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R輌sk　analytScaM　study　on亙nd腿strial　safety　risk

imm腿1tinationa盈raw　materials　manufac舳血g

Abstract
By　constructing　a　risk　model　fbr　estimating　the　risks　involved　in　industrial　safety，　and

by血vestigatmg　and　analyzing　the　obtained　results，　areas　that　should　be　considered　as

priorities　in　risk　reduction　are　clarified．

There　are　several　methods　fbr　considering　risk．　According　to　the　ISO／］［EC　Guide　73

Definition　3．1．1“Risk　management－Vbcabulary－Guidelines　fbr　use　in　standards”，

risk　is　defined　as　the　combination　of　the　probability　of　an　event　and　its　consequences．

With　respect　to　safety，　risk　is　defined　as　the　combination　of　the　probability　of

occurrence　of　harm　and　the　severity　of　the　harm，　where　harm　i　s　physical　injury　or

damage　to　the　health　of　people，　or　damage　to　property　or　the　environment（ISO／IEC

Guide　51）．

　In　the　present　stUdy，　the　risks　involved　m　industrial　safety　are　classified　into　five

categories：fire　and／or　explosion，　strong　winds，　flooding，　lightning，　and　earthquake．

As　a　specific　example，　the　risks　related　to　industrial　safety　in　raw　materials

manufactUring　are　considered．　A　risk　model　was　constmcted　in　which　Poisson

distributions　were　adopted　fbr　the　frequency　of　hamfUl　events　and　exponential

distributions　were　adopted　fbr　the　scale　of　damage．　The　risks　that　should　l）e　handled　and

the　appropriate　measures　are　clarified．

Simulation　using　a　Monte　Carlo　method　was　performed　using　a亘sk　model

inc。rP。rat血g　each・f　the・btained　pa・am・ters，　as　explained　ab・ve．　Crystal　Bal1TM

software　was　used　fbr　simulation．

　　For　the　survey　of　the　present　study，　the　simulation　results　indicate　that　the　reduction

of　the　risks　associated　with　fire　and　explosion　was　taken　as　a　priority，　thereby　enabling

the　effective　reduction　of　risks　fbr　industrial　safety　in　multinational　raw　materials

manufactUring．
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¢hapter　1

1　1ntroduction

in　the　present　paper，　a　risk　estimation　model　is　constructed　fbr　industrial　safety　in　raw

materials　manufactUring　in　Japan，　Asia（excluding　Japan），　and　Europe．　Businesses　must

deal　with　various　types　of　risk，　and　given　the　finite　nature　of　their　resources（people，

materials，　money，　etc．）；measures　to　handle　higher　risks　first　are　sought．

However，　rather　than　reducing　industrial　safety　risks　by　taking　a　long－term　perspective

alld　considering　which　risks　to　prioritize，　risks　have　generally　been　dealt　with　by

formulating　policies　that　deal　with　recently　experienced　damage．　For　example，　if　a

l）usiless　experiences　a　fire，　then　the　l）udget　fbr　the　next　year　is　redressed　in　order　to

curtail　the　risk　of　fire，　or，　if　a　region　experiences　an　earthquake　and　incurs　damage，　then

the　budget　in　the　fbllowing　year　is　redressed　in　order　to　deal　with　earthquakes．　Rather

than　this　type・f　reactive　strategy，　under　n・㎜al　c・nditi・ns・pr・active　p・1icies　a・e

desirable，　but　this　requires　an　understanding　of　the　various　risks　and　the　magnitude　of

each　risk　from　a　long－term　perspective．

As　a　specific　example，　a　risk　model　was　Constructed　related　to　industrial　safbty　in

multinational　raw　material　manufactUring，　adopting　Poisson　distributions　fbr　the

frequency　of　harmfU1　events　and　exponential　distributions　for　the　scale　of　damage．　The

risks　that　should　be　handled　and　the　appropriate　measures　are　clarified．　The　risks

associated　with　industrial　safety　were　classified　into　five　categories　according　to　the

event　that　occurs：fire　and／or　explosion，　strong　winds，　flooding，　lightning，　or　earthquake．

Parameters　obtained　from　these　investigations　were　used　in　the　models　for　each　of　these

risks．　The　comprehensive　perspective　obtained　in　this　ma皿er　effectively　clarified

which　risks　should　be　constrained．　　　　　　　　　　　　　　　　　　　　　　　　　　　・
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1．1Backg　round

In　the　management　of　organizations，　the　evaluation　of　each　of　many　existing　risks　is　an

extremely　important　step　in　risk　analysis　for　establishing　risk　management　policies．】］n

particular，　the　risks　associated　with　industrial　safety　differ　from　tho　se　that　may　fluctUate，

such　as　exchange　rate　risks　and　business　risks，　and　risks　associated　with　industrial

safety　are　downside　risks，　which　may　only　fluctUate　downward　for　business．　S　ince　there

is　no　possibility　of　upward　fluctUation　for　business，　the　key　question　is　how　to　minimize

downward　fluctuation．　Regarding　the　characteristics　Of　risks　related　to　natUral　disasters，

in　panicular，　the　likelihood　of　occurrence　is　smal1，　and　such　risk　are　focused　in　both

duration　and　location（Kai，2006）．

In　order　to　curtail　risks　efficiently　and　effectively，　the　issue　when　tackling　risks　is

which　to　prioritize．　An　investigation　was　conducted　regarding　the　industrial　safety　ri　sks

of　fire　and　explosion，　earthquake，　flooding，　strong　winds，　and　lightning．　After　obtaining

acomplete　overview，　an　analysis　was　conducted　in　terms　of　events　and　region．

1．2Research　Objectives

The　primary　objective　of　the　research　described　in　the　present　thesis　is　to　examine　how

to　analyze　the　industrial　safety　risk　related　to　multinational　raw　material　s　manufqctUring．

