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ABSTRACTThis paper describes the concepts behind the ingoitation of a multi-agents
model aimed to explore how marine activities respndarious environmental constraints.
The methodology takes advantage on a responsivet-bgeed structure, and treats the
environment as a set of forcing variables (bioptaisisocio-economic and regulatory data).

A first experiment in the Iroise Sea area showseapgpotential in assessing the intensity and
the variability of marine activities at differentaes level. The whole methodology is

presented in this paper in order to completely gmalthe contributions and limitations
concerning the SIMARIS prototype.

ResuME Cette contribution décrit les concepts associfsraise en ceuvre d'un modéle multi-
agents simulant le déroulement d'activités marieeas contraintes d'environnement. La

méthodologie proposée se base sur un environneffeesitnulation permettant d'intégrer des

données spatio-temporelles multi-sources et maltekbes au sein d’'un modéle a base

d'agents contraints. Un premier prototype dévelogpémer d'lroise montre les apports

possibles de cette démarche pour évaluer la vdiiéhies activités de péche a différentes

niveaux scalaires.

KeyworDs multi-scale modelling, agent-based model, marawtivities, spatio-temporal
constraints, human-environment.
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1. Introduction

A review of the various scientific contributionsrerning the modelling of
human-environment interactions shows how diffidulis to integrate spatial and
temporal dimensions into a multi agent based ampr¢&ould, 1987; Stonebraker,
1990; Allen, 1991; Muxart, 1992; Snodgrass, 1992gylan, 1993; Claramunt,
1999; Parent, 1999; Legay, 2000; Pelekis, 2005gTaA08). The main limitation
results from the variability of these interactiots fact, ecosystem dynamics are
not always synchronised with the evolution of hunaativities, which respond to
far more complex cycles that are particularly difft to model. Although this
human-environment “desynchronization” may seem alsi most multi agent
based models run in environments where all inpat¥aa outputs are considered
known and all the events hold the same rhythm.

MAS-based approaches are, therefore, inapplicablenvthe system encounters
a situation unexpected by the model designer,witeen problem specification is
incomplete or the environment undergoes changestaffy human activities. This
limit is underlined by the complexity of multi-sealinteraction between human
activities and environment. This article proposeseav methodological approache
that can simulate marine activities at differerdlas in order to take into account
these complex interactions.

2. Conceptual framework

Our methodology is based on a cross-cutting apprdacused on combining
multi-agents model with multi-scale spatio-tempodatabases with the aim to
model interactions between human activities ané #mvironment. This approach
has a two-pronged goals: the simulation of the ohpd human activity on a given
environment and the assessment of the capacity otivitees to adapt to
environmental changes. Moreover in the paper wé paiint out how, using these
modeling techniques, the representation of therawnt®ns between activities and
between activities and environment, is easily aqdisined and the individuation of
potential pressure zones (in terms of resourcedoiaipon) and conflict zones
(between activities) is possible.

2.1. Environmental Modelling

Environment modelling is a critical point in mu#tgent models if it involves
natural phenomena. In computing terms, the enviemims considered as the
support system component of simulations (Ferber Miter, 1996). It thereby
manages access to resources. In ecological mogletérms, it refers to the
formalisation of how a natural environment operakeading to the closest possible
abstraction of reality (an interesting example ddug find in Matthews et al., 2007).
Computer modelling is restricted by natural envinemt features whereas
ecological modelling is restricted by programmiagduage structures and methods.
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Multi-scale modelling for simulating marine actiets 3

In agent-based systems, environmental modelliragn iextremely important task
yet paradoxically often disregarded (Weyns et28lQ7). According to Weyns et al.
(2007), the environment represents a first-clastrattion.

MAS-related studies that give less importance toahvironment focus mainly
on the role, capacities, interactions and modeltihggents. In contrast, ecological
modelling-related studies specifically involve thegulations and processes that
govern ecosystems in order to study their impaotea@system balance (Pereira et
al., 2006; Pereira et al., 2009, Wang et al., 2008Jell et al. (2002) define a MAS
environment as the constraints under which ageqigs e

In our approach, the environment consists of afsepatial data. In particular, it
includes constraints that influence the developnodran activity, so it influences
directly or indirectly almost all the decisions &mdactions taken by agents.

