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(氏名: 子君語 NO. 1 ) 

Natural disasters can cause major 田hnρlogicalaccidents resulting in fire， explosion or 

hazardous materials rel<田ses.Such j oint events are called Nat田haccidents.τ'he severe 

consequences of Nat配 haccidents may risk the lives and properties of the residents living in 

proximity to the Natech disaster. In Europe， the issue of Natech is now considered as an "e田 rging

risピ.However， Natech is a relatively new area in Japan， even though several major Natech evenお

occurred during the Great East Japan E紅白quakeand Tsunami (G日E巧.Nat田hresearch has so far 

focused on ana1yzing the impacts of ear也quakeand to some extent hurricane and tsunami hazards 

on individ田 leq凶pmentcomponents such as storage tanks and pipelines.τ'he s同di田 perta加泊.gto 

prot田tresidents living in vicinity to也eNatech hazard are limited. The goal of白isstudy is to 

advance our knowledge of households' prot田tivebehavior in rl岱ponseto the Nat<田 haccident. Three 

res回 rchobjectives were proposed to understand血.eirprotective actions before， during and after 

evacuating for the Nat田haccident.τ'he由re唱 r白問問hobjectives are as follows: (I) Examining 

householdrisk perception and behavioral response to也.eNatech a∞ident; (2) Analyz泊g由e
logistics of household evacuation d町田g也.eNatech accident; and (3) Understanding household 

reentry timing after evacuating for the Natech accident. 

Top町'sue也eobj田tives，a sぽiesof field visits， interviews and a random household mail s町田y

were 田町iedout加2014.τ.hemailsぽveywas applied to households living within a 2.5加lradius

企omthe location of也e曲目白紙 occurredat a re血leryduring the GEJET. A random，拘置tified

sample was taken of households living within a certain distance from the Natech source. A total of 

1，632 qu目白血自由 involving20 communities泊 Ta剖ocity and Shichigahama town were 

e自己ctivelydelivered. A total of 484 households responded， for a response rate of29.7%. 

This dissertation consis包 ofeight chapters. Chapter 1 provid田 thegeneral backgrounds of血is

s知dy，and in仕oducesthe research objectives guided by se旬。fquestions. The following chapter 

provides a review of也erelevant literature， detailing白eidentified influential factors concerning 

behavioral r'凶:ponseto也edisaster， evacuation logistics組 dreen町 behavior.The third chapter 

describes the methodology used to conduct this study， including the description of 1he study ar，田，

da包 collection， sample characteristics， and the statistical t田hniquesfor da泊 analysis.Chapter 4， 5 

and 6 pr'凶ent血er田叫臼 inresponse to也ethee objectives proposed in Chapter 1. Chapter 7 

discusses也.em司jorfindings， and Chapter 8 draws the conclusions of this dissertation. 

. Chapter 4 discusses the first objective. The results show血atthe evacuation proce坦sfollowing 

血eGEJET and出eNatech accident involved multiple 倒的回世onsand the Natech risk perception 

changed出roughoutthe evacuation process. Comparatively low mean risk perception levels {in 
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NO.1) 

Natural disasters can cause major technological accidents resulting in fire, explosion or 

hazardous materials releases. Such j oint 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~dered 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 (GEJE1). 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 pipelines. 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: (I) Examining 

household risk perception and behavioral 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 objectives, a series offield 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 occurred at a refinery during the GEJET. A random, stratified 

sample was taken of households 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 of29.7%. 