This　obj　ective　can　b　e　broken　down　into　the　following　sub－goals．

●

●

●

Arisk　model　was　constmcted　fbr　industrial　safety　affecting　raw　materials

manufactUre　by　adopting　a　Poisson　distribution　fbr　the　frequency　of　accident

occurrence　and　an　exponential　distribution　fbr　the　scale　of　damage．

Parameters　were　determined　fbr　the　models　representing　the　risks　faced　by　raw

materials　manufacturing　due　to丘re　and／or　explosion，　strong　winds，　flooding，

lightning，　and　e　arthquake．

Monte　Carlo　simulation　was　conducted　using　the　obtained　parameters，　and　a　scatter

plot　was　created，　making　it　easy　to　understand　the　risks　visually．
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● The　areas　that　should　be　considered　as　priorities　in　risk　reduction　are　clarified血1

raw　materials　manufactUring　by　constructing　a　risk　model　fbr　estimating　the　risks

involved　in　industrial　safety　and　by　investigating　and　analyzing　the　obtained　results・

1．3Research　Approach

An　investigation　and　analysis　of　industrial　safety　among　raw　material　s　manufacturers，

including　subsidiaries　in　Japan，　Asia，　and　Europe，　fbr　example，　covering　101　sites，　was

conducted．　Parameters　fbr　risk　models　may　be　obtained　using　experiellce－based

methods，　theoretical　methods，　accident　case　databases，　and　so　on，　but　response　data

from　questiormaires　regarding　past　accidents　and　damage　occurring　in　the　workplace

were　adopted　in　the　present　investigation．　Specifically，　a　survey　regarding　the丘equency

of　accidents　and　the　scale　of　damage　occurring　in　the　five　categories　of　fire　and／or

explosion，　strong　winds，　flooding，1ightning，　and　earthquakes　was　conducted　at　each

place　of　business，　covering　the　10　years　since　1995．　Regarding　the　scale　of　damage，　a

summation　method　based　on　the　scoring　system　was　adopted

Regarding　the　specific　methods　used　to　conduct　the　survey，　a　quantltatlve

questio皿aire　covering　the　history　of　accidents　and　their　types　and　scales　of　damage　was

delivered　by　the　head　offices　of　raw　materials　manufacturing　firms　for　each　factory　and

the　associated　company　Administrative　and　business　offices　not　directly　related　to

production　were　excluded　from　the　survey　The　head　offices　themselves　requested　this

survey，　and　a　response　rate　close　to　100％was　obtained．　The　responses　were　sent　by

each　subj　ect　of　the　survey　to　his／her　head　office．　The　head　offices　confirmed　the　content

of　the　responses，　and，　where　necessar）弓conducted　inquiries　to　ensure　accuracy．

1．40utline　of　Chapters

Chapter　2

　1n　this　chapter，　generally　available　databases　related　to　industrial　safety　are　considered

with　respect　to　the　industrial　safety　risks　associated　with　multinational　raw　materials

manufactUring．　These　risks　are　ran］（ed　and　compared　by　country，　and　the　potential　fbr

3



applying　generally　available　databases　related　to　industrial　safety　is　i皿vestigated．

Chapter　3

hthis　chapter，　a　risk　estimation　model　is　constnlcted　fbr　industrial　safety　in　raw

materials　manufacturing．　A　risk　model　was　constructed，　adopting　Poisson　distributions

fbr　the　frequency　of　harmfUl　events　and　exponential　distributions　fbr　the　scale　of

damage．　The　risks　that　should　be　handled　and　the　appropriate　measures　are　clarified．

The　risks　associated　with　industrial　safety　were　classified　into　five　categories　according

to　the　event：fire　and／or　explosion，　strong　wind，　flooding，1ightning，　or　earthquake．

Parameters　obtained　from　investigations　were　used　in　the　models　for　each　of　these　risks．

The　comprehensive　perspective　obtained　in　thi　s　manner　effectively　clarified　which　risks

should　be　constrained．

There　are　several　types　of　research　methods，　including　interviews　and　fbcus　groups，

questio皿aires，　secondary　data　and　documentary　sources，　p　articipant　ob　servation，　and

action　research．　For　the　present　study，　questio皿aires　are　the　most　suitable　due　to　the

fbllowing　reasons．

●

●

●

●

●

●

The　targets　are　widely　dispersed．　　　　、

The　targets　have　already　l）een　identi丘ed．　　　　　　　　、

There　are　no　usefu1　secondary　data　and　do　cumentary　sources．

The　respondents　can　ask　a　questiol1（s）by　e・・mai1，　if　they　so　wish．

Ol）servation　does　not　directly　reflect　the　industrial　safety　situation　especially

damage　sitUation．

Time　and　cost　efficiency　have　to　be　considered．

Chapter　4

Responses　were　obtained　fbr　at　total　of　101　sites：58　sites　in　Japan　and　43　sites

overseas．　Among　the　overseas　sites，19　were　in　Asia，19　were　in　Europ　e，　three　were　in

the　US，　and　two　were　in　Russia．　Regarding　their　scales，31　sites　had　over　500

employees，39　sites　had　between　100　and　500　employees，　and　31sites　had　less　than　100
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employees．

