required roles are handled by the entity. An entity can leave dynamically its aspects in run-time. For example, if an entity leaves all roles required by an aspect, it leaves also this aspect because this last cannot be executed.�
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Dynamics of entities (2)

Entity 1

Aspect 1

Role 1

Role 2

Group

Entity 2

W

Switc

*ﬁence

Interaction between two entities through their roles
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The roles have been defined as autonomous components and they are external to the entity structure. The roles interact not only with other roles but also with the entities which play them. The interactions of roles arise from the local behaviour of the entities which receive the result of the perception and interactions through the roles. 
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Methodology of OREA (1)

Macro-level

Identification of
scales

Q Identification of Description of the macro-level by
processes

following the OREA methodology

QO Identification of
Q organizations

Identification of roles

Description of
interactions

22
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OREA model proposes a methodology which allows the description of a system both at the macro and micro levels. At the macro-level, the OREA methodology consists first in the identification of the scales of description and the underlying processes. The processes are grouped according to the properties they describe at the global level in order to define the organizations.



The organizations are described through the identification of the role types which compose them, the role types relationships and the protocols descriptions.



�
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_M-e%hﬁa'(’il—bgy of OREKW — e

Macro-level Micro-level

Identification of
scales

Identification of entities

Identification of
competences

Identification of aspects

Identification of roles Descriptions of aspects

dynamics

Description of the micro-level by following the OREA methodology
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OREA model proposes a methodology which allows the description of a system both at the macro and micro levels. At the macro-level, the OREA methodology consists first in the identification of the scales of description and the underlying processes. The processes are grouped according to the properties they describe at the global level in order to define the organizations.





The OREA methodology uses the concepts and stereotypes of the Unified Modelling Language (UML) to describe a model.

�


Application of the OREA model:
Conceptual model of the CaTMAS

model
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Issues of carbon dynamics

m Carbon resources : condition of viability of farming system in sub-
Saharan Africa. It is a:

e Economical good: human consumption, wood, fodder.

* A means of production: control of fertility of tropical soil, maintain animal.

Problem: The carbon is declining in West African savannas (Ker, 1995)

= The carbon controls the global climatic change

> crucial to improve the carbon resource management from local
agroecological and global environmental points of view

*5 25
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In Africa the durability of the systems of production adopted by the small farming community is still based on the management of organic resources, thus of carbon (Ruthenberg 1971; Kowal and Kassam 1978). 



The endogenous organic matter is naturally an economic good (human consumption, wood, fodder). It is also a means of production since it maintains the animals, which provide work and manure, and the organic statute of the soil, which largely controls the fertility of tropical soils. 













Le carbone joue un rôle majeur dans le maintien de la vie à trois échelles :



à l’échelle de l’individu et de l’écosystème, le carbone a des fonctions statiques, mesurables par des stocks, de soutien des êtres vivants et de maintien des propriétés agronomiques des sols. Le carbone joue aussi des rôles dynamiques, mesurables par des flux, à travers le transport de l’énergie ou des nutriments, dans et entre les êtres vivants.



à l’échelle planétaire, le carbone gazeux régule la température de surface de la Terre en participant au forçage radiatif des gaz à effet de serre.



Par cette polyvalence le carbone est une ressource à gérer soigneusement. Pour les agricultures de savane ouest-africaine à faibles intrants, le carbone organique est un bien de consommation (alimentation, chauffage, construction) et un moyen de production (entretien du bétail et de la qualité du sol). L’objectif immédiat du paysan passe donc par une augmentation de la circulation du carbone et un recyclage plus efficace. Mais son intérêt à plus long terme est l’amélioration des stocks de carbone sur son exploitation pour maintenir la capacité du système à produire.

�
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Carbon dynamics, a complex system

Carbon resources : renewable resources

Their management involves to apprehend the interactions between
biological and social dynamics

The understanding of carbon dynamics requires considering five major
factors: biological, social, physical, economical factors.

> The analysis of carbon dynamics a multidisciplinary issue

Carbon dynamics, a multilevel system: Plot, farm and territory levels

26
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The understanding of the dynamics of carbon requires considering the biological, social, physical, economic and political factors. 



Then, the analysis of the C dynamics requires a multidisciplinary approach.





Carbon dynamics occur at three specific spatio-functional levels of description: the plot, the farm and the village levels.

















Le carbone joue un rôle majeur dans le maintien de la vie à trois échelles :



à l’échelle de l’individu et de l’écosystème, le carbone a des fonctions statiques, mesurables par des stocks, de soutien des êtres vivants et de maintien des propriétés agronomiques des sols. Le carbone joue aussi des rôles dynamiques, mesurables par des flux, à travers le transport de l’énergie ou des nutriments, dans et entre les êtres vivants.



à l’échelle planétaire, le carbone gazeux régule la température de surface de la Terre en participant au forçage radiatif des gaz à effet de serre.



