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Land cover change and forest fire risk change

• Forest fire risk results from the interaction between tw o
kinds of spatial dynamics: fuel objects and vulnerabl e
objects
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Themes integration
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Scale integration

Interface 
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Micro-local dynamics

• Dynamic of interfaces 
and
• Risk associated with interfaces zones 

depends on spatial relationships between fuel and vulnerable
« elementary » geographical objects at micro-local scale
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Integrated approaches versus models integration

• Integrated approaches:
• one global unique (big) model (multi-disciplinary pr oject)
• either very complex or very aggregated (no thematic proce sses

representation)
• who designs the model ?
• Knowlege evolution

• Models integration:
• Re-use of existing models
• Models are effective within their respective disciplin e
• They are often not design for the integration purpose
• How to make them semantically and syntaxically inter-op erable ?
• who design the model for models integration ?

• MODELS EVOLUTION
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Planing decision support

• Decision level
(Antony 66)

• Decision loop (Simon 83)
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II – Initial models to be integrated
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Initial models to be integrated

• They are developped by domain-experts (« thematicians »)  

• These are very often already « integrated models », with se veral
« atomic models ».

• They are usually spatially explicit, admitting as input  and producing
as output semantic GIS layers (« like »)

For dynamics models

• They are implemented as simulators software. We don’t ha ve access
to internal stucture of the models or simulators (re-us e of existing)

• They have a known explicit time step. The simulator a dimits the 
simulation duration as control parameter (number of st eps, real time 
duration, etc.).



10 LandMOD2010, 3-5th  february 2010, Montpellier, Fran ce

Ecosystems spatial dynamics (fuel)

• At macro-local scale => spatial relationships between macro-
entities (stand, forest, landscape entites of Landscape ecology… )

– Usually « more aggregated » approaches
– Examples : Sierra (Mouillot 01), LANDIS II (Scheller & al. 06)

• At micro-local scale => individual functions (reproduction – seeds
spreading, growth, etc.)

– Often individual based approaches (Grimm 99)

– Examples : CAPSIS (de Coligny 06), AFFORSIM (Prevosto & al. 03)
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Example Afforsim (Prevosto & al. 03)



12 LandMOD2010, 3-5th  february 2010, Montpellier, Fran ce

Discontinuous discontinuous urban areas spatial dynami c

• Geographical models (sometimes not implemented)

• Generaly cellular automata (Batty 00)

• Wide diversity of represented under processes (purely spatial, 
economical, regulation policies, etc.)

• Example : CLUE (Veldkamp 01)

• Generalist (Usually not specialised)

=> Two specifical models were developed specialised in 
periurban development processes at local scale
– At macro-local scale : MACROPOLIS (cellular automata on raster GIS)
– At micro-local scale : MICROPOLIS (spatially explicit MABS).
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Example : MICROPOLIS (MABS)
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MACROPOLIS: cellular automaton on raster GIS
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Risks models
• Spatial static (cartographic)

• Difficult to validate

• Typology :

– Analytical attribute (index based approaches)
• risk i = f(vegetationType i, slope i, aspect i, etc.)
• intensity model (Byram formula )

» P = M x Q x V (wind speed)

– Aggregated spatial approach (« global approach »)
• risk i assessed by a class of: 

– aggregation i, | diversity i, | �Û�Û�Û�Û j  distance(j,i), | �Û�Û�Û�Ûj interfaceLength(j,i) | etc.