Monte　Carlo　simulation　was　conducted　using　parameters　obtained　in　this　Chapter　to

investigate　the　industrial　risk　in　multinational　raw　materials　manufactUring．　In　the

discussion，　risk　model　validation，　the　effect　of　human　damage　evaluatiQn　on　the　scale　of

damage，　and　the　significance　ofusing　risk　theory　are　reviewed．

Chapter　5

This　chapter　presents　conclusions．

ln　conclusion，　the　fbllowing　items　were　achieved

●

●

●

②

Arisk　model　was　constructed　fbr　industrial　safety　affecting　raw　materials

manufactUring　by　adopting　a　Poisson　distribution　fbr　the　frequency　of　disaster

occurrence　and　an　exponential　distribution　for　the　scale　of　damage．

Parameters　were　determined　for　the　models　representing　the　risks　faced　by　raw

materials　manufacturing　in∫apan，　Asia　and　Europe　due　to　fire　and／or　explosion，

strong　winds，　flooding，　lightning，　and　earthquake．

Monte　Carlo　simulation　was　conducted　using　the　obtained　p　arameters，　and　a　scatter

plot　was　created，　making　it　easy　to　understand　the　risks　visually．

The　areas　that　should　be　considered　as　priorities　in　risk　reduction　are　clarified　in

raw　materials　manufactUring　in　Japan，　Asia　and耳urope　by　constr　lcting　a　risk

model　for　estimating　the　risks　involved　in　industrial　safety　and　by　investigating　and

analyzing　the　obtained　results・

Chapter　6

FutUre　research　and　scientific　value　of　the　present　stUdy　are　described．　The

clarification　of　tolerable　risk　range　and　application　to　other　industries，　fbr　example，　are

mentioned　as　future　research　areas．　Finally，　the　scientific　value　of　the　present　study　is

described．
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¢kapter　2

2Comparison　of　existing　databases　of　natural　hazards　and　industrial　accidents

2．11ntroduction

For　business　strategy　in　multinational　businesses，　it　is　cnユcial　to　grasp　the　risks　related

to　industrial　safety　in　countries　in　Which　production　sites　are　located．　In　such　operations，

it　is　necessary　to　consider　various　factors，　including　the　procurement　of　primary

materials，　the　securing　of　a　workfbrce，　and　changes　in　distance　to　market（Table　2．1）．

These　factors　must，　of　course，　be　considered　with　respect　to　industrial　safety　risks．

Regarding　country－specific　industrial　safety　risks，　while　there　are　databases　prepared　by

intemational　organizations　and　reinsurance　companies，　among　others，　on　the　Intemet

that　have　been　made　public，　the　extent　to　which　these　data　can　be　used　to　estimate　the

industrial　safety　risks　during　Production　activity　in　actual　businesses　is　unclear　In　this

chapter，　generally　available　databases　related　to　industrial　safety　are　considered　with

respect　to　the　industrial　safety　risks　associated　with　multinational　raw　materials

manufactUring．　These　risks　are　ranked　and　Compared　by　country，　and　the　potential　fbr

applying　generally　available　databases　related　to　industriε』1　safety　is　investigated．
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Tab　le　2．1 Example　ofbusiness　risk　criteria（Noguchi，2003a）

Criteria Example　of　risk

Damage　type Environmental，　Occup　ational　accident

Business Commercial，　Bank（Processing　industry　risks）

Service／Product Financial　risk

Effect　of　damage Fire，　Explo　sion，　Structural　damage，　P　lant　trouble

Hazard Earthquake，　Typhoon，　Storm　and　flooding，　Abnormal　drought，

Lightning，　Hazardous　materials，　Environmental　pollution

Treatment War／Civil　war／Coup　d’etat，　Economic　turmoil，　Foreign　currency

shortage，　Investment　risk，　Business　risk，　Exchange　risk，　R＆D

risk，　Country　risk，　Credit　ri　sk

Management

section　risks

Safety　and　accident　prevention，　Environmental，　Occupational

safety，　P　ersonal　affairs，　S　anitation，　Lega1，　Product　liability，

Major　customer　operation　suspension，　Bankruptcy，　Raw

material　shortage，　Fixer，　Public　relations，　Systems，　Clerica1，

New　products，　Leakage　of　secrets，　Whistle－blewing
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2．2Natural　disasters　around　the　world　and　the　circumstances　of　industrial

accidents

2．2、1Event－specific　industrial　safety　risks　according　to　EM－DAT

　　　The　database　EM－DAT　was　initially　established　with　the　support　of　the　Wbrld　Health

Organization（WHO）and　the　B　elgian　government　and　is　currently　maintained　and

managed　by　the　WHO　Collaborating　Center　fbr　Research　on　the　Epidemiology　of

　　Disasters（CRED）．　The　database　contains　more　than　16，000　disasters　that　occurred

　　between　1900　and　the　presellt　and　that　satisfy　at　Ieast　one　of　the　fbllowing　conditions：

　　　　●　100r　more　people　reported　killed

　　　　●　　100people　reported　affected

　　　　●　Acall　fbr　intemational　assistance　was　made

　　　　●　Astate　of　emergency　was　declared

EM－DAT　provides　info皿ation　regarding　intemational　disasters．

Figure　2．1　shows　the　numbers　of　natUral　disasters　that　occurred　between　1976　and

2005『by　country．　In　Figure　2．2，　the　proportipns　of　each　type　of　disaster　fbr　the　period

of　1974　to　2003　are　shown　by　United　Nations　sub－regiΩn．　The　types　of　intemational

disaster　covered，　presented　in　order　of　decreasing　number　of　incidents　since　1980，　are

Transport　Accidents，　Floods，　Wild　Storms，　Industrial　Accidents，　Epidemics，

Miscellaneous　Accidents，　Earthquakes，　Droughts，　Slides，　Extreme　Temperatures，　Wild

Fires，　Vblcanoes，　lnsect　lnfestations，　and　Wave／Surges（FigUre　2．3）．　Among　these，

Floods，　Wild　Storms，　Industrial　Accidents，　and　Earthquakes　have　a　sizeable　direct

influence　on　raw　materials　manufactUring，　which　is　considered　as　a　type　of　enterprise．

Lightning　also　accounts　for　a　large　proportion　of　the　causes　of　Wild　Fires，　and　the

effect　of　Lightning　on　operations　cannot　be　ignored．　The　most　common　types　of

hldustrial　Accident　are，　in　order　of　decreasing　frequency，　those　involving　Explosion，

Fire，　Collapse，　Gas　Leak，　Poisoning，　Chemical　Spi11，　and　Radiation．　Explosion　and

