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The thesis “Economic Analysis of Resilience to Natural Hazards in Industrial Sectors”
proposes a methodology to estimate quantitatively industrial sectors’ resilience to disasters
from the resistance and recovery aspects and evaluate the economic impacts caused by
disasters. Specifically, the thesis aims at answering the following research questions:1)
Resistance: how many percentages of production capacity rate remained in industrial sectors in
the condition of lifeline disruptions immediately after disasters?; 2) Recovery: how is the post-
disaster recovery process in industrial sectors in consideration of the uncertainty and
influencing factors?; 3) Economic impact estimation: how much production capacity losses
have caused in industrial sectors due to disasters?

To address these research questions, the thesis consists of six chapters. Chapter 1
introduces the background of the thesis and highlights the importance of building resilience in
reducing economic losses caused by disasters. The objectives, significance, and framework of
the thesis are also summarized in this chapter. Chapter 2 reviews the literature in the economic
resilience field, focusing on the studies in industrial sectors. This chapter defines and
introduces the economic analysis from the resistance and recovery aspects, and introduces the
economic losses estimation framework by integrating these two aspects. After pointing out
the gaps in resilience analysis, the main focus and research questions are proposed. Chapter 3
measures the resistance to disasters in industrial sectors, which describes the ability of
industrial sectors to absorb the shocks due to disasters. Lifeline resilience factor is introduced
to measure the remaining production capacity of firms immediately after the disaster, which
describes the importance of each lifeline in supporting firms’ productivity. A quantitative
lifeline resilience factor estimation model is proposed and applied to a real post-disaster case
study for the first time. A comparison is made between the manufacturing and non-
manufacturing sectors since recovery varies depending on the resilience and vulnerability of
different sectors. Estimation results show consistency with the previous hypothetical disaster
survey data results and experts' opinion-based results. Chapter 4 describes the post-disaster
recovery ability by proposing a methodology to estimate the recovery curves, which is
conditional on the initial production capacity rate and lifeline supply status. The proposed
model is validated through a post-disaster recovery case study commenced after the 2016
Kumamoto earthquakes. In this research, the production capacity recovery is modeled via a
multi-state semi-Markov model for the first time. The relevant determinants are considered in
the recovery function through the adaptation of a regression model for the sojourn time. The
influencing factors, including initial production capacity damage rates and lifeline supply
status (i.e., electrical power supply, water supply, and gas supply), are considered in the
recovery function in comparison to various industrial sectors. Chapter 5 estimates the
production capacity loss rate due to disasters by adopting the new resilience estimating
methodology in Chapter 3 and the recovery function in Chapter 4. In this case, the overall
economic impact due to the disaster can be assessed, and the applicability of the proposed
methodology can be identified. Also, the validation is done by comparing the estimated results
to the observed index of industrial production and the existing research. Chapter 6 summarizes
the main findings of the research and provides strategies for improving resilience in industrial




sectors in case of future hazards. Also, the limitations of this research are discussed, and the
subsequent steps in future work. Overall, this thesis has significant importance in estimating
economic resilience in industrial sectors to natural hazards.

The contributions of the thesis include 1) Empirically estimating the lifeline resilience to
disasters; 2) Modeling the stochastic recovery process for the first time; 3) Quantitively
estimate the economic impacts due to disasters; 4) Building resilience through providing
empirical evidence. Besides, the findings of the thesis stress the lifeline disruptions could
cause huge indirect economic losses after disasters. The importance of lifeline disruptions
varies in different industrial sectors because of the characteristics and recourses requirement
differences. Also, the findings highlight that building resilience is essential to the global goals
of reducing economic losses due to natural disasters.
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