– Spatial analytic approach (« point to point (industrial) »)
• RSk = �L�L�L�L i ( ei * p ik)
RSk risk in k ; e i : ignition proba in i ; p ik : propagation proba from i to k

– Multi-simulation approach, statistical analysis of mu lti-simulation results
(« operationnal approach »)
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III – The conceptal framework: models for 
models integration
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General conceptual framework
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A framework to specify models for models integration

• Semantic integration only: making different models
semantically interoperable

• The framwork is based on the three views of the Peuquet 
triad (Peuquet 94) : the spatial view, the temporal view and the semant ic
view

• Designed to specify the result of a spatial interaction between
entities produced by models to be integrated
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Views of the specification framework
• The semantic view

• The spatial view

a1SM1 ^MI b2SM2 -> naISMI

Integration

y

x

y

x

y

x

M1 model M2 model MI integrated model

sM1 = {a1, b1, c1, na1} sM2 = {a2, b2, c2, na2} sMI= {aI, bI, cI, naI}

Integration

y

x

y

x

model M1 model M2 MI integrated model

e1:C1

e2:C2 ei:CI

SR(dse1, dse2) -> ei , dsei =  dse1 U dse2

(1) grassLand M̂IEco continuousUrban -> notActiveEco
grassLand M̂IEco discontinuousUrban - > grassLand

grassLand M̂IEco wildLand -> grassLand
grassLand M̂IEco notActiveUrb -> grassLand

bushyLand M̂IEco continuousUrban -> notActiveEco
bushyLand M̂IEco discontinuousUrban - > notActiveEco

.
..

MIEco



20 LandMOD2010, 3-5th  february 2010, Montpellier, Fran ce

The specification framework views (2)
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Views on scale integration (aggregation processes)

• Semantic view (classes aggregation)

Aggregation

• Spatial view (outline drawing)

• Temporal view ("events aggregation")
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IV – Operational integration
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Simulators interoperability

• Data and messages exchanges between simulators

• Synchronisation

• Architecture and syntax interoperability

� An Integration Multi-agents based systems (Serment 07)

� A centralised coordination MABS surrounded by softwar e modules 
(simulator but also GIS and other modules) (HLA like a rchitecture)

� Simulators (and others modules) are wrapped into wrapper-agents

� Models for models integration (as well as static risk mod els) 
implemented and executed on GIS
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HLA like wrappers based agents architecture 
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Thematic integration sequence (message exchange)
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Scale integration
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Messages and data flows
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IV – Implementation and Validation
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Implementation and validation

• Validation prototype (performance, results consisten ce, system reliability)

• MAS Implementation on Tilab JADE java API. Distribute d multi-environments
architecture

• GIS GRASS and ESRI ArcInfo

• Used models : Landis II, Afforsim, MacroPolis, MicroPo lis, TopoVecteur, 
ContexteRaster

Confidence (« fidelity » , results reliability)

• Depending on initial models validation themselves

• « Ex-post » validation based on diachronic cartography ex perimentation

• Problems for risk models validation

• First trial on the « Communauté du Pays d’Aix (France , 33 communes) » and to come 
sampled diachronic cartography job on the European Medi terranean area (FUME 
project)

=> a long term work
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The Pyroxene distributed platform
(Tilab JADE3.4.1, Java1.6, Linux environment)



31 LandMOD2010, 3-5th  february 2010, Montpellier, Fran ce

Selection and configuration of initial models
(Tilab JADE3.4.1, Java1.6,  environnement Linux)



32 LandMOD2010, 3-5th  february 2010, Montpellier, Fran ce



33 LandMOD2010, 3-5th  february 2010, Montpellier, Fran ce

Validation on the « communauté du Pays d’Aix »

Risque fort Risque moyen Risque faible Risque nul

1999 2000

Simple themes integration
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Example Scale integration

2000                                                            2010
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Result consistence verification

Surface variations in relation to risk levels
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V – Conclusion and perspectives
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Conclusion

• Re-use of existing models for complex ("composite")  dy namic
simulations

• Semantic interoperability: models for models integrati on specification

• Syntax interoperability: a mediation agents based syst em

• A viable solution although rather complex (and ressour ces consuming)

• Limited to "slow" simulations (low number of time ste ps/simulation 
session)
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Perspectives

• Formal ontological approaches for knowledge structurati on for easier
specification of models for models integration

• Extension of the framework to any number of themes and scales levels

• Operationalisation
– Validation of specialised land cover models (Macropoli s and Micropolis)

– operational validation on different contexts

– diversity of usable models