2.2 Integration of spatio-temporal variables

Time constitutes a core element in any dynamic ttiadeapproach. The
temporal dimension can be comprehended linearlgufwences with chronological
development) or discontinuously (cyclical or randamcurrences) (Moellering,
1976; Muxart. et al., 1992; Peuquet, 2002; Eddallle 2005). For what concerns
human activities, time is generally associated wifgyiven] state of the environment
(landuse, landcover, resources etc.). In additionexploring the chronological
progression of environmental change, the analysisifes on the space-to-time
ratio. Concerning spatial data integration, reeeatlels often ignore the interactions
underlying geographical objects (Berjak et al., 2Qantz et al., 2005, Marceau et
al., 2008). Moreover, the great part of modellingp@aches considering the
analysis of the dynamics of human-environment atgons, integrate space only as
a structural element. It is clear that this assionptdrastically limits the spatial
resolution and possible applications of the motkdlfi because it requires that all
the rules, governing the evolution of the simulattmomain, must be specified in an
explicit or probabilistic way. So, due to the insic variability of both natural and
human systems, this type of approach cannot adelguttke into account the
complexity of human-environment interactions. Thepact analysis of human
activities on the environment requires a close eotion between the notions of
time and space. This relationship determines thedows states of the space
observed, by considering the physical or humarofaaguiding the changes of that
space. The space-time relationship, in this contegtude the spatio-temporal entity
concept (Cheylan et al., 1993; Hornsby et al.,, 2004eylan et al., 2007). In
conceptual terms, several authors have suggestadtiie orthogonality of the
spatio-temporal entities is a key criterion to tinéegration of hierarchies in a
modelling approach (Claramunt et al., 1999; Pagenl., 1999). These studies show
also that the evolution of the nature and structfr@ spatial entity is associated
with a time scale that determines state changes.a lthuman-environment
relationship analysis, this time and space scatiability has a direct effect on the
intensity and nature of interactions. Orthogonaltterefore allows the joint
consideration of two different scales:
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e atemporal scale, where the various cycles carebendposed into as many
time steps of variable duration as necessary;

e a spatial scale, where the evolution of geographitties at a given
aggregation level is determined by the conjuncttérhuman and natural
events (each of which is conversely constrainedpggcific temporalities).

In this context, the integration of geomatics to(s digital geographical data
processing, spatio-temporal databases etc.) in Imddsign can facilitate the
development of a modelling platform that can deteema complex simulation space
by combining a set of human (socioeconomic, regwatforcings) and
environmental (physical and environmental forcinfgs}ors.

3. The SIMARIS prototype

The SIMARIS (Simulation of marine activities undeheterogeneous
environmental

constraints) prototype is designed to describe muawdivities and their spatio-
temporal distribution, modelled in the form of respive agents constrained by
exogenous variables (biophysical, socioeconomic segllatory constraints). It
considers the ecosystem studied as a resourcetiptifensed by humans according
to the techniques available and to their sociaénigation at a given time. This use
is not always associated with natural resourcefo#apon; it can also refer to land
allocation for a specific use.

For example, manure-spreading practices are assdaidath a farming area for
which the potential use of the practice itself lmset of spatial and temporal
constraints. Each activity thus responds to a §ipeoperating cycle, adjusted
accordingly to technical, economic, regulatory,iemvmental and social filters.

In parallel, the analysis of the variability of émnmental components entails
time fragmentation into a series of intervals moreless long according to the
processes they are associated with.

3.1 General principle of SIMARIS

The SIMARIS model provides a simulation environmehat can integrate
multi-source and multi-scale spatio-temporal caasts as forcing variables within
constrained agent models (Tissot et al.,, 2013, beerant et al., 2012). This
approach meets the requirement of explicitly foireaspatio-temporal relationships
between spatial entities, environmental processdshaman activities. The aim is to
set up a methodological framework that can run eutha complete system
specification, i.e. considering the modelling eoximent as the result of a set of
multi-scale constraints. SIMARIS has been implerménin GAMA simulation
platform.