Par cette polyvalence le carbone est une ressource à gérer soigneusement. Pour les agricultures de savane ouest-africaine à faibles intrants, le carbone organique est un bien de consommation (alimentation, chauffage, construction) et un moyen de production (entretien du bétail et de la qualité du sol). L’objectif immédiat du paysan passe donc par une augmentation de la circulation du carbone et un recyclage plus efficace. Mais son intérêt à plus long terme est l’amélioration des stocks de carbone sur son exploitation pour maintenir la capacité du système à produire.

�
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rbon dynamics, a complex system

* Carbon dynamics at the plot level
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Two major pools of the C cycle in the WAS: tree biomass, and soil organic matter

Three management schemes examined as major sequestration options : 

Soil fertilization:

increases

the SOC pool through

increased inputs from crop residues

better humification

the harvest outflow

requires a manure-mediated C inflow

No-tillage increases

The SOC pool through

Decreased erosion and leaching

and possibly harvest outflow

Agroforestry:

increases

the tree biomass (both above- and below-ground)

and possibly the SOC pool

improves woody & non-woody product outflows

These schemes are proposals from the North inspired by traditional practices and traditional and scientific agroecological knowledge

�
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At the farm level, rules for the individual management of C resources used to satisfy farm needs are defined and applied.  The household aims at securing food and cash needs by managing production. Household decisions and success are driven by several constraints: money, labour power and other means of production. A household is characterized by its population size, labour power, land area, herd composition, strategies of OM management within cropping systems and the production of staple and cash food products. A farm has two main activities: crop production and animal production. Animals account for large OM transfer through ingestion, excretion, and their management (displacement, feeding regime, performances) is determined at the farm level. The farmers take into account the time in their decision-making. Some activities are daily (e.g. the animals management), other are monthly (e.g. crop management depends on the season and months), or yearly (e.g. crop rotation).�
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At the village level, interactions occur for transactions of land, manure, labour and for collective rules regarding land use.



Carbon dynamics of a village territory is complex.



 It involves interactions at several scales of time (day, month, season, year) and space (plot, farm, village territory and beyond). 



These interactions occur between 

actors in the system : The interactions take place at the moment  of loan and transfer of the plot, the contract of manure, etc. 

the actors interact between them through institutions (formal or abstract) such as the market 

and between actors and their environment. 



The environment drives the human activities: such as agricultural practices or breeding. 



Environmental conditions are subjected to complex external factors: climate change, global socio-economic context, etc. 



Through their activities human societies contribute to the transformation of the environment. In turn environment modifies the behaviour of human beings to adapt to the new conditions, and so on. 



To understand such a complex system, tools simulating the state of the future environment and human behaviours along plausible scenarios are needed.



Then, computer modelling is a better experimental tool to analyse the C cycle. 

�
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Medelling carbon dyn“mics using OREA

The identification of the scales and processes

»plant production

Farm morganic matter production
Plant "organic matter exchange
=water exchange
e morganic matter decomposition

biomass

aland-use change rules
sfertility management

The processes at plot scale
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Through the C dynamics description, seven scales have been identified (Table 1). The C dynamics at village territory scale is characterized by many entities interacting at several scales. From the spatial point of view, the C dynamics analysis requires to take into account three spatial scales: plot, farm and village territory. The plot allows tackling how the components interact to produce organic matter and the influence of the organic matter on the soil quality. The farm level allows tackling the impact of the farmers’ decision making (land-use change rules, the fertility management) on organic matter production. To finish the village territory level allows to analysis the viability of farming systems and the interactions between stakeholders for the organic management, the labour force and lands exchange.
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Modelling carbon dyﬁgm(jsmg OREA

The identification of the scales and processes

Farm

Village level

"organic matter market

s]labour force exchange, land exchange
(plot allocation, purchase, hiring)
»climate change

mglobal economy change
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Modelling carbon dynamics using OREA

The identification of the scales and processes

»economy of households
manimals production
*cropping system _ Social scales

Family

»pasture dynamics
"[ngestion
"Excretion

Herd

=cycle of production (ageing, birth,

Animal death, growing, selling, purchase)

Person @ mageing, birth, death, migration
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At the farm level, the decision-making is collective, concerns the whole family and influences the individuals. The individuals provide labour force according to their age, consume the production and participates to the family dynamics (birth, mortality, etc.). From the social point of view, we retain two scales of description: (1) the family scale concerns the economy of the households, the decision-making, the crop and animal production, migration and (2) the person scale concerns the individual dynamics through birth, ageing, migration, etc. 