This dissertation consists of eight chapters. Chapter I provides the general backgrounds of this 

study, and introduces the research objectives guided by sets of questions. The following chapter 

provides a review of the relevan~ 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 I. 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 



(氏名z子君霧 N O. 2 ) 

旬:rms'Of perceived Jikelih'O'Od) 'Occurred bef'Ore也eGEJET. Higher mean risk percepti'On levels (in 

terms 'Of perceived severity) '0∞urred when h'Ouseh'Olds perceived也eNa肱 haccident， while they 

were staying at the伽 t副蹴'Ond'evacuati'On由 :lter，and when they received the actual Natech 

evacuati'On 'Order. Fur也erm'Ore，1 f'Ound也前afterperc.eiving也.eNatech由r田t，32.4% 'Ofh'Ouseh'Olds 

c'Ontinued their n'Ormal activiti田 with'Outad'Opting any pr'Otective measures. Only 10.4% 'Of them 

evacuated immediately， whereas 34.5% 'Of them ad'Opted 'Other pr'Otective acti'Ons instead. Several 

fact'Ors were examined t'O explain也edifferences 'Of risk percepti'Ons and pr'Otective acti'Ons ad'Opti'On. 

Distance t'O白eNat，田haccident was f'Ound t'O be 'One influe平ialfact'Or. F'Or example， risk percepti'On 

levels were f'Ound t'O decr回 sewi也 distancet'O也eN atech accident. Furtherm'Ore， 1 f'Ound that 

h'Ouseh'Olds living cl'Oser t'O也.eNatech accident tended t'O evacuate immediately， whereas也.'Oseliving 

fur也ertended t'O shelter in place， after perceiving the Natech伽 eat.Winddi悶 ti'Onwas f'Ound t'O be 

an'Other fact'Or.τbe result revealed也ath'Ouseh'Olds located t'O the leeward side (聞は:)'Of the indus凶al

park had higher risk percepti'On level and were m'Ore likely t'O evacuate. This rnay beca凶 eduring血e

Nat田haccident the m'Ost frequent wind was n'Orthwest.百.us，h'Ouseh'Olds living in the問自idernay 

S田 II'Or s田 thesm'Oke driven by the wind， S'O they rnay be m'Ore w'Orried ab'Out their safety and 

pr'Operty. fu additi'On，也eSI伊i自白ntp'Ositive relati'Onship between risk perc叩!i'Onand pr'Ot田 tive

acti'Ons f'Or the Nat，田haccident was f'Ound in白isstudy. H'Owever， dem'Ographic characteristics were 

f'Ound t'O have inc'Onsistent 'Or n'O c'Oπelati'Ons with risk percepti'On組 dprotective acti'Ons ad'Opti'On. 

Chapter 5 examines h'Ouseh'Old evacuati'On l'OgiSticS in terms 'Of departure time，国nsp'Ortati'On

use and shelter selecti'On f'Or血eNatech accident ('Objective 2).τbe finding 'Of departure time is 

c'Onsistent with a f'Ormer study 'On Hurricane evacuati'On which f'Ound m'Ost h'Ouseh'Olds left 'On the day 

'Of evacuati'On 'Order. H'Owever， a si伊i五cantpercent 'Of h'Ouseh'Olds left. f'Or也.eNatech accident bef'Ore 

au也'Oriti凶 issued血eevac田.ti'On'Order. F'Or the凶 nsp'Ortati'Onm'Ode use， 1 f'Ound a large、gr'OUp'Of 

h'Ouseh'Olds evacuated f'Or EQ and/'Or tsunami by f'O'Ot; whereas driving pers'Onal car f'Or the Nat田h

accident. Inc'Onsistent wi白 af'Ormer study 'On Hurricane evacuati'On， 'Overwhelming rnaj'Ority 'Of 

evacuating h'Ouseh'Olds ch'Ose 'Officially d阻伊atedpla田sas shelters. F町也.erm'Ore，resp'Onden包 age

釦 dlocati'Ons were.f'Ound t'O influence their departure time and the use 'Oftransp'Ortati'Ons. In additi'On， 

1 als'O used m'Obilizati'On time t'O explain h'Ouseh'Old evacuati'On timing behavi'Or. Inc'Onsistent wi也 a

f'Ormer study，白isstudy f'Ound也atthe level 'Of perceived白血atafter receiving也.eevacuati'On 'Order 

led h'Ouseh'Olds t'O resp'Ond faster t'O也.eNat配 hthreat. An'Other tW'O findi且gsper匂iningt'O the 

m'Obilizati'On time based 'On h'Ouseh'Old 'Own judgment have n'Ot been examined in f'Ormer studies. It 

sh'Ows白紙'Olderh'Ouseh'Olds and larger families were m'Ore likely t'O evacuate faster after perceiving 

