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Natural disasters can cause major technological accidents resulting in fire, explosion or
hazardous materials releases. Such jox;nt events are called Natech accidents. The severe
consequences of Natech accidents may risk the lives and properties of the residents living in
proximity to the Natech disaster. In Europe, the issue of Natech is now cons@déred as an “emerging
risk”. However, Natech is a relatively new area in Japan, even though several major Natech events
occurred during the Great East Japan Earthquake and Tsunami (GEJET). Natech research has so far
focused on analyzing the impacts of earthquake and to some extent hurricane and tsunami hazards
on individual equipment components such as storage tanks and pipglines. The studies pertaining to
protect residents living in vicinity to the Natech hazard are limited. The goal of this study is to
advance our knowledge of households’ protective behavior in response to the Natech accident. Three
research objectives were proposed to understand their protective actions before, during and after
evacuating for the Natech accident. The three research objectives are as follows: (1) Examining
household risk perception and bebavioral response to the Natech accident; (2) Analyzing the
logistics of household evacuation during the Natech accident; and (3) Understanding household

reentry timing after evacuating for the Natech accident.

To pursue the obj ectives, a series of field visits, interviews and a random household mail survey
were carried out in 2014. The mail survey was applied to households living within a 2.5 km radius
from the location of the fires that occurmred at a refinery during the GEJET. A random, stratified
sample was taken of houscholds living within a certain distance from the Natech source. A total of
1,632 questionnaires involving 20 communities in ' Tagajo city and Shichigahama town were

effectively delivered. A total of 484 households responded, for a response rate of 29.7%.

This dissertation consists of eight chapters. Chapter 1 provides the general backgrounds of this
study, and infroduces the research objectives guided by sets of questions. The following chapter
provides a review of the releVanF literature, detailing the identified influential factors concerning
behavioral response to the disaster, evacuation logistics and reentry behavior. The third chapter
describes the methodology used to conduct this study, including the description of the study area,
data collection, sample characteristics, and the statistical techniques for data analysis. Chapter 4, 5
and 6 present the results in response to the thee objectives proposed in Chapter 1. Chapter 7

discusses the major findings, and Chapter 8 draws the conclusions of this dissertation.

. Chapter 4 discusses the first objective. The results show that the evacuation process following
the GEJET and the Natech accident involved multiple evacuations and the Natech risk perception

changed throughout the evacuation process. Comparatively low mean risk perception levels (in
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terms of perceived likelihood) occurred before the GEJET. Higher mean risk perception levels (in
terms of perceived severity) occurred when households perceived the Natech accident, while they
were staying at the first and second evacuation shelter, and when they received the actual Natech
evacuation order. Furthermore, I found that after perceiving the Natech threat, 32.4% of households
continued their normal activities without adopting any protective measures. Only 10.4% of them
evacuated immediately, whereas 34.5% of them adopted other protective actions instead. Several

factors were examined to explain the differences of risk perceptions and protective actions adoption.

Distance to the Natech accident was found to be one influential factor. For example, risk perception .

levels were found to decrease with distance to the Natech accident. Furthermore, I found that
households living closer to the Natech accident tended to evacuate immediately, whereas those living
further tended to shelter in place, after perceiving the Natech threat. Wind direction was found to be
another factor. The result revealed that households located to the leeward side (east) of the industrial
park had higher risk perception level and were more likely to evacuate. This may because during the
Natech accident the most frequent wind was northwest. Thus, households living in the eastside may
smell or see the smoke driven by the wind, so they may be more worried about their safety and
property. In addition, the significant positive relationship between risk perception and protective
actions for the Natech accident was found in this study. However, demographic characteristics were

found to have inconsistent or no correlations with risk perception and proiecﬁve actions adoption.

Chapter 5 examines houschold evacuation logistics in terms of departure time, transportation
use and shelter selection for the Natech accident (objective 2). The finding of departure time is
consistent with a former study on Hurricane evacuation which found most households left on the day
of evacuation order. However, a significant percent of households left. for the Natech accident before
authorities issued the evacuation order. For the transportation mode use, I found a large_group of
households evacuated for EQ and/or tsunami by foot; whereas driving personal car for the Natech
accident. Inconsistent with a former study on Hurricane evacuation, overwhelming majority of
evacuating households chose officially designated places as shelters. Furthermore, respondents’ age
and Jocations were.found to influence their departure time and the use of transportations. In addition,
1 also used mobilization time to explain household evacuation timing behavior. Inconsistent with a
former study, this study found that the level of perceived threat after receiviqg the evacuation order
led households to respond faster to the Natech threat. Another two findings pertaining to the
mobilization time based on household own judgment have not been examined in former studies. It
shows that older households and larger families were more likely to evacuate faster after perceiving
the Natech threat.
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Chapter 6 discusses the results of analyzing household reentry behavior (Objective 3). Former
studies concerning this research field are very limited, thus it is challenging to interpret the results of
this study. However, the findings of this study provide some insights into explaining household
reentry timing after evacuating for the Natech accident. The first finding is important because it
indicates the significant role of higher risk perception in decreasing early reentry. Thus, future
research should explore the ways to increase evacuees’ risk perception to prevent early reentry.
Consistent with former study of Chlorine Spill evacuation, households living in proximity to the
hazard tended to return home later and spent more time on evacuation duration. The last finding
conceming the reentry behavior of old households is unexpected. The stronger ties to the original
places they lived did not motive the older groups to go back home early. Whether because of
physical condition or higher level of concerns to early-retum, future studies should be conducted to
identify the influential factors.

This study provides insights into the household evacuation and reentry behavior in response to a
Natech accident. Hazard researchers and emergency managers can benefit greatly from improved
knowledge about household protective actions throughout the Natech disaster. The findings of this
study can aid in creation of improved evacuation and reentry strategies to protect millions of
residents from the future Natech threats. ’
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