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Project description

Contemporary cities depend on tightly coupled infrastructure systems whose behavior is
increasingly shaped by interdependencies among physical assets, environmental stressors, and
human activity. In dense urban settings, localized disruptions rarely remain confined to a single
component: flooding in a low-lying corridor may compromise access to critical facilities, the
deterioration or closure of a bridge or tunnel may trigger network-wide mobility losses, and
degradation across a portfolio of public buildings may impair service continuity during extreme
events. These cascading dynamics are difficult to understand because urban infrastructure is only
partially observed, sensing resources are limited, and existing monitoring strategies are often
designed for local condition assessment rather than for identifying how risk propagates through
the surrounding network.

The objective of the proposed project is to develop a data-informed framework for identifying,
predicting, and mitigating cascading risk in urban infrastructure systems under partial
observability and uncertainty. Central to this effort is the hypothesis that disruptions in cities
propagate through latent causal pathways linking structural condition, environmental forcing,
operational demand, and network topology, and that these pathways can only be revealed when
sensing and data-collection strategies are explicitly designed for causal identifiability rather than
generic spatial coverage. Revealing these mechanisms is essential to improving early warning,
resilience assessment, and intervention planning in climate-exposed, infrastructure-intensive
urban environments.

The proposed framework is broadly relevant to several urban application spaces that sit at the
intersection of the supervisors’ expertise. These include: (i) flood-driven disruption of critical urban
access networks, where localized inundation propagates into accessibility losses for essential
services; (ii) bridge and tunnel corridor risk, where deterioration, closure, or temporary restrictions
at a few critical links induce disproportionate system-level mobility consequences; and (iii) public-
building portfolio resilience, where sparse observations from selected facilities are used to infer
risk and service degradation across a larger stock under seismic loading or volcanic unrest. These
candidate applications will be discussed jointly by the supervisors and used to define a primary
case study, with New York City and Naples offering two complementary urban laboratories: one
highly data-rich and infrastructure-dense, the other multi-hazard, coastal, and historically
stratified.

The specific scientific questions addressed in this project can be grouped into three interconnected
themes.

1. Causal structure of urban risk propagation.

How do local disruptions triggered by hazard exposure, asset degradation, or operational overload
propagate through interconnected urban infrastructure systems? Can these processes be
represented through causal network dynamics rather than through correlation-based descriptions
alone? What roles do topology, redundancy, and exposure heterogeneity play in amplifying or
attenuating cascade effects?

2. Optimal sensing and data collection under partial observability.

Which variables, locations, and times of observation are most informative for identifying causal
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pathways of disruption and reducing uncertainty in cascade prediction? Can sensor placement and
adaptive data-collection strategies be optimized to maximize the value of information for
resilience-oriented decisions under realistic resource constraints? How can sparse measurements
from instrumented assets support inference over a broader, only partially observed urban system?
3. System-level implications for resilience-oriented intervention.

How do different monitoring layouts and intervention strategies affect robustness, service
continuity, accessibility loss, and recovery time? Can the combination of causal inference and
optimal sensing reveal leverage points where targeted actions yield disproportionate resilience
benefits? How can city agencies use these insights to prioritize investments in sensing, inspection,
and mitigation?

To address these questions, the student will develop a modeling framework grounded in causal
inference, network science, probabilistic state estimation, and optimal sensing. Multi-source data
describing hazard conditions, infrastructure attributes, dynamic system states, and service
disruptions will be integrated to infer temporal and structural dependencies across urban
infrastructure networks. These analyses will support the formulation of dynamical network models
for cascade prediction and uncertainty-aware resilience assessment. Building on this foundation,
sensor placement and adaptive data-collection strategies will be optimized to improve causal
identifiability, early detection, and decision support under limited monitoring budgets. The
proposed research will combine rigorous mathematical modeling with the analysis of real urban
data, aiming to uncover general principles governing cascading risk in interdependent
infrastructure systems.

Relevance to the MERC PhD Program

The proposed project is strongly aligned with the interdisciplinary vision of the MERC PhD program
because it addresses a complex societal challenge at the interface of resilient cities, infrastructure
risk, and complex-systems modeling. Understanding how disruptions propagate through partially
observed urban infrastructure networks requires the integration of dynamical systems theory,
network inference, uncertainty quantification, and engineering insight. The project, therefore, sits
naturally at the convergence of the program’s themes of complex systems, risk and uncertainty,
and resilient engineered environments. Its structure and emphasis are consistent with the form
and positioning used in the sample project.

