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Development of mathematical and statistical models
for biological processes
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Abstract:

Research activities carried out at the Dept. of Agricultural Sciences involve: i) the development of process-
based mechanistic models for the quantitative analysis of biological systems using several approaches such
as Ordinary and Partial Differential Equations (ODE and PDE) and Individual-Based (IBM). In this context
we work on the integration of different approaches to simulate the temporal and spatial dynamics at different
scales; ii) the use of SystemDynamic models (ODE) to simulate the growth of microbial cultures mainly driven
by metabolic fluxes. PDE models have been used to simulate the emergence of vegetation patterns simulating
plant-soil interactions and, with a similar approach, the differentiation of vascular tissues in plants; iii) the
implementation of hybrid modeling aiming at integrating continuous approaches (ODE, PDE) within an IBM
framework. Such models have been proposed and applied at ecological scale to simulate the formation of
vegetation patterns and at tissue/organ scale to simulate xylogenesis and wound closure in plants. The hybrid
modeling approach 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; iv) the implementation of pest models in a geospatial framework including cyberinfrastructures
to enhance model development and exploitation. There is a strong connection with the data management
part, since climate, environmental and pest parameters geospatial data (cubes) support the deployment and
the geospatial usage of the model.
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