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Project description (max 5000 characters)

Climate change is widely recognized as one of the most pressing challenges of the coming
decades, particularly in Europe, where its impacts are expected to intensify significantly. Its
effects are manifold and include an increase in the frequency and severity of extreme natural
events such as heavy rainfall and floods, as well as heatwaves and wildfires. In addition, global
warming induces long-term phenomena such as sea level rise and prolonged drought periods.
Recent studies also suggest that climate change may contribute to the occurrence of large
landslides. These aspects clearly indicate that a wide range of natural hazards, and the associated
risks, are expected to increasingly affect structures and infrastructures under changing climatic
conditions.

Particular attention must be devoted to distributed infrastructure systems, such as gas pipelines
or power grids, which are inherently exposed to spatially distributed hazards. These systems are
characterized by complex topologies and strong interdependencies, making them especially
vulnerable to localized damage that may propagate across the network. Climate-induced hazards,
including floods, soil instability, and extreme temperatures, can affect multiple components,
potentially leading to cascading failures and large-scale service disruptions.

From a methodological perspective, the impact of climate-driven hazards on such systems can be
effectively framed using concepts from dynamical systems and network theory. Network systems
can be modelled as dynamical systems on graphs, where the state of each node evolves according
to local dynamics coupled through the network topology. In this framework, climate-induced
perturbations act as external forcing terms or alterations of the dynamics or of graph topology,
and the propagation of failures can be studied through the analysis of stability regions, invariant
sets and bifurcation thresholds. In this context, the combination of hazard intensity, spatial
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correlation, and network topology plays a crucial role in determining the overall system response.
These aspects highlight the need for advanced mathematical and computational tools, including
stochastic modeling and network-based approaches, to properly capture the complexity of risk in
distributed systems.

The proposed research aims at developing innovative methodologies for the quantitative
assessment of risks affecting distributed infrastructure systems under climate change. The
research will focus on the formulation of probabilistic models capable of describing the spatial
distribution of extreme events and their impact on network components. In particular, stochastic
approaches will be investigated to represent hazard variability and spatial dependence, as well as
their effects on system performance.

A key objective will be the integration of hazard models with dynamical network-based
representations of infrastructure systems, accounting for component vulnerability and fragility.
The proposed framework will allow for the evaluation of system-level performance metrics, such
as service disruption probabilities and resilience indicators.

It is expected that the outcome of the research activities will support risk-informed decision-
making, contributing to the design and management of more resilient infrastructure systems
under evolving climate conditions.

Relevance to the MERC PhD Program (max 2000 characters)

The proposed PhD project is inherently interdisciplinary, requiring the integration of expertise
from multiple fields. Climate science and environmental engineering are essential to properly
characterize the physical processes driving extreme events and their spatial variability. At the
same time, advanced statistical and probabilistic skills are needed to develop robust models,
quantify uncertainties, and represent dependence structures among hazards. Expertise in
network science is also crucial to model distributed systems and to capture the effects of
component vulnerability, interdependencies, and failure propagation. Structural engineering
competences are equally important, for instance for the development and application of fragility
models and performance metrics, ensuring that the system response is meaningfully linked to
engineering demand and damage.

This integration of disciplines is fundamental for the quantitative assessment of risks affecting
complex systems, where hazard characterization must be consistently linked to system response
and performance metrics. In this context, the project is aligned with the objectives of the MERC
PhD program, as it addresses the analysis and management of risks in complex and
interconnected systems, combining methodological development with relevant engineering
applications.
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Joint supervision arrangements

The supervision will leverage the complementary expertise of the two advisors: Prof. Cito will
guide the hazard and risk modeling components, while Prof. Coraggio will contribute to the
dynamical systems and network-theoretic aspects of the research. Weekly meetings with both
supervisors will be scheduled throughout the entire research program.

Location and length of the study period abroad (min 12 months)

The candidate will undertake a research period abroad of at least 12 months at a partner
institution to be identified among leading international research groups active in the fields of
network reliability, infrastructure resilience, or stochastic dynamics of complex systems. The
selection of the host institution will be guided by the complementarity of expertise with respect
to the research objectives of the project.

Any other useful information

The supervisors maintain active collaborations with industrial partners involved in risk analysis for
natural hazards, including those related to climate change. Therefore, interactions with
professionals and researchers from both academia and industry are expected throughout the PhD,

providing valuable support and contributing to the development and validation of the proposed
research activities.

Please return this form via email by no later than 3rd April 2026 to
merc@ssmeridionale.it



