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General background. Despite centuries of work, important theoretical and
empirical aspects of the biological diversity of our planet remain poorly understood. We
discovered a few general ecological laws and studied several ecological patterns, but we
still lack a general method for translating between them. One of the open questions is:
can we devise a theoretical framework, possibly based on some biological mechanisms,
from which one can derive some key spatial and temporal ecological patterns in
agreement with empirical data? Can we predict one pattern from another? As well as
being of intrinsic theoretical interest, this theory would have important implications and
applications to a wide range of different disciplines, even outside the biological context.

Description of the project. You will study the properties of some stochastic
differential equations (STDs) that are able to describe several temporal patterns in
ecosystems that harbor hundreds of species such as tropical forests and coral reefs.
These STDs can be studied analytically under different boundary conditions that have
important biological meaning. You will learn how to translate a general STD into a
Fokker-Planck equation (a PDE) and obtain absorbing solutions with non standard
methods.

The project can be adjusted to fit different levels of difficulty (level 3 or 4 year
students). In the first part you will study simple yet interesting cases and then try to
generalize the results. The time-dependent solutions will be used to calculate several
patterns that can be measured empirically. You will have the opportunity to become
familiar with some basic concepts of different disciplines (e.g., neutral theory,
macroecology, population dynamics, …) and techniques (stochastic methods, solving
PDEs and simple integral equations, properties of special functions, ...).

The final part of the project can be tailored according to your taste and the following
topics could be covered: 1) Analytical study of more general STDs, 2) Multidisciplinary
applications (e.g., spreading of infectious diseases, gene expression, mathematical
finance, economics, ...), 3) Numerical simulation of STDs with different boundaries, 4)
Comparison of analytical patterns to empirical data.

The project can be thought of as an introduction to a wealth of problems that can be
investigated in postgraduate studies.

Prerequisites: you should have a good knowledge of probability theory and
stochastic processes. You should also know some standard methods for solving PDEs.
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