Fire，　in　particular，　account　fbr　71．1％ofIndustrial　Accidents（Figure　2．4）．
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Figu　re　2．1　Number　of　natUral　disasters　by　country：i967－2003（CRED，2007）
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Figure　2．2　Proportions　of　disaster　type　by　United　Nation　Sub－Regions（EM－DAエ

2007）
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Figure　2．3　　Number　of　natural　disasters　and　industrial　accidents　occumng

inteniationally（between　January　I　900　and　October　2007）

（EM－DAr：OFDA／CRED　lltenlationa］Disaster　Database

Universit6　Catholique　de　Louvain－　Brussels－Belgium）

一 www．em．dat．net一
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Figure　2．4　　Proportion　of　industrial　accident　types　occurring

（between　2000　and　2007）

（EM－DAr：The　OFDA／CRED　lnternational　Disaster　Database－

Universit6　Catholique　de　Louvain－Brussets－Belgium）

around　the　world

www．em－dat．net一
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2．2．21ndustrial　safety　risks　by　incident　type　according　to　NATHAN

NATHAN（Natural　Hazards　Assessment　Network）is　a　database　that　is　maintained　by

the　Munich　Reinsurance　Company　of　Gennany．　NAI「HAN　catalogs　major　disasters　that

llave　occu1Ted　sillce　I　980　and　currently　includes　over　20，000　incidents．

Nur1‘bCrOIorVCd1【S

14

’2

1師

B

4

？

19部　　　　　　1955　　　　　1950　　　　　1能5 1970　　　　　　1975　　　　　　1螂　　　　　　1985　　　　　　1990　　　　　　1996　　　　　　Z別　　　　　　2eコ5

■Gf・：，ph・，＄〒ca］eventa

　　Ffirthquユトe．∨olcnniCerl」PhOLI

■Mc《eOrcl．コglcn‘en’edltrJ

　　Tr叩iこnl図orm．　Wn＄Cr：10rtn．

　　s已vetev’gaThete・’eF，T．’迫il．

　　tOtnad㎏、［．㌦：剖5」コrm～

■HvCtnd｝こ・9i〔a｜ロv己m5　　　　　　　　　　－Trend
　　S〈ermfurfie，　rソve州ウod，enEnfleoa．

　　mnSsmOvさmea±〔1翫dε‘‘d帥

　　c【±nl日lolロgicコ） orcr、‘s

　　Free：e，　wiltitG⊂‘d　fire，由Cug‘1t

Figure　2．5　Great　natUra1　catastrophes（Munich　Reinsurance　Company，2007）

According　to　NArHAN，　between　1950　and　2006，　the　world　experienced　277　Great

natural　catastrophes．　Among　these，40％were　Meteorological　events　such　as　Tropical

storms　and　winter　stonns，29％were　Geophysical　events　such　as　Earthquakes　and

volcanic　emptions，25％were　Hydrological　events　such　as　Stom　surges　and　River

floods，　and　6％were　climatological　evcnts　such　as　Freezillg　and　Drought．　The　trends　ill

the　number　of　occurrences　of　Great　natural　catastrophes　between　l　950　and　2005　are

shown　in　Figure　25．

Defmltion　of　Great　natural　catastrophes　is　as　fbllows．

　　　Jn～∫’7四励Un　ited　Nat’Oi’iS　dqfi〃〆iio／7∫，　ncl伽α／catasn’ophes‘〃e　cla∬tfied　as

　　　　　‘ξ’セαビヅ〃ie　qffected　i’egiO’i　19　abilit）」’0／leiρ　itse〃is　clea’かO・・el：st’etched　a〃d

　　　Sltρi’a”egion　ctl　or　i〃tel・ncttio〃a～0∬加α〃ce・is”eqtti”ed．　As　a川te，　r／lis・is”le・case

　　　w／lell〃iei’e　ai’e　thoitsands　o．∫fbtalities，　ivlien　hitndreds　qfthousands　of’peopie　ai－e
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1e］7乃omele∬，　oγ　whθηoveγa11　lo∬θぷ一dependカlg　oηthe　economic　circu〃2stances

ofthe　co〃ntリノcoηcemed　一　and／oγカisured　Zossesα陀ofexceptioηα1proportioηs．

（Munich，　R．，　Co〃zpany，　TopゴcぷGθo・Natz〃α1　catas　trophes　2007Analyses，

α∬θ∬〃2θ川，1りoδ・itions，ノlvailablθat

httρ：／／w・…．　munichre．　co〃2イpublications／302－05699＿en．1フdf（2007，）．ノ

2．2．31ndustrial　safety　risks　by　incident　type　according　to　UNEP

UNEP　maintains　a　collection　of　cases　of　industrial　disasters　that　have　occurred　since

1970（http：／／www．unepie．org／pc／apell／disasters／1ists／disasterdate．html）．　Accidents　that

satisfy　the　following　criteria　are　included：

●

●

●

●

250r　more　deaths　or

125　or　more　injured；

10，0000r　more　evacuated　or

10，000　or　more　people　deprived　of　water．

The　infbmlation　sources　from　which　the　data　is　collated　include　OECD，　MHIDAS，

TNO，　SEI，　UBA－Handbuch　Stoerfaelle，　SIGMA，　and　press　reports．　The　data　was

assembled　by　UNEP　and　BARPI．　According　to　this　database，1270f　the　333　industrial

accidents　that　occurred　between　1970　and　1998　involved　explosions　and　166　involved

fire．　Thus，　the　proportion　of血dustrial　accidents　accounted　fbr　by　explosion　and丘re　is

88％．

2．2．41ndustrial　safety　risks　by　incident　type　according　to　UNDP

According　to　UNDP　reports，94％of　fatalities　due　to　natural　disasters　were　caused　by

fbur　typ　es　of　natural　disaster：earthquake，　tropical　cyclone，　flooding，　and　drought

（http：／／www．undp．org／cpr／disred／documents／publications／rdr／english／rdr＿english．pdf）．
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2．3Comparison　methods

