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Risk of Natural Hazards versus
Infrastructure Resilience

Associate Professor: LAM Chi Yung
cylam@jaist.ac.jp
https://www.jaist.ac.jp/english/laboratory/csd/lam.html

Natural hazards are extreme natural phenomena, the risk of natural hazards has become a long-term
concern, not only in Japan, but worldwide, because natural hazards can result in disasters affecting human
lives and assets that are exposed and vulnerable. The risk of natural hazards directly influences the
infrastructure of a country, and low resilience infrastructure is more prone to natural hazards (Example:
Fig.1). Resilience refers to the ability to recover from the adverse effects. Infrastructure resilience is then
analyzed according to the potential effects and cascading effects of natural hazards (e.g, earthquake,
drought, flooding, extreme weather); it relates to the infrastructure conditions determined by physical, social,
economic, and environmental factors or processes, and is characterized by the probability of spatial or
non-spatial losses. Natural hazards are analyzed according to the potentially destructive extreme phenomena.
Thus, the risk of natural hazards on infrastructure can be determined by the assessment of the resilience
levels of infrastructure to natural hazards. To adapt to the changing circumstances of the risk of natural
hazards to infrastructure, our laboratory aims to model, analyze, and predict the risk of natural hazards on
infrastructure, so as to quantify and identify vulnerable infrastructure areas for risk mitigation and planning
emergency services.

In general, our research including (but not
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Characterizing the risk of natural
hazards to infrastructure
Fig.1 Cascading effects from 2011 Tohoku earthquake and tsunami.
We have applied statistics and probabilistic
models to quantitatively identify the effects of
various risk factors from natural hazards and its cascading pathways in infrastructure systems. Regarding the
risk of natural hazards to infrastructure, probabilistic risk assessment and impact estimation are the two
common assessment approaches (Example: Fig.2). Probabilistic risk assessment is the evaluation of the failure
of an infrastructure and its components to perform its expected or predefined functions when subjected to
natural hazards, and is regarded as the damage assessment of probabilistic failures of infrastructure during a
natural hazard. In probabilistic risk assessment, different natural hazard scenarios and infrastructure
information are considered, such as localized effects and infrastructure exposure. Based on the infrastructure
information for different natural hazard scenarios, the infrastructure status during natural hazards



is determined, so that the expected impacts to a given infrastructure associated with various
extreme levels of natural hazards can be predicted. Impacts estimation is the assessment of
infrastructure damage under a given extreme level of natural hazards. The impact estimation
approach analyzes the probability of infrastructure damage by natural hazards, which reflects
the ability and resilience of an

. . . i = I impact CRF
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We have applied complex analyses to Fig.2. Sets of incident/accident chains andtheir transformed
identify the interdependencies among interdependent network (with probabilities and impacts).

primary effects and cascading effects in modeling the risk of natural hazards to infrastructure. Primary
effects are those first and direct impacts from a natural hazard while cascading effects are those
second/subsequent and indirect impacts from a natural hazard. Since the interdependencies among effects
are complex and extensive, the risk of natural hazards to infrastructure cannot be fully understood simply by
studying the primary effects. Therefore, besides focusing on sequential analysis that assumes a linear chain
of effects of natural hazards on an infrastructure, our approaches also comprehensively consider the
co-existing non-linear cascading consequences of the indirect effects of a natural hazard on infrastructure in
a complex manner. Complex network modeling and big data analysis approaches have been adopted to
capture the nonlinear complexity of the interdependencies among multiple causes and multiple results, so as
to reveal the causation of catastrophes on how and whether changes in the risk of natural hazards propagate
to infrastructure (Example: Fig.3).

Messages to potential candidates

We welcome students in engineering or science, and interest/experience in numerical and data analysis.
We encourage students to conduct advanced research based on their interests. We motivate students to work
hard while enjoying their time in our laboratory.
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Fig.3 Predicted time-series changes of risk level and the cascading pathways of dlsastrous eﬁects in areas.
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