Methodologically, the project offers advanced training in causal inference, network dynamics,
time-series analysis, uncertainty-aware modeling, and control-oriented sensing. The student will
learn how to formulate mechanistic hypotheses about urban risk propagation and how to test
them using heterogeneous observational data. These skills will support contributions to the
growing scientific effort to understand and manage interconnected urban systems under limited
observability and evolving environmental stress.

Beyond theoretical development, the project will expose the student to real-world datasets and
decision-making contexts relevant to infrastructure monitoring, hazard management, and
resilience planning. By integrating empirical data analysis with predictive modeling and scenario
exploration, the doctoral research will foster the ability to translate fundamental scientific
knowledge into quantitative tools of practical relevance for municipalities, infrastructure
managers, and public agencies.




The interdisciplinary nature of the supervisory environment and the international dimension of the
research activities will further strengthen the student’s training, promoting communication across
disciplinary boundaries and the ability to operate in different scientific and institutional settings.
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Joint supervision arrangements

The supervisors bring complementary expertise in dynamical systems, network science, time-series
analysis, infrastructure monitoring, uncertainty quantification, and optimal sensing. The student
will therefore be embedded in a highly interdisciplinary environment, benefiting from continuous
exposure to both methodological developments in complex systems science and applied challenges
in infrastructure risk and resilience.

The frequency and structure of supervisory meetings will depend on the stage of the doctoral
research. During periods devoted to methodological training, literature review, and case-study
definition, joint meetings involving both supervisors are expected to take place approximately
twice per month. During phases focused on model development, data analysis, and manuscript
preparation, more frequent one-to-one meetings with the individual supervisors will be scheduled,
typically on a weekly basis or as needed.

Regular research workshops, seminars, presentations, and collaborative activities at New York
University and partner institutions will provide additional opportunities for feedback and
interaction with a broader network of researchers working on related topics. This structure is
intended to foster both intellectual independence and close scientific guidance throughout the
doctoral project.

Location and length of the study period abroad

The primary host institution for the study period abroad will be the New York University Tandon
School of Engineering, located in the Brooklyn MetroTech Area in New York City. The student will
be affiliated with the Center for Urban Science and Progress and will benefit from the
interdisciplinary research environment fostered by CUSP and related initiatives on urban systems,
data science, infrastructure, and resilience.




These research environments provide access to advanced computational resources, extensive
urban datasets, and a vibrant academic community spanning engineering, applied mathematics,
data science, public policy, geospatial science, and the social sciences. By leveraging New York City
as a living laboratory, the student will gain direct exposure to real-world challenges related to
infrastructure interdependencies, hazard impacts, and resilience-oriented urban planning.

During the period abroad, the student will be fully integrated into the scientific activities of the
host research groups, including seminars, focused training initiatives, collaborative projects, and
interactions with external partners from public institutions and industry. The comparative
dimension of the research, potentially involving Naples as an additional case-study environment,
will further enrich the doctoral training by placing the developed methods in distinct urban and
hazard contexts.

A study period of 12 months abroad is envisaged to ensure sufficient time for methodological
development, data collection, case-study implementation, and integration into the supervisors’
research teams. The exact timing and distribution of visits will be determined in consultation with
the supervisors, taking into account the evolving needs of the research project and the student’s
training objectives.

Any other useful information

The proposed research builds on the growing need to move from asset-specific monitoring
toward a systems-level understanding of urban infrastructure risk. Recent advances in network
inference, time-series analysis, and causal modeling provide a strong conceptual foundation for
investigating how disruptions propagate through interconnected urban systems, while
developments in structural health monitoring, uncertainty quantification, and optimal sensing
make it possible to link these system-level questions to engineering decisions about where, what,
and when to measure.

The student will benefit from an intellectual environment in which complex-systems science and
infrastructure engineering can be meaningfully integrated. On one side, Prof. Porfiri’s work on
dynamical systems, network inference, and temporal interactions offers a powerful
methodological basis for detecting influential nodes, reconstructing latent dependencies, and
understanding collective effects in partially observed systems. On the other side, Prof. Tronci’s
work on structural monitoring, uncertainty-aware diagnostics, and sensing design provides the
engineering foundation needed to formulate physically grounded, decision-relevant monitoring
strategies for real infrastructure systems.

The project is therefore expected to create a virtuous cycle between theoretical developments in
causal network dynamics and practical challenges in urban infrastructure monitoring and
resilience. This convergence is particularly well suited to dense and hazard-exposed cities such as
New York City and Naples, where infrastructure interdependence, data heterogeneity, and
environmental stress create an ideal setting for the development and testing of new quantitative
frameworks for risk propagation and resilience-oriented sensing.