2．3．1Countries　included　in　the　survey

The　countries　included　in　the　survey　were　chosen　as　those　countries　in　which

multinational　raw　materials　manufactUring　i　s　active　being　conducted，　fbr　cases　in　which

it　is　possible　to　collate　data　fbr　at　least　three　production　sites．　As　of　the　end　of　2007，　raw

materials　manufacturing　involved　as　many　as　30　co皿tries　and　op　erations　are　expanding

around　the　world．　Table　2．2　shows　the　specific　countries　included　in　the　investigation．

Table　2．2　　Countries　included　in　the　industrial　safety　survey

Number　of　sites　in　the　survey

Belgium 5

Czech　Republic 4

France 3

Indonesia 6

Italy 4

Japan 58

Thailand 3

USA 3
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2．3．21ndustrial　safety　risks　investigated　by　the　survey

Existing　databases　that　are　appropriate　for　general　use　include　EM－DAr　and　NATHAN，

but　the　categories　relating　to　industrial　safety　are　completely　uncoordinated，　and　there

are　also　cases　in　which　data　has　not　been　obtained．　Table　2．3　summarizes　the　criteria

related　to　industrial　safety　for　EM－DAT　and　NATHAN．

Acomparison　of　EM－DAT　and　NATHAN　from　the　perspective　of　a　survey　of

multinational　enteq）rises　reveals　that　they　hold　data　in　common　regarding　the　risks　of

earthquake，　flooding，　and　strong　winds．　A　comparative　investigation　of　these　databases

revealed　that　the　EM－DAT　data　uses　the　number　of　incident　occurrences，　while　the

NArHAN　data　uses　an　expression　fbr　the　risk　of　each　incident　as　the　probability　of

damage　to　the　country　as　a　whole　in　terms　of　surface　area，　or　the　probability　of　damage

affecting　the　coastline　or　rivers　in　terms　of　their　lengths．　There　are　limits　to　the　currently

available　data，　and　an　investigatio血and　comparison　by　co皿try　was　conducted　using

this　data　as　a　basis　according　to　the　method　stated　below．
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Table　2．3　Existence　of　comparable　data　in　each　database

Industrial　s　afety

incidents

EM－DAT　coverage NArHAN　coverage

Risk　offire／explosion Present（Explosion，

Fire）

No　data

Risk　of　earthquake Present（Earthquake） Present（Earthquake）

R．isk　of　flooding Present（Flood，

Wave／Surge，

Tsunami）

Present（Storm　Surge，

Flood，　Tsunami）

Risk　of　strong　winds Present（Cyclone，

Hunicane，　Sto㎜，

Tornado，　Tropical

Sto㎜，　Typhoon，

Winter　Sto㎜）

Present（Tropical

Sto㎜，　Winter　Sto㎜，

Tomado）

Risk　of　lightning No　data Present（Lightning）
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2．4General－use　country－specific　industrial　safety　information

safety　risks　in　multinational　raw　materials　manufacturing

and　industrial

Acomparison　was　made　regarding　genera1－use　country－specific　industrial　safety

information　and　industrial　safety　risks　in　multinational　raw　materials　manufacturing　for

the　countries　covered　by　the　survey，　that　is，　Belgium，　the　Czech　Republic，　France，

Indonesia，　Italy，　Japan，　Thailand，　and　the　USA．　The　industrial　safety　risks　investigated

include　an　amalgamated　country－specific　total　for　the　risk　of　earthquake，　flooding　and

strong　winds，　as　well　as　each　of　the　individual　risks　mentioned　above．

2．4．11ndustrial　safety　risks　for　each　country　according　to　EM－DAT

The　number　of　occurrences　of　earthquakes（Earthquake），　flooding（Flood，　Wave／Surge，

Tsunami），　and　strong　winds（Cyclone，　Hurricane，　Sto㎜，　Tomado，　Tropical　Storm，

Typhoon，　Winter　Sto㎜）were　ex廿acted　from　the　EM－DAr　Country　Profile　for　each

country　and　the　data　fbr　each　incident　was　then　extracted．　The　number　of元ncidellts

occurring　in　each　country　divided　by　the　area　of　the　country　was　taken　as　the　illdustrial

safety　risk　for　each　country，　and　the　results　arC　shown　in　Table　2．4（see　Appendix　A　fbr

details）．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　．
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Table　2．4　Risk　per皿it　area（incidents　per　1，000　sq㎞）for　each　country　based　on

EM－DAT　data

Earthquake Flooding Strong

Winds

Tota1

Belgium 0．066 0．655 0．655 1．376

Czech　Republic 0．000 0．101 0．038 0．139

France 0．002 O．051 0．080 0．133

Indonesia 0．063 0．048 0．005 0．116

Italy O．096 0．096 0．053 0．246

Japan 0．122 0．138 0．357 0．617

Thailand 0．002 0．117 0．056 0．175

USA 0．004 O．016 O．049 0．068

2．4．21ndustrial　safety　risks　for　each　country　according　to　NATHAN

The　six－grade　ranking　fbr　each　industrial　safety　risk，　which　expresses　the　level　of

danger　as　a　proportion　of　the　area　of　each　country，　or　the　length　of　its　coastline　or　rivers，

was　taken　as　a　score　and　multiplied　by　the　proportion　of　the　whoIe　area　or　the　whole

length．　In　the　case　of　flooding，　the　calculation　was　perfomaied　by　averaging　the　scores

as　sociated　with　Storm　Surge，　Flood，　and　Tsunami，　and　in　the　c　ase　of　strong　winds，　the

scores　associated　with　Tropical　Sto㎜，　Winter　Sto㎜，　and　Tomado　were　averaged（see

Appendix　B　fbr　details）．　The　industrial　safety　risks　fbr　each　country　according　to

NATHAN　are　shown　in　Table　2，5．
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Table　2．5　1ndustrial　safety　risks　for　each　country　according　to　NATHAN