血.eNat田 h血r田 t

(氏名z子君語 N O. 3 ) 

Chap旬:r6 discusses the res叫包'Ofanal戸時h'O凶eh'OldreeD町 behavi'Or(Obj回世ve3). F'Ormer 

studies c'Onceming this research field釘'every limited， thus it is challenging t'O interpret the r，醐l臼'Of

也isstudy. H'Owever， the findings 'Of也isstudy pr'O吋des'Ome insights int'O explaining h'Ouseh'Old . 

胞団trytiming a食erevacuating f'Or the Nat田haccident. The first finding is impぽtantbecause it 

indicates出 significantr'Ole 'Of higher risk percepti'On泊 decr，伺singearly reeD町・百田， fut町e

research sh'Ould expl'Ore血.eways t'O increase e泊cuees'risk percepti'On t'O prevent early re即位y.

C'Onsistent with f'Ormer study 'Of Chl'Orine Spill evacuati'On， h'Ouseh'Olds living in proximity t'O也e

hazard tended t'O retum h'Ome later and spent m'Ore time 'On evacuati'On durati'Onτbe last finding 

c'Oncerning也.ereentry behavi'Or 'Of 'Old h'Ouseh'Olds is unexpected.τbe s住'Ongerties t'O the 'Original 

places也.eylived did n'Ot m'Otive the 'Older gr'Oups t'O g'O back h'Ome early. Whether because 'Of 

physical c'Onditi'On 'Or higher level 'Of c'Oncぽnst'O田rlyre加rn，fuωre studies sh'Ould be c'Onducted t'O 

identify the influential fact'Ors. 

百 isstudy provides insigh臼 int'O也eh'Ouseh'Old evac回世'On阻 dreentry behavi'Or in resp'Onse t'O a 

Natech a∞ident. Hazard r，回目抽出 andemergency rnanagers can benefit greatly企om出pr'Oved

kn'Owledge ab'Out h'Ouseh'Old pr'Otective acti'Ons thr'OUgh'Out也eNatech disaster.τbe findings 'Of白is

s加dycan aid in creati'On 'Of impr'Oved evacuation and reenl町 s回 te原田 t'Oprot田tmillions 'Of 

residents企'Omthefu旬reNatech由rea'飴.

NO.2) 

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 fITSt and second . evacuation shelter, alld when they received the actual Natech 

evacuation order. Furthermore, I found that after perc.eiving 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 influeqtial 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 tlireat. 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. ill 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 protective actions adoption. 

Chapter 5 examines household 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 locations were· found to influence their departure time and the use of transportations. In addition, 

I 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 receiving 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. 

NO.3) 

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 

concerning 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 return, 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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要 旨

自然災害は、火災・爆発・危険物漏洩などの大規模な産業事故を引き起こす可能性がある。このような

自然災害を起因として引き起こされる複合的な事象を、 rNatech accidents (自然災害起因の産業事故)J 
と呼ぶ。この自然災害起因の産業事故による深刻な事態は、周辺に在住する住民の生命、財産への脅威と

なる。しかしながら、現在、この事態に対する住民の対応行動(避難、退避等)については、過去の事例

調査がなされているものの、住民の意識や地理的・居住者属性等の要因について体系的な分析が十分には

行われておらず、限定的な知見しか得られていない。

この研究は、自然災害起因の産業事故に対する住民の対応行動について、 (1 )自然災害に起因する産
業事故へのリスク認知(特定の事故の発生確率についての主観的評価)と対応行動の関係、 (2)自然災
害起因の産業事故発生中の避難・誘導手法、 (3)自然災害起因の産業事故による避難後の元の住宅への
帰還、についての知見を得ることを目的としている。以上の研究の背景及び研究目的を第1章に示し、第
2章に既往関連研究について取りまとめている。 、J 