The GAMA multi agent platform (Grignard et al., Z)1is a quite recent multi
agent protocol able to fully integrate geographidata in a multi agent system

Copyright © by the paper’s authors. Copying pemuitfor private and academic
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(Taillander et al., 2014). It is written in Javadaoan be parametrized in .gaml
language. This specific platform has been chosethfe work in reason of its large
compatibility with geographical data. In fact itabs the reading of georeferenced
files by their projected coordinate systems speaiibn and their automatic
reprojection from different coordinate referencsteyns if necessary. This is quite
unusual for a MAS, especially considering that MA&Secute operations in a
synthetic world, measured by the (X, Y) cartesiaordinates instead of (East,
West) or (Lat, Long) coordinates, as Geographia#orimative Systems do.
Moreover it allows the multi-level modelling, whigheans that different analyses
can be executed contemporarily in the same enviemtfout with a different space-
time resolution and this is different from a memgilel computing, since these
“levels” of analyses can influence each other. &sec of multi-level analysis the
agents can be organized in super-agents: a sonaofo-entities which generalize
the characteristics of a group of affine agents, ammhversely, the single agent
inherits the characteristics of the macro-agent.

All these features makes GAMA suitable for the SIRIS prototype
implementation.

3.2 Spatio-temporal granularity

Defining a spatial granularity, necessary to modeman or environmental
events, is one of the key issues and an essentiabipdition to build a model with
spatio-temporal constraints (Pereira et al., 2084jelatively intuitive, commonly
used practice is to consider the smallest commamom@ator of the objects
involved as the model’'s spatial unit. A similar giiee is used for the simulation
time step. While this practice provides good resutt many applications, its
drawback is that it tends to involve objects wittkmown dynamics or no tangible
reality. For instance, in the case of marine ati#igj the knowledge of a procedure
performed on a daily scale does not necessarilyaléts hourly course.

In this context, the SIMARIS model use spatial aggtion and disaggregation
procedures that access data to match the leved s€dhe various sub-models used
in the simulation. This issue raises important raddtogical questions like carrying
out scale transfers within models. Scientific cimitions dealing with this type of
approach are rare and highlight the complexity eftisl aggregation and
disaggregation procedures (Gotway, 2002; Duboz4R0Dhe main restrictions is
the loss of consistency among data (which can beolgeneous at a given scale, but
heterogeneous at different scale). It is therefogeessary to control small-scale
variability in the models used, either explicitlyin a parameterised form.

Given the diversity of the data representing camsts for the models developed
within the SIMARIS model (statistical data, digitgeographic information, e.g.
raster and vector data, temporal data) and therdgeeeity of the spatial
organisation levels involved, the methodology depetl is based on a bottom-up
approach. The aim is to hook several abstractigaldein the model based on the
higher resolution one.

Copyright © by the paper’s authors. Copying pemuitfor private and academic
purposes. Proceedings of the Spatial Analysis d&@@atics conference, SAGEO
2015.



6 SAGEO’2015

Regarding the multi-scale approach, in GAMA it mspible to define different
spatio-temporal resolution, both in the same l@fednalysis and through different
levels. In fact, different spatial resolutions dam specified for different grids and
the cells can have squared, rectangular and heabgrape. Regarding time,
different temporal granularities can also be spetifor different agents in the way
that any possible desynchronization between ageatsivities can be fully
represented.

Once the first and higher resolution level analysissimulated, GAMA can
aggregate agents in super-agents, as hinted béfloiee means that if, for example,
the SIMARIS model simulates different agents fdfedent types of fishing boats in
the first level (for example “algae fishing boad®jng scallop dredge fishing boat”,
etc.), at the second level (more aggregate) itccappear a super-agent “fishing
boat” grouping all types of fishing boats. And infations coming from the first
level simulation can be remounted to the secondllef/simulation performing an
aggregation operation too. Since GAMA is fully dgafable, it is then possible to
choose for each level the informations to be rertediand the better aggregation
method to be chosen.

3.3 Application and resultsin the Iroise Sea
3.1.1. The Studied Zone

A first implementation of SIMARIS model in GAMA pfmrm applies the
principles described above on the Iroise Sea. dh this zone is a Natural Marine
Parc and a Marine Protected Area (Figure 1) hostorgurrent (in space and time)
activities, potentially generating pressure on ratanvironment, exploiting natural
resources and interacting one with each other.

Copyright © by the paper’s authors. Copying pemuitfor private and academic
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Parc naturel marin d'lroise

3.3.2 Input data

Following the bottor-up approach, we choose to start the sinmuaby defining
all the single activities in detail. At the firsgMel of simulation (higher resolutior
two different types of fishing activities are takieto account: the algae and the k
scallop dredge fishing. A brief summary of inputadand is origin is reported in th
table below.