Earthquake Flooding Strong

Winds

TotaI

Belgium 178．0 37．0 158．0 373．0

Czech　Republic 111．0 43．7 126．7 281．3

France 147．0 44．0 133．3 324．3

Indonesia 264．0 38．3 34．3 336．7

Italy 249．0 61．7 90．0 400．7

∫apan 410．0 88．7 123．7 622．3

Thailand 207．0 48．7 74．7 330．3

USA 194．0 36．0 113．0 343．0

2．4．3Risks　related　to　industrial　safety　for　countries　covered　by　the　survey　of　raw

materials　manufacturing

Table　2．6　shows　the　numbers　of　occurrences　of　injury－causing　accidents　and　incidents

associated　with　industrial　safety　due　to　earthquake，　flooding，　and　strong　winds，　per　site，

over　10　years，　fbr　each　of　the　co皿tries　covered　by　the　survey　of　raw　materials

manufactUring．
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Table　2．6　1ndustrial　safety　risks　associated　with　multinational　raw　materials

manufactUring　for　each　country　covered　by　the　survey

Earthquake Flooding Strong

winds

Total

Belgium 0 0．60 0 0．60

Czech　Republic 0 0．25 0 0．25

France 0．67 1．00 0．67 2．34

Indonesia 0 0．50 0 0．50

Italy 050 0 0 0．50

Japan 0．28 0．34 0、81 1．43

Thailand 0．67 0．33 O、33 1．33

USA 0 0．67 0 0．67

（Data，epresent　the　numbe，。f。ccu∬lnces。ve，1。years』achsite）
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2．5Results

For　each　data　set，　the　compounded　risk　fbr　each　country，　as　determined　by　summillg

the　risks　of　earthquake，　flooding，　and　strong　winds，　and　the　individual　risks　were　ranked

in　decreasing　order．　Despite　the　differences　between　the　absolute　values　of　the　risks　in

each　database，　it　was　possible　to　perform　rank　correlation　analysis．

The　rank　of　the　compound　indusnial　safety　risk　for　each　co皿try　is　shown　in　Table　2．7．

The　rank　of　the　risk　of　earthquake　fbr　each　country　is　shown　in　Table　2．8，　that　fbr

flooding　is　shown　in　Table　2．9，　and　that　fbr　strong　winds　is　shown　in　Table　2．10．
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Table　2．7　Rank　of　the　compound　industrial　safety　risk　for　each　country

EM－DAT NATHAN 　　Multinational　raw

materials　manufacturing

Belgium 1 3 5

Czech　Republic 5 8 8

France 6 7 1

Indonesia 7 5 6

Italy 3 2 6

Japan 2 1 2

Thailand 4 6 3

USA 8 4 4

Table　2．8　Rank　of　the　risk　of　earthquake　fbr　each　country

EM－DAT NArHAN 　　Multinational　raw

materialS　manUfaCtUring

Belgium 3 6 5

Czech　Republic 8 ・8 5

France 7 7 1

Indonesia 4 2 5

Italy 2 3 3

Japan 1 1 4

Thailand 6 4 1

USA 5 5 5

22



Table　2．9　Rank　of　the　risk　of　flooding　fbr　each　country

EM－DAT NArHAN 　　Multinational　raw

materials　manufactUring

Belgium 1 7 3

Czech　Republic 4 5 7

France 6 4 1

Indonesia 7 6 4

Italy 5 2 8

Jap　an 2 1 5

Thailand 3 3 6

USA 8 8 2

Table　2．10　Rank　of　the　risk　of　strong　winds　fbr　each　co皿try

EM－DAT NArHAN 　　Multinational　raw

materials　manufactUring

Belgium 1 1 4

Czech　Republic 7 ・3 4

France 3 2 2

Indonesia 8 8 4

Italy 5 6 4

Japan 2 4 1

Thailand 4 7 2

USA 6 5 4

The　correlations　among　the　compound　risks　determined　by　straightforward　summation

of　the　risks　of　each　type　of　incident，　the　risks　of　earthquake，　the　risks　of　flooding，　and

the　risks　of　strong　winds　were　analyzed　using　Spearman’s　rank．correlation　coefficient，

and　the　results　are　shown　in　Tab　le　2．11．
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TabIe　2．11 Speam　aan，s　rank－correlation　coefficient　for　the　two　databases

EM－DAT　vs．

NATHAN

　　EM－DAT　vs．

Multinational　raw

　　　materialS

manufactUring

　NATHAN　vs．

Multinational　raw

　　　materials

manufactUrin　g

Compound　risk 0．524 O．048 0．132

Risk　of

earthquake

0．786 一〇．064 0．102

R．isk　of　flooding 0．381 一〇．310 一〇548

Risk　of　strong

winds

0．619 0．536 0．069
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2．6Conclusions

As　shown　in　Table　2．12，　among　the　risks　calculated　from　the　data　available　in

EM－DAT　and　NATHAN，　the　value　of　the　square　of　Spearman’s　rank・・co汀elation

coefficient　exceeds　O．5，　revealing　a　comparatively　good　correlation　only　fbr　the　risk　of

earthquake．　A　significant　correlation　could　not　be　identified　in　any　other　case．　These

results　suggest　that　while，　in　general，　some　industrial　safety　incidents　that　reveal

comparatively　good　coherence　with　respect　to　industrial　safety　risks　can　be　fb皿d　in

publicly　available　databases，　existing　databases　can皿ot　necessarily　be　used　as　a　basis　fbr

determining　the　industrial　safety　risks　associated　with　individua1　enterprises，　in　other

words，　when　evaluathlg　the　industrial　safety　risks　fbr　each　country｛br　a　given

individual　enterprise　it　is　difficult　to　apPly　generally　available　industrial　safety　data　in

its　existing　ib㎜．　It　is　considered　that　for　a　given　enterprise，　by　using　infbmlation

conceming　incidents　in　each　region，　implementing　appropriate　countermeasures，　and

planning　in　order　to　reduce．　the　frequency　of　incidents　and　the　scale　of　damage　they

cause，　the　resulting　curtailment　of　risk　may　yield　a　difference　in　the　country－specific

data　f・r　general　types・f　incidents・In　additi・n・due　t・di蹴ences　in　the　c・11ati・n

o「b鰍?モ狽奄魔?刀C　differences　in　the　scales　of　theヰlcidents　of口1terest，　and　so　on・generally

available　industrial　safety　data　do　not　necessarily　yield　cgherent　industrial　safety　risks

fbr　each　country．
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Table　2．12　Square　of　the　Spearman　rank－correlation　coefficient　for　the　two　databases