Two scales define the place of the animals in C dynamics: the herd and animal scales.
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Modelling carbon dynamlcs using OREA
Identification of organisations

»plant production

»]land-use change rules Crop
=fertility management production
"cropping system

»Pastoral dynamics

=Excretion
manimal cycle of production (ageing,
birth, death, growing, selling)
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*Goods exchange
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Description of organisations

Description of the animal and plant
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Description of organisations
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Family

Identification of entities
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The identification of the entities
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Roles of the entities
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Description of the entities from internal and external
point of view
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Présentateur�
Commentaires de présentation�
The human activities are represented through the Family behaviour. The Family behaviour is characterized by its decision rules for crop and animal production, energy use and the economic behaviour. It resumes the main factors to take into account in our study: social, economic and biological factors. To represent how the Family behaves, the following aspects have been identified:�


Implementation of the CaTMAS model
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Dynamics of the CaTMAS model
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The CaTMAS has been implemented in order to include the interactions between the demographic dynamics, the land-use change, the pastoral dynamics and the bio-physical processes�
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Amnt’e”g?atedmodelfmgW|th Century and GIS

Socio-economic and pastoral dynamics
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Coupling CaTMAS with the Century model and GIS
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The model is composed of two modules: the MAS model which simulates the entities dynamics, and the Century model which simulates the soil and plant C budget of each plot. 





The Century model  - a process-based model analysing and predicting C dynamics in an ecosystem - is a well-known C model. It takes into account the effect of biophysical factors, crop management and grazing on physical and chemical (including SOC) properties of soil. Century contains six submodels.



The Century model can simulate the grassland, agriculture, forest and savannah ecosystems.

�


Experimentations

Case study based on a virtual village

Comparison of two contrasted cropping system and the impact of the
climate change on the C dynamics




Experimentations: simulated cropping systems

Semi-continuous system (SCS)

1 2 3 4 5

Continuous system (CS)

1 2 3 4 5 6
s | coon | aize [ sorghum [ sorghum | S




Experimentations: Three climate scenarios

C,: the present precipitation and temperature.

C,:isa15 C increase in mean monthly temperature and
a 25 mm decline in annual precipitation

C,.:isa3 Cincrease in mean monthly temperature and a
5o mm decline in annual precipitation







L ]

Results: Tmpact of population on land-use change

Area (ha)
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Simulated land-use change in scenario C,
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The population growth impacts considerably the land-use. When, the population grows, the forest decreases. In the same period the cultivated land increases. 



The fallowing increases during the 10 first years and decreases after while the forest decreases and the cultivated land increase.



�
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Results: Impact of poﬁalaéﬁﬁah on land-use chﬁ?ge

Area cropped per
individual
(ha ind)
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-3 GO
—0—C+
—h— C++

»Increase of the cultivated area with
the low crop yields.
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We observe that the land cultivated per capital in C3 is higher than in C2 and C1. But this trend is visible almost 30 years of simulation only. But, the population growth is low in C3 than in C1 and C2



Explains:



The high-level of the cultivated land per person in C3 could be a consequence of low grain yield, pushing the farmers to increase the area cultivated to meet their needs. The Century model computes the grain production according to the biomass production which depends on temperature and rainfall. In CaTMAS, farmers take into account the previous crops yields to define their cropping plan. When the crop yield decreases, the farmers increase the cultivated land the year after. Then, in C1 scenario where the crop production is the highest, the cultivated land is the lowest and the SOC the highest in comparison to the SOC in C2 and C3 scenarios. 





�
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Results: Impact of climate cha nge on C sequéétration

SOC density

(tC ha-1)
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Higher SOC density in SCS
systems than in CS

Important impact of climate
change on the C
sequestration

Vulnerability of the SCS
to the climate change

SOC density in SCS and SC in the scenarios C1, C2 and C3
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In C0, After 35 years of simulation, the SOC density falls by 3% in SCS and 29% in CS.



In C+, the decrease is 10% in SCS and 33% in CS.



In C++, the SOC density in SCS and CS falls by 17 and 36% respectively.





Then, the crop intensity in CS system is higher than in SCS system. The higher storage in SCS could be due to the fact that the fertility management is based on organic matter and the fallowing length is higher than in CS. Not using the organic fertilizer, the SOC reduction in CS is very important. �
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Results: Impact of cIimz;’Eé‘E_Hénge on pastoral d?namics
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Conclusion and perspectives

OREA model

e separation between macro-level and micro-level
e Guarantying the coherence from the local and global point of view

e Representation of environment
Perspectives:

e the hierarchical representation
e Relations micro to macro and macro to micro
 the role dependencies and incompatibilities




Conclusion and perspectives

CatMAS model

« Provides a realistic representation of the C dynamics

« Simulates the relationships between population and resources
based on Malthus approach

» Takes into account the C production, storage and
transformation

« Applicable to different cases study

Perspectives:
 Application of the model at a large scale (region, country)
- taking into account the economic returns of the C sequestration.
- Implementation of user interface

« Simulation of a real system
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Results: Impact of climate on pastoral activities

Mean daily
length of herd
trajectory
(km d-1)

12 High pastural length in C++

»Decrease in the biomass
production .

»Increase in the cultivated
area

Evolution of pastoral length under two climate scenarios: CO and C++

PhD defense Mahamadou BELEM



Land occupation
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Spatial distribution of SOC
35




Eiih_ . Spatial heterogeneity
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Spatial analysis of the cropping system and climate impacts on C sequestration

%



e LG S —?F#fﬂf;,ﬁﬁﬁﬁﬁﬁf“
Results: impacts of climate change on cash income
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