第3章では、この製油所での自然災害起因の産業事故の発生状況を示すとともに、この研究目的のため

のケー地震スス・;津タ設デにィによる研究方法を示している。具体的には、 2011年3月11日に発生した東北地方太平
洋沖 よって引き起こされた仙台石油コンビナート地区の製油所での自然災害起因の産業事故

(以下、東日本大震災による産業事故事例と称する。)にともなう影響を受けた地域住民への無作為抽出

によるアンケート調査の実施方法を示している。アンケートの調査票は、避難勧告が出‘された2kmの範
囲を念頭に、製油所周辺め住宅が存在する 1km-2.5 kmの範囲の20地域(自主防災組織のエリア)に
1，632票配布し、回収率は29.4%であった。
第4章では、自然災害に起因する産業事故ヘリスク認知と対応行動の関係について、東日本大震災によ
る産業事故事例により、以下のように示している。東日本大震災による産業事故事例では様々な避難形態

がとられ、避難過程において産業事故へのリスク認知は変化していったことを明らかとしている。東日本

大震災の発生前は比較的低いりスク認知であり、地震後、産業事故の発生に気づいた時の人々のリスク認

知は高くなり、一番目及び二番目の避難先である避難場所、及び、避難指示を受け取った時には継続して

リスク認知は高かったこと、さらに、リスク認知が高ければ避難行動を促進したことを示している。

第5牽では、自然災害起因の産業事故発生中の避難・誘導手法について、東日本大震災による産業事故
事例により、以下のように示している。産業事故発生の場所への近さは、避難率の上昇、避難開始時間の

短縮に重要な影響を与えること、また、元の住宅への帰還率を下げることを示している。さらに、風向は

リスク認知や避難行動に影響を与え、産業事故が発生した製油所から風下側(東側)では、リスク認知が

高く、より避難する傾向があることを示している。

第6章では、自然災害起因の産業事故による避難後の元の住宅への帰還について、東日本大震災による
産業事故事例により、以下のように示している。性別、年齢、家族人数や居住年数等の個人属性は、避難

行動には大きな影響を与えていないが、高齢者の世帯では、産業事故への脅威に対して独自の判断で素早

く反応行動をとっていること、また、元の住宅への帰還については若い世代の世帯よりも、高齢者の世帯

は遅くなる傾向があることを示している。

氏名 YuJ叫 d仔君霧)

第7章では、以上で明らかとした知見から、自然災害起因の産業事故による避難及び元の住宅への帰還に
関して、関係する世帯とのリスク・コミュニケーションを改善する必要があることを示しでいる。産業事故

の発威を感じた際、多くの世帯ではすぐには避難せず、その他の対応行動を取っている。そのうち 12%の回
答渚は、さらに関連情報を得ようとしているが、日本では化学工業事故に対する対応行動のあり方について、

石泊白ンビナート周辺地域の世帯には十分な情報提供がなされておらず、地震による作学工業事故について

は更仁ほとんど情報提供がなされておらず、関連情報を得ることは困難であることを指摘している。避難を

した世帯のうち 40%は公的な避難指示が解除となる前に元の住宅に帰還しているが、住宅の状態が気になっ
治三必を主な理由としており、避難した世帯のある地域の被災状況を伝えておくことは、解除前の帰還を防

止するうえで有効である。

以上の各章を通じ、この研究は、自然災害起因の産業事故による避難及び帰還に影響を与えるリスク認知、

地理的・居住者属性等の要因について明らかとしている。ここで得られたデータは、今後の自然災害起因の

産業事故による避難・帰還計画の立案に活用が可能であり、重要な知見を得たものとして価値ある集積であ

る。提出された論文は工学研究科学位論文評価基準を満たしており，学位申請者のYuJunlei(子君掃は，
博士(学術)の学位を得る資格があると認める。
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