EM－DAT　vs．

NATHAN

　　EM－DAT　vs．

Multinational　raw

　　　materialS

manufactUring

　NArHAN　vs．

Multinational　raw

　　　materialS

manufactUring

Compound　risk 0．275 O．002 0．017

Risk　of

earthquake

0．618 0．004 0．010

Risk　of　flooding 0．145 0．096 0．300

Risk　of　strong

winds　　　h

0．383 0．287 0．005
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CkaPter　3

3Analytical　approaches

3．1　1ntroduction

hthis　chapter，　a　risk　estimation　model　is　constmcted　fbr　industrial　safbty　in　raw

materials　manufacturing，　Businesses　must　deal　with　various　types　of　risk，　and，　given　the

丘nite　nature　of　their　resources（people，　materials，　money，　etc．），　measures　that　handle

higher　ri　sks　first　are　sought．

Howeveちrather　than　reducing　industrial　safety　risks　by　taking　a　long・・term　perspective

and　considering　which　risks　to　prioritize，　risks　have　generally　been　dealt　with　by

fbrmulating　policies　that　deal　with　recently　experienced　damage．　In　other　words，　a

poIicy　has　been　adopted　based　on　whether　a　business　experienced　an　outbreak　of　fire，

and　the　l）udget　fbr　the　next　year　is　redressed　in　order　to　curtail　the　risk　of　fire・

Altematively，　if　a　region　experiences　an　earthquake　and　incurs　damage，　then　the　budget

in　the　fbllowing　year　is　redressed　in　order　to　deal　with　earthquakes．　Rather　than　this

t）噌e　of　reactive　strategy，　under　norma1　conditions，　proactive　policies　are　desirable，　but

these　require　an　understanding　of　the　various　，risks　and　the　magnimde　of　each　risk　from

along－tem　perspective．　　　　　　　　　　　、、

As　a　specific　example，　the　risks　related　to　industrial　safety　in　raw　materials

manufacturing　are　considered．　A　risk　model　was　constnlcted　in　which　Poisson

distributions　were　adopted　fbr　the　f士equency　of　harmfUI　events　and　exponential

distributions　were　adopted　fbr　the　scale　of　damage．　The　risks　that　should　be　handled　and

the　appropriate　measures　are　clarified．　The　risks　associated　with　industrial　safety　were

classified　into　five　categories　according　to　the　event　that　occurs：fire　and／or　explosion・

strong　winds，　flooding，1ightning，　or　earthquake．　P　arameters　obtained　f士om

investigations　were　used　in　the　models　fbr　each　of　these　risks．　The　comprehensive

perspective・btamed　in　this　malmer　effe・tively　cla面ed　which　risks　sh・uld　be

constrained，

There　are　several　types　of　research　methods，　including　interviews　and　fbcus　groups，
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questionnaires，　secondary　data　and　documentary　sources，　p　articipant　ob　servation，　and

action　research．　For　the　present　study，　questionnaires　are　the　most　suitable　due　to　the

f（）llOwing　reaSOnS．

⑤

⑧

●

●

●

●

The　targets　are　widely　dispersed．

The　targets　have　already　1）een　identified．

There　are　no　useful　secondary　data　and　do　cumentary　sources．

The　respondents　can　ask　a　question（s）by　e－mail，　if　they　so　wish．

Observation　does　not　directly　reflect　the　industrial　safety　sitUation　especially

damage　situation．

Time　and　cost　efficiency　have　to　be　considered．

3．2Concept　of　a　risk　model

There　are　several　methods　of　considering　risk．　According　to　ISO／IEC　Guide　73

Definition　3．1．1“Risk　management－Vbcabulary－Guidelines　fbr　use　in　standards”，

risk　is　defined　as　the　combination　of　the　probability　of　an　event　and　its　consequences．

With　regard　to　safety，　risk　is　defined　as　the　combination　of　the　probability　of　occurrence

of　harm　and　the　severity　of　the　harm，　where　harm　is　physical　injury　or　damage　to　the

health・f　pe・ple，・r　damage　t・pr・pe牡y・r　the　envir・皿ent（ISO／IEC　Guide　51）・The

establishment　of　plans　regarding　risk　management　involves　risk　analysis，　ri　sk　treatment，

risk　acceptance，　and　risk　communication．　Risk　analysis　is　fUrther　divided　into　the　source

identification　and　risk　estimation．　For　risk　estimation，　it　is　desirable　to　grasp　both

quantitatively　and　qualitatively　the　certainty　ass・ci就ed醐a・isk’s　m紐i飴stati・n・r

P・・bability・f・ccuπence，　as　well　a・　the　magr・i加d・・f　a　risk　in　the　case　that　it　is

manifested．

Risk　analysis　meth・ds　in・lude　meth・ds　that　exp・ess　the丘equency・f・ccuπence　and

damage丘・m・a・risk’s　inHuence　as　a　matrix，　me也・ds　that　exμess　event　pr・babilities孤d

the　scale　oftheir　damage　as　a　sum，　and　methods　that　express　the　event　probabilities　and

the　scale　of　their　damage　as　a　product（Suzuki，2004）．　Figure　3．1，Figure　3．2，　and　Figure

3．3show　three　expressions　ofrisk
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Figure　3．1　Concept　of　the　matrix　method　ofrisk　expression
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Figure　3．2

Fre　uency　of　occurrence ＋匡亟鉋

Concept　of　the　sum　method　of　risk　expression

，魎一

　　Figure　3．3

Fre　uency・f・ccurrence×亟

Concept　of　the　product　method　of　risk　expression
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Here，　the　risk　associated　with　event　i　is　defined　as　the　product　of　the　distribution

fUnction　fbr　the　frequency　of　damage　that　occurs　and　the　distribution　fUnction　of　the

scale　of　the　damage，　i．e．，　the　distribution　fUnction　R，（xr）of　risk　xr　with　respect　to

event　i　is　defined　as　follows：

R∫（Xr）＝F，・（Xf）XDゴ（Xd），

F，（xf）：distribution　fUnction　for　the　frequency　ofharmfU1　event　i，

D∫（xd）：distribution　fUnction　for　the　scale　ofdamage　associated　with　event　i．
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3．3Distribution　function　forfrequency　of　events

Regarding　the　distribution　fUnction　fbr　the血equency　of　harmfUl　events，　in　general，

estimation　models　based　on　Poisson　distributions　and　negative『binomial　distributions

are　used（Iwaki，2005）．　Assuming　that　the　expected　value　of　the　binomial　distribution　is

fixed，　let　us　consider　the　Poisson　distribution　when　n　is　increased　to　infinity．

The　frequency　distribution　of　incidents　occurring　over　a　fixed　duration，　F，・（ノ’），is

given　by　the　fbllowing　equation：

呪⑤一θ|ヂ杉・

λτ：mean　value　of　the　frequency　of　the　harmf㎞1　events．
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3．4Distribution　function　for　scaie　of　damage

3．4．1Candidates　forthe　distribution　function　reflecting　the　scale　of　damage

Among　the　models　that　have　been　applied，　lognormal　distributions，　generalized　Pareto

dist伽tions，　gamma　distributions，　and　other　distributions　have　been　used　for　the

distribution　fUnction　reflecting　the　scale　of　damage（Nakagawa，2006）．　These　reflect　the

scale　of　the　damage　associated　with　the　incidents　that　occurred　over　a　fixed　period　of

time　as　a　disUibution　function　D～（Xd），each　of　which　is　described　in　Table　3．1．

With　a　logarithmic　distribution　or　gamma　distribution，　the　event　probability　does　not

reach　a　maximum　when　the　magnitude　of　the　damage　is　infinitesimally　close　to　zero』1

0ther　words，　if　these　distributions　are　adopted　as　distribution　fUnctions　fbr　the　scale　of

damage，　then　there　is　a　range　in　which　a　minor　incident　has　a　smaller　probability　of

occurrence　than　a　larger　incident，　i．e．，　there　is　a　point　of　inflection．

In　addition，　fbr　generalized　Pareto　distributions，　the　domain　of　definition　is　restricted

by　O＜a≦xd．However，　as　a　distribution　fUnction　fbr　the　scale　of　damage，　it　is

rational　fbr　the　distril）ution　to　be　a　continuous　function　rather　than　a　discontinuous

fUnction　when　minor　incidents　and　potential　incidents　are　also　considered．

On　the　other　hand，　according　to　a　mle　of　thumb　fbr　industrial　accidents　known　as

Heinrich’s　accident　ratio，　fbr　each　maj　or　ir加ry，　there　are　29　minor　irり’uries　and　300

non－inj　ury　accidents（ha㎜1ess　accidents　in　which　critical　damage　was　narrowly

avoided）．　In　addition，　Bird’s　accident　ratio　indicates　that　there　is　a　higher　frequency　of

incidents　of　less　significance　compared　to　ha㎜ful　accidents，　and　Tye－Pearson’s

accident　ratio　indicates　that　there　is　a　pyramid　structure　i皿which　s　erious　incidents，　such

as　fatal　accidents，　form　the　peak　and　non－injury　accidents　form　the　base（Everley，　2007）．

Figure　3．4　summarizes　the　events　that　occur　according　to　these　accident　ratio　s　and　the

corresponding　numbers　of　cases．

The　application　of　an　exponential　distribution　fUnction　fbr　the　scale　of　damage　was

verified　based　on　these　experimental　accident　ratios．　The　scale　of　damage　is　handled

using　an。rdered　segmentati。n。f　each。f　the　z・n・・int・a　single　regi・n，　and

non－parametric　analysis　was　applied．　Table　3．　2　shows　the　results　of　regression　anaIyses
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conducted　for　each　of　the　empirical　rul　es，　such　as　Heinrich’s　acci　dent　ratio，　applied　with

an　exponential　function．　These　results　indicate　that　an　exponential　distribution　is

applicable　fbr　the　distribution　ofthe　scale　of　damage．
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Table　3．1 Candidates　fbr　the　distribution　fUnction　reflecting　the　scale　ofdamage

Function　name Distribution　fUnction Notes

Lognormal

distribution

D，（Xd）＝
1

・xp

m｛ 1n（Xd）一μ、

x，辰7 2σ《

z］

Pt・・＝ln
m誌］－h［σ＋〆］・

μ：mean　value

σ：standard　variation

Generalized　Pareto

distribution

　　　　　　　　θaθ

D，（Xd）＝＝　θ＋l

　　　　　　　Xd

θ：shape　parameter

α：Iocation　parameter

Gamma　distribution

　　　　　　　β　x、α一’　exp（一一Xd／β）

D，（Xd）＝
r（α）

α：shape　parameter

β：scale　parameter

Exponential

distribution

Di（x・）－
求@exp（一；4）

β：mean　value　of　event

occurrences
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3．4．2Selection　of　an　exponential　function　for　the　scale　of　damage

This　section　presents　the　relationships　between　the　numbers　of　serious　accