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Context
In its most recent assessment report, the IPCC (Intergovernmental Panel on Climate Change) warns
once again of the urgency of climate change and pays particular attention to the extreme events, their
recent increase in frequency and intensity, and their impact on the equilibrium of forest ecosystems
[PRA+22]. The preservation of forest ecosystems is therefore a major social and scientific challenge,
which requires a better understanding of their dynamics, characterized by complex interactions between
their biological evolution, climate and human activity. Despite the recent development of mathematical
vegetation models that integrate several aspects of these interactions, modeling the dynamics of forest
ecosystems remains particularly difficult, partly due to the high spatial variability of plant species, and
the difficulty of obtaining long-term data on the parameters that characterize tree distribution, age
and growth. However, forest management is considered essential for mitigating the effects of climate
change and to preserve ecosystem services, in a context of intense deforestation and significant loss of
biodiversity.

The TOUNDRA research project (Mathematical modeling and analysis of boreal forests vulnerabi-
lity to climate change: a hybrid approach), funded by the French National Research Agency, proposes
to study the stability of boreal forest ecosystems in response to climate change, using a hybrid mod-
eling approach, aimed at reproducing the biological dynamics of forests disturbed by extreme climatic
events and human activity. The project therefore revolves around a mathematical model obtained by
coupling a system of differential equations describing the biological dynamics of the boreal forest, with
a discrete probabilistic process modeling the impact of extreme events and deforestation. This model
is described in detail in the following articles: [CDF23], [CDF21] and [KABA94]. This thesis is part
of the TOUNDRA project.

Thesis topic
The objectives of this thesis are twofold.

The first axis concerns the comparison of the hybrid model of disturbed forest dynamics with the
observation data produced by forest ecologists involved in of the TOUNDRA project. These data are
of a paleo-ecological nature and describe the history of the boreal forest and fire over the Holocene
period [AAL+08]. Parametric exploration and numerical simulations of the model will therefore be
carried out in order to identify at least relevant parameter regimes. Feedback on the structure of the
model may lead to certain modifications. This comparison of the model with the data should enable
to a better understanding of the spatio-temporal mechanisms within the boreal forest ecosystem. For
example, the observations of chaotic patterns in space, the impact of climatic and human disturbances
on ecosystem stability ecosystem stability, the response of forest-tundra and temperate forest-boreal
forest ecotones to climate change, will be examined in the light of the model’s trajectories.

1



The second axis is more theoretical and concerns the study of the properties of the hybrid forest
model. Built by coupling two formalisms, this hybrid model presents a rich dynamics. The properties
of stability, the emergence of oscillations or chaotic regimes will be studied in line with very recent
work in theoretical computer science on hybrid dynamical systems [Tab09]. An abstraction of the
dynamic hybrid system corresponding to the disturbed forest model in the form of a Markov decision
process will be studied, as well as the issues of bisimulation, decidability and and verification. For
a broad scope, this theoretical analysis will be placed in a general framework, of which the study of
forest dynamics will be the privileged application. However, other applications may also be envisaged,
such as oceanography and epidemiology.

Profile of the candidate
To carry out this research work, the candidate must have solid skills in in computer science, both
computational (numerical simulation, supercomputing) theoretical (formal methods of model checking)
and in applied mathematics, in the field of differential equations. The candidate should also have an
interest in environmental sciences, particularly in forest ecology. Experience in the study of models
in the life sciences would be highly appreciated. Last but not least, the candidate should have good
writing skills and an aptitude for teamwork.

Contract
• Status: paid thesis under agreement.

• Fields: computer science, modeling, applied mathematics, forest ecology.

• Contract duration: 36 months.

• Desired start date: first half of 2025.

Application procedure
• Application deadline: January 15, 2025.

• Send to Guillaume Cantin (guillaume.cantin@univ-nantes.fr) a cover letter and a CV.
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