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Hybrid modelling is the integration of different modelling approaches [1]. This symposium will
focus more particularly on the new paradigm emerging from the integration of differential equations
(ODE and/or PDE) into individual-based models (IBM), two antithetical yet complementary views
of systems.

In the last years, there have been an increasing number of examples of applications of this hybrid
modelling approach in various scientific disciplines: ecology [2], engineering [3], but also human-
ities science [4]. This line of research has the big advantage of simulating complex systems as
sets of different modules, which can be implemented in different mathematical approaches most
appropriate to render the subsystem under consideration. On the other hand, agent-based hybrid
modelling also comes with a reduction in analytical capabilities to understand model behavior, for
it relies on distinct, apparently incompatible formalizations (algorithmic vs mathematical, discrete
vs continuous time, etc).

In this context, we propose in this symposium to:

• Review and better define the agent-based hybrid model approach in theoretical biology

• Provide illustrations of some hybrid model in biology

• Investigate the possibility of analyzing hybrid model with an equation free approach
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Spatial patterns and self-organization of plants has been a subject of great interest be-
cause the underlying mechanisms have been diverse and hard to simulate, raising different
explanatory hypotheses.

We present two hybrid models relying on the System Dynamics (SD) – Individual Based
(IB) hybrid modelling approach [5] to simulate vegetation spatial dynamics. This line of
research demonstrates the importance of integrating both the dynamics of individual plants
and abiotic environmental factors to explain the spatial self-organization of vegetation.

In a first modelling exercise [2], plants with their individual characteristics (i.e. algorithmic
life cycle based on metabolic processes with relevant state variables such as age or biomass)
were naturally integrated inside of IB individuals. Likewise, the hydrology of soil parcels
was simulated. SD-IB hybrid modelling made it possible to couple submodels computed
in continuous time with other submodels taking decisions in discrete time. This technical
capability increased the accuracy of the model by representing processes more naturally.
Metabolism and local water dynamics are obviously biological and physical processes that
happen continuously. On the other hand, the plant’s life cycle and seed dispersal include
temporally punctual phenomena and should be modeled in discrete time. We analyzed
model behavior in relation to plant-specific parameters (seed dispersal distance and repro-
ductive age) and climatic inputs (precipitation intensity and seasonality). The importance
of the representation of individual biological dispersal was thereby also evaluated through
a comparison with previous reaction-diffusion models.

In a second undertaking [6], a derived model, omitting hydrological components but inte-
grating plant-soil negative feedback, was capable of reproducing many patterns visible in
nature. Simulations also made it possible to deduce some characteristics of plant popu-
lations subject to self-organization and spatial patterning. Plant attributes, which could
be studied with this hybrid approach, proved important drivers of patterning. Divergences
between the hybrid and continuous diffusion model were noticeable in most of the simula-
tion results, stressing the usefulness of fostering hybrid modelling approaches to overcome
technical limitations and improve model accuracy [1].
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Ecological systems are organised across a range of nested hierarchical, spatial, and temporal
scales. Consequently, ecological processes operate in, are bound by or are facilitated through
several intertwined scales. In ecological modelling this scale-related complexity is often
disregarded due to the principle of parsimony that suggests designing models as simple as
possible. However, in cases where across-scale dependencies are strong, the simplification
of the focus to one specific scale obscures the true behavior of the system. To offer a
more holistic view on ecological systems, ecological models thus need to have the capacity
of representing several interacting scales at the same time. Hybrid agent-based (AB) and
system dynamics (SD) models have been suggested to capture the essence of these systems
in a natural and computationally efficient way. However, the integration of the equation-
based SD and individual-based AB models is not least challenged by considerable conceptual
differences between these models. Examples of tightly integrated and dynamically switching
hybrid models are rare.

In this contribution, I expand on theoretical frameworks of hybrid agent-based and system
dynamics models in ecology to support the model design process of dynamically switching
hybrid models. Taking a fish-plankton lake ecosystem as an example, a set of alternative
model IB-SD designs are discussed in terms of their computational and predictive per-
formance. Computational performance may become prohibitive in models that keep high
levels of detail at lower scales, whereas too strong aggregation negatively impacts predictive
performance. It thus turned out to be critical how a model retains and restores relevant
spatial and attributive information when switching between scales. Important findings with
respect to optimising computational versus predictive performance were (1) the most plau-
sible results were produced by a spatially explicit design based on spatial plankton stocks
and fish switching between individual agents and aggregate school-agents, (2) higher lev-
els of aggregation did not necessarily result in higher computational performance, and (3)
adaptive, emergence-based triggers for the paradigm switches minimised information loss
and could connect hierarchical and spatial scales. In conclusion, I argue to reach beyond
efficiency-oriented considerations and use emergent super-individuals as structural elements
of dynamically switching hybrid models.
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Agent-based models constitute the state-of-the-art in contemporary computer simulation of
many complex systems ranging from ecology and epidemiology to economics and financial
markets, and from traffic and supply-chain networks to biology and physiology. On the other
hand, networks are identified as a key feature of the structure of many real-world systems
and recent years’ research on the subject is a part of a broader trend towards research on
the dynamics of complex systems.

Up to date what is usually done with such detailed object-oriented large-scale models lack-
ing explicit macroscopic descriptions is simple simulation: set up many initial conditions,
for each initial condition create a large enough number of ensemble state and network real-
izations, probably change some of the rules and then run the detailed dynamics for a long
time to investigate for example how things like vaccination policies, malignancy/ mutation
of a virus - and resource availability may for example influence the spread of an outbreak.
However, this simple simulation is most of the times inadequate for the systematic analysis,
control policies design for emerging phenomena.

We will show how one can extract efficiently such “large-scale, system-level” information for
the systematic analysis and the design of the emergent dynamical behavior of such large-
scale simulators evolving on complex networks with important engineering, social and health
implications. The key stones of the proposed framework lie on the “trijunction” between
computational statistical mechanics, complex networks, bifurcation and dynamical systems
identification and control theory.

For illustration purposes, I will present you problems from the fields of Social Dynamics,
Computational Epidemiology and Computational Neuroscience.
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The intracellular Michaelis-Menten enzyme kinetics mechanism is one of the most simple
and most popular ones in biology [12, 13]. It is also widely employed in enzymology, pharma-
cokinetics and ecology. The dynamics of the mechanism has been the subject of an extensive
research effort [14, 15]. In this work the MM mechanism is analysed with the Computational
Singular Perturbation (CSP) method, which is the algorithmic counterpart of geometric sin-
gular perturbation analysis. CSP is employed for the derivation of two new reduced models,
which exhibit a large range of validity. The main purpose of this work is to establish the
validity of the CSP-generated MM reduced models, by examining their stability and ac-
curacy. This work aims to provide a methodology for the construction of robust reduced
models, which are valid in the full domain of the parameter space where the full model is
amenable to reduction.
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