Table 1. Type and origin of input data

Geographical Data | Not Geographical Data

Maximum capture rate
fishing calendai
Bathymetry, Tide,

ports location king scallop growing rule

Comingfromfishingcommittees Fishing Zones

Comingfromother sources

3.3.3 Species implemented in GA

In SIMARIS model, a set of agents is implementediider to simulate fishin
activities. Each element implemented as agentppased to be able to interact w
the environment and other agents following internal axternal constraints ar
factors (weather conditions, regulation, fish magkéce...)

Regarding the limits and the shape of the “worlbérg intended as workir
zone), they are defined by the bathym. So, since bathymetry represents
Copyright © by the paper’s authors. Copying perittor private and acadern
purposes. Proceedings of the Spatial Analysis @@ @atis conference, SAGE
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environment, it means that automatically it carlpetinfluenced by the behavior of
all other agents or by external occurrences. Tessiiaption fits quite well the real
behavior of the earth surface, since, unless oéreeand rapid natural changes (as
big earthquakes, for example), it can be considémnetstable” condition. All the
elements acting on the environmental scene araetkfis agents.

Since the simulation regards the algae and kintjogcdredge fishing activities,
two different agents “boat” are defined: one foclkedype of activity. Both the
agents implement a set of rules in order to sireutadving and fishing acts:

 the first action (implemented in GAMA as “reflext§ the movement from
a starting port to a random point of the fishingeoThis reflex is activated
by the conditions for the agent to be initializebe in a fishing period and
to have all its fishing potential still intact (tHmat has enough space to
accommodate the catch). Once this first actioxézeted, the boat changes
state from 0O (inactive) to 1 (active).

» the second reflex simulates the fishing activithisTreflex is activated if
the boat is active (state = 1) and it has the pd#gito accommodate fish.
Starting from the random point of the fishing zotie, boat tries to catch all
that it can; a calculation of the catch is maddrgpen the quantity of fish
present in the specific cell of the fishing zondlsat the boat starts to load.
If the boat fulls after the fish, it modifies thdéate parameter to 3
(discharge) and activates the discharge reflexhdfboat is not full after
have visiting a specific cell of the fishing zoiteselects the neighbour cells
and it chooses one of them as fishing target. Tée value is turned to 2
(fishing). The process continues since the boabidull.

» the third reflex simulates the action of dischafge the boats and it is
activated when the boat is full and its state istee*discharge”. In this
reflex the boat goes automatically to the neardsthdrge point, it
discharges the catch and modifies its state tonacfive) so that the
moving/fishing loop can continue.

Another particular characteristic of the agent ‘thda that the captain has a
memory. In fact, once he catched all the possitiimfa fishing zone cell, he stores
the visited cell in a list in the way that, durittte fishing movement, he drops the
visited (and empty) cells from the list of neighbgmuexcluding them from the
possible target cells.

The agents “fishing zones” are differentiated ias@n of the type of activity.
The resource is stored in a regular square cedl, grerfectly sized on the input
vector area of fishing zones. The resolution of tirid is automatically connected to
the extension of the studied area. Each cell carimformation regarding the
quantity (nb. of individuals), size and weight @fch individual. The exemplaries
are differentiated in reason of the stage of grotah. At the beginning of the
simulation a random quantity and distribution adiinduals are simulated, size and
total weight are calculated consequently for eagh c

Copyright © by the paper’s authors. Copying pemuitfor private and academic
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For example, for the king scallop, there are thtifferent stages of life: young,
growing and mature. The stages have a respectiagiain of 180, 365 and 365 days
(Buestel and Laurec, 1975; Buestel et al., 198&vahd et al., 1998). The boat
catches as much as it can. and if the boat catdh#é®e resource in the cell (all the
exemplaries) the cell becomes empty, if the boathes less than the cell content,
the remaining part of resource is left in the cEle regeneration of the resource is
periodically executed once or twice a year (seedirjgvenile in some fishing area).

The agent “tide” is a regular grid covering all thethymetry extension with the
same spatial resolution. In reason of the zone santhe grid is appropriately
resized and, accordingly to the nearest locatet] thar value of tide is read from the
database Postgres. Thanks to a specific set oftifumsc called “SQLSKILL”,
GAMA is able to connect with the database and reddes from tables, executing
SQL queries. For each time step, a request is fiateul to the database Postgres
and the corresponding value for tide is read frbentable, the value is then stored in
each cell of the tide grid and it changes at eduh step. If the zone studied is quite
large and more than one port is included into theezitself, the values of tide for
different ports are read and the obtained valuesraerpolated in order to simulate,
by means of a continuous surface, the spatial ititiaof the tide.

