
The MAELIA project develops a digital platform for simulating the socio-environmental
effects of Global Changes and the implementation of various norms of governance and management of water
resources. To address the direct/indirect or expected/unexpected effects of these changes and norms, the
platform couples a significant number of stylized dynamics categorized within three major domains: hydrology,
agriculture and social. MAELIA contributions are focused on the modeling of low-water management, which is
the most strategic issue regarding water resources in the Adour-Garonne basin.

Context

Hydrologic aspects
MAELIA simulates the water flow through a
complex network of water bodies, courses and
tables (see diagram below), taking into account
the numerous pressures from industry, drinking
water providers and farmers.

Agricultural aspects Socio-ecological aspects
Agricultural pressures play a major role in low-
water management. Therefore, a fine-grained
model of the farmer’s activities is utilized. The
farmer’s rationality is shown through the
interaction diagrams (see example below) where
many cognitive resources (green boxes) are at
stake in the decision making process.

The representation of norms regarding water is
central in the MAELIA project. Yet, formalizing
those rules from empirical knowledge into social
processes (see process diagram below) is a
challenge that requires collecting and mining
substantial amounts of information.

Currently, the « MAELIA area » includes ~165
hydrographic areas situated on both sides of the
Garonne, in the basin upstream Portet s/ Garonne
(near Toulouse). The whole Garonne-Adour basin
counts 1989 such areas, say ~20 times more !

Another challenge consists in combining social
rules to geo-referenced data (like water resources
or territories) and natural or socio-economical
processes within a unique model apt for being
evolved in time.

Matching irrigated parcels with the corresponding
withdrawal points is one of the many challenges
of data pre-processing.

Finally, testing the effects of these laws requires
the ability to run a lot of simulations, analyse the
outputs and aggregate them into a composite
exploitable result.

The MAELIA simulation platform allows ex ante assessment of the social, economic and
environmental impacts of scenarios of evolution of water management context in the Adour-
Garonne basin over the period 2000-2050. These scenarios concerns the implementation of
new norms of water resource (and related resources) management and the trends and events
affecting the territory (e.g. climate change; resource markets, agricultural policies, land cover
change, etc.).
Two types of indicators are calculated to characterize these effects and impacts. First social,
economic, environmental indicators (time series, maps, etc.) and their associated confidence
indexes that are intended to decision-makers (public authorities, managers of the resources
and territories). Second indicators that are dedicated to the tracking of interaction dynamics
for the modelers and platform users.

Scenarios and Indicators

Systematic evaluation of parameters’ values to reproduce good water flows through time and
space. The water flows data are part of the Hydro II database, which was provided by SCHAPI. The
calibration process is handled with genetic algorithms and a single‐objective fitness function,
measuring the numerical distance between the simulated matrix of water flows and the matrix of
water flows measures, for a given set of geographical measure points.

Simulating the water flow alone in the « MAELIA 
area » already involves coping with a signifi-
cant amount of data: water courses, water 
bodies, canals, hill dams, etc.

MAELIA model also requires some manually 
processing  of heterogeneous sources of data 
like the restriction decrees (which are collected
as PDF documents) in order to relate
each decree to the districts of application.

Polygons in different colors depict the variety of crops planted in the
parcels. The water withdrawal for irrigation points relate each irrigated
parcel to a water body (river, lake, hill reserve, water table).

A detailed and coherent space-time
representation of the agricultural land use
guarantees a consistent assessment of the water
to be withdrawn from the different water
resources.

Actor/Resource diag-
ram depicting the
different water
(material).

Interaction diagram for the
annual cropping plan decision
making.

This process diagram for-
malises the water volume
allocation process as a UML
activity diagram.
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Since there is rarely social constants over decades, historical data has to be injected to represent
the evolving context that the model is not intended to reproduce.

The originality of the platform comes from a multi-agents approach where a number of software agents simulate the many actors, material and cognitive
resources dynamics playing a role in water management. MAELIA is a Java-based simulation platform whose HCI is provided by the Gama framework. Only a
few partial diagrams are highlighted here, they’re intended to illustrate the way the platform has been designed and built.
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Perform automatic multi-criteria calibration for the period 2000 2015.
Since MAELIA integrates hydrologic, agronomic and social models, it has to be
calibrated on the basis of multiple relevant variables identified by the experts and for
which we have gathered and harmonized the field data necessary to their calculation
for the period 2000-2010/15. Currently we use genetic algorithms to perform the
tuning of several modeled processes. Our present execution environment, limits us
to the exploration of restrained spatial dimensions and single-criteria objective
functions. However the tuning of MAELIA is essentially a multi-criteria optimization
problem, which requires the use of thousands of simulations. This must be handled
by relying upon massively parallel computing architectures (cloud, local and/or distant
dedicated clusters) which allow a gain of experimentation time increasing at least
linearly with the number of available cores. Other more efficient optimization solutions
must also be investigated.

Objective-driven experiments, trajectories control and viability
studies. MAELIA uses control parameters of socio-ecological
processes, such as the authorized volumes for agricultural water
withdrawals. Such values are fixed a priori in scenarios of future
governance. Integrating the decision-making processes that are used by
the experts when they attempt to guide the future trajectory would
increase the realism of the simulated scenarios. With filtering methods
for nonlinear dynamical systems, it is possible to assist the expert's
analysis, by determining which commands would guide the system
towards desired and viable paths. Another modeling approach to better
understand sustainability paths lies in reversed simulation: for a set of
future states of the water basin considered as viable and defined by
constraints on the values of indicators, what are the trajectories of the
model that lead to theses viable states? What does it imply on the
settings of hydrologic/agronomic/social processes? Are these settings
realistic? Given the number of dimensions of a system’s state in
MAELIA, huge amounts of memory are needed to run backward-search
algorithms and handle the dimensions of the search space.

Production

Monitoring and efficient visualizations. The HMI platform allows the
user to interactively define scenarios to simulate and, to some extent,
control the flow simulations. The visual indicators use conventional tools
such as timelines, piecharts, and quantitative maps. We have to
complete it with reliable, real-time, and actionable view of water use and
flow. To exploit our large body of georeferenced and temporal data,
realistic 3D displays are required. They are both more expressive for
some indicators (dynamically changing water surface throughout the
basin, for example) and probably more efficient to involve resource
managers.

Computation time, spatial dimensions and modeling grain. With our current
execution environment (a dedicated 8-core server), ~1 h of computing time is needed
to run a calibration simulation over the Upstream Garonne basin for the period 2000-
2010. In such configuration, up-scaling our simulation to the (Adour-Garonne basin,
then France and finally) continental Europe would require ~2 months of computation
for a single "model trajectory". Robust scenario building, intensive sensitivity analyses,
testing various representation granularities (e.g. on actors rationality) or resolutions
(e.g. space-time processes), estimating confidence indexes associated to socio-
environmental indicators, etc., all require performing at least thousands of such
trajectories involving thousands of variables.

Turn information into insights. MAELIA integrates thousands of
georeferenced objects. Each simulation generates gigabytes of data
(~2.104 daily time steps over the 2000-2050 period). We have to handle
this information entirely in order to query the trajectories of the simulated
system. This big data set has to be mined by intelligent analytics to
produce new insights for users of the platform. Both real-time and
differed treatments (aggregation, filtering, classification, spatial
statistics, intelligent alerts) are required. They aim at the production of
indicators for each simulation and experience (a set of simulations
related to a common scenario). These indicators also serve to outline
the discrepancies between the data produced by two different
scenarios. They allow to evaluate the impact of one scenario comparing
to another ceteris paribus. Some of these indicators are predefined, they
correspond to widely recognized assessment tools. Allowing for
interactive and deep explorations of data with new user’s own indicators
is an absolute necessity to give the user the additional ability to detect
new and emergent phenomena in the simulations.

Data pre-processing. A database is built and managed in order to initialize, calibrate
and run the MAELIA platform. This database gathers in a consistent way many
disparate heterogeneous data from several sources. Data preprocessing is perform in
order to filter, weight, enrich, aggregate the data, trim GIS layers and integrate multiple
information in a knowledge data base. High processing power, improved hardware
performance and a diversity of performing algorithms are increasingly required to
routinely fill these tasks and fit our growing objectives.

Evolution of the spatial scale from upstream Garonne basin (in pink) to BAG (in light green,
~ 20 times bigger) and then from BAG to Europe (~ 100 times bigger) will require a scaling
of the computing and storage solutions.

Exploitation

On-going Developments and Future Targets

After having designed and developed a fully integrated and operational model during the 4-years MAELIA project (2008-2012), three major challenges have to be
tackled :
1. Scale up the computing resources to rely upon deep computing power. The platform encapsulates rich and highly interdisciplinary expertise. The model is

composed of tens of thousand software variables, data structures and objects, linked by hundreds of thematic rules and processes. The calibration requires
massively parallel computing facilities to run thousands to hundreds of thousands simulations in reasonable time (preferably several hours rather than several
months).

2. Handle and mine the huge amount of information produced by simulations. Each simulation produces gigabytes of data. Complex analytics are needed to
handle, manage and synthesize this information. Ultimate goal is to extract new and additional meaning, useful for the reasoning of the users of the platform.

3. Create and develop intuitive and efficient user interfaces. The platform is intended to assist decision making. Users should be fully informed of the processing
performed by the platform. They should be able to control it and explore the results through accurate and expressive visualizations.

Challenges related to the initialization of the model, its evaluation
and the exploration of the information produced.

Based on the MAELIA platform, two orientations are structuring our development strategy for the next years:
Modeling transfers of resilience and robustness between levels of organization of social-hydro systems, in response to steep (crises) or trendy global to local

changes (e-NORIA project);
Deepen the development of operational formalization of the socialization of actors and of their rationalities around multi-scale multi-sectoral issues, and evaluate the

social acceptability of sustainable development policies (SISAET project).
These ambitions will be supported by a diversification of fields of application (Adour-Garonne basin, Languedoc region; in the long term Europe), and by the

increasing use of remote sensing data or products.
The modeling platforms are designed with the objectives of operational uses by public institutions and governance, managers of resources and territories and policy-
makers.

Current solution Required solution 

One simulation
(2000-2040) on the Upstream

Garonne basin

~4 hours on a dedicated
8-core server, megabytes of 

data

~ 1 hour

Automatic calibration
experiment

(103 to 106 simulations on 
2000-2010, plus terabytes for 
geographical data storage)

Unrealizable Massively parallel execution 
of the numerous simulations 

composing the calibration 
experiment to do it in ~1 to 3 

days max.
One simulation on the BAG 

(resp. Europe)
~ 400 hours

Orders of magnitude of current time and memory costs in MAELIA, and the ones to reach
in order to perform desired meaningful experiments. These performances can be reached
if we scale up the underlying technology (parallelization of simulations, distributed
databases, optimization).

Future solution should allow distant access to the MAELIA computation platform so that it
could be used by users located in different part of the world. The development of the
platform should be itself decentralized.
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