Tide values infer fishing activities, in fact, degéng on the fishing type, there is
a range for the height of water which maximize ¢h&chment. This threshold value
is used if fishing zones are not provided or awdélan the working area, in joint
with the bathymetry grid and an eventual seaflosd grid, in order to individuate
potential fishing zones.

Moreover the model contains an agent “traffic” whitas the shape of a regular
grid. This grid too is resized once the working eds individuated and its task is to
record the passage of a boat adding a “+1” in sadlie cell visited by a boat. This
agent is useful in order to quantify the effectpressure on the environment (due to
frequentation), once a specific scenario is sineglat

3.3.4 Procedure description

The SIMARIS model is dynamic and multilevel. Thigams that the first thing
asked to be specified is the spatial and tempinétis of simulation. A start and end
datetime must be inserted into the graphical iaterf and the working area is
described by two couple of coordinates, belongiagtwo points, delimiting a
rectangular zone.

On the basis of spatial extension (area of the ingrkone) is assigned a level to
the analysis, considering that, for each diffetemel, different type of informations
will be returned from the model. For example, & #patial extent of the analysis is
the fishing zone (or a part of it) and the perisdbne week, probably the interest of
the simulation is to monitor the single catchment, o the spatio-temporal
resolution of the analysis must be appropriate, taerdnformation obtained will be
quite detailed (e. g. catchment rate for each sifighing session, view of the boat
movement during the catchment etc. etc.). As opposithe simulation covers one

Copyright © by the paper’s authors. Copying pemuitfor private and academic
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year and it is performed over all the Iroise Ska,interest could be to monitor the
maritime traffic and the global catchment ratesheawnth, for example, and it
makes no sense to view the movement of boats dargiggle fishing session.

Another model peculiarity is the possibility to repent desynchronization
between agents. In fact it exists (and must beifspdca global “step” parameter,
which represents the temporal granularity and ithe step corresponds to a cycle.
But it is also possible to define an optional “Stpprameter for each single agent.
This means that if, for example, our aim is to dateithe growth of species (which
is regularly a quite long process) and the fistantvities at a different velocity, we
can do it. Although this instrument is potentiallgry powerful, it must be used
carefully since an unnecessary desynchronizatiahdcovalidate the results of an
entire simulation: for example it is fundamentalsgnchronize fishing operations
(which should be represented at hourly or half-anrtrate) with fishing calendar
(which can be represented at hourly but also & daimonthly rate).

So, different values for time and space granulaityautomatically defined.

The models’ input layers (spatial data) are: a ganesctor map of the studied
zone; the raster file of bathymetry; the vectomponap of ports; the vector maps of
fishing zones (optional); the vector map of seafloed (optional).

Other models’ input data are: the database of itte table; the name of the
port(s) to be used to calculate tide level(s); artstg and ending datetime of
simulation; the coordinates of two points definthg working zone.

Once all the inputs are specified, the model guttiesuser, by using messages
on the console, through a step by step procedoreatifpicalrun:

1. the model initializes both the environment and #gents; a general
skeleton map of the zone reporting starting andhdigge points of ports
appear. The user is invited to specify the zoomlley reading two couple
of coordinates on the map (Figure 2). In this ¢dasepresence of two types
of agents «boats» are examined: three algae anditwoscallop fishing
boats. The time period examied is one week andettiension of the
selected zone allows the most detailed level ofyaig so, the movement
of the single boat and resource consumption wilebelenced during the
routing;

Copyright © by the paper’s authors. Copying pemuitfor private and academic
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= Console = e ® [ ¥ =0|
Select the working zone by reading twe pairs
of coordinates from the layer cellTide, inser
them into the computational zone variable
before launching the cycle 1

resizing working area..

analysis level = 1

|u: Parameters 23 & =8

e General

start datetime in YYYY-MM-DD hh:mm [}2011-02.03 07:02' |

end datetime in YYYY-MM-DD hh:mm |'2011-02-10 00:02’
time step in minutes "6_0?
nr of goemonier boats |3 @& =
nr of CSJ boats |2 & = &
computational zone |'42750,14500;50050,22850"
resolution of the square grid covering the Fishing zone |25 o =

stations to consider in tide calculation |'brest’

Figure . -lthe GANM

-~

console and the “Parameters” section.

2. all the input layers and the entire world are redipn the specified zoo
and the agents boats, tide and traffic are cre

3. the species are randomized over the fishing zomg a@nd they sta
growing. The boats start moving and fishing, if tt&lendar allows i
(Figure3a, b

A typical situation after some steps is the onalented in Figure 3c. On tl
higher part is reprted an extract from the king scallop fishing zoad¢tribute tabls
and it is possible to see different parametersrgihg to each single cell (tt
number of individuals in each cell, their age, tistage of growth and the weight
the single individal); on the bottom part is reported the fishingeasituation as
appears after some cycles: in light orange the celhtaining some resource, in b
the empty cells. From this figure it is possiblestodence that there are some p
of the fishng zone most frequented than others (e. g. the@rasd in red)

These first results could be used, for examplerdéter to extract some importe
information about frequentation and resource exaiion, or they can be cross
with other data (majof more sensible zonesat naturalistic level) in order |
extrapolate potential pressures on natural envimrimMoreover an unforese
event could occur (a modification on fishing calendr the interdiction of a part
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the fishing zone) and a newenario configuration could lead to sensibly differ
results.

i cell_areacs. (69v4a) B

Attributes # lifeDays nbindiv stage stageDurgtior today weight

agents 0 256 226 1 180 Bl 10.5354794520547¢
host 1 10 220 2 365 =] 16.0245264339746]
litepays 2 10 1343 2 365 El 16.0245264339746.
location 3 10 2113 5 385 3 72.6364401142515¢
membars 1 10 231 3 355 g 72.6364491142515¢
duiidiied 5 10 2080 3 385 3 72.6364491142515¢
nbindiv 5 10 387 3 385 9 72.6364401142515¢
neighbours 7 10 1677 1 365 g 77 6362491147515¢
peers 8 8 634 2 385 3 15.7876793290939(
shape 9 10 935 : 385 a 1€.02452613387161
size 10 10 1712 z 385 3 16.0245264335746]
pLAGe 11 10 298 3 365 El 72.6364491142515¢
SEEDEEEonY | 15 10 1900 2 365 El 1€.02452643397461
raday 13 10 a5 2 365 =] 16.0245264339746]
weight 14 214 1674 1 180 a 8.815205479452047

Figure 3.on the top: an extract from the fishingneoarea attributes: th
idividuals present in each cell have all the sanmeng stage (lifedays and stage) t
they are numericalldifferent (nbindiv); on the bottom: (a) a boat fish. In blue
are evidenced visited and empty cells; (b) a baatischarge place; (c) the resiz
fishing zones (light orange) accordingly to the cfied zoom. Circled in red: a
example of most expled zones.

It must be said that in this case, since the exarngphimed to individuate tf
more exploited zones (into a previously definechifig zone) and to obtain
resource balance, a small geographical zone istedl@nd the analysis level is 1
most refined. If a longer period and a wider zonesédected, the model giv
aggregate information as requested from specifinati For example, if the zol
contains more fishing zones we will not see anyt lmeaving but we will obtain it
output a resowe exploitation graphic which will synthesize tlighfng activity for
all the boats over the specified period for thec#fzezone. So, detailed data ¢
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«hidden» since a high level of refinement is nguieed, synthesis data is produced
instead.

4. Conclusions

The approach presented in this paper explore netivadelogical framework in
multi-scale modelling. Developed in GAMA simulatigriatform, the SIMARIS
prototype explicitly formalizespatio-temporal rétatships between spatial entities,
environmental processes and human activities. Dmeptexity of the prototype is
still limited, since the model takes into accoumt the moment only fishing activity
(super-agent) and details some of them (agentdhese are two different analysis
levels.

In thematic terms, the applications to coastal amtations, provide
encouraging results for assessing complex intenastbetween marine activities and
coastal ecosystems. Changes in activity intensitiybe particularly interesting to
study because they illustrate the variability efdh interactions.

Since it involves human activities under heterogese spatio-temporal
constraints, the approach described here requiee dbvelopment of models
integrating many stochastic processes. The vatidatif an approach combining
deterministic and stochastic modelling is therefieey issue in the implementation
of the SIMARIS model.

Finally, the approach described here raises nursegiaastions as, for example,
how to structure a multi-scale model like SIMARMBhe applications mentioned
above indicate that there is a relationship betwbengranularity of the spatial and
temporal data and the abstraction level of the inotlee formalisation of this
relationship remains complex. Extensive explorabbmodel structure may help to
describe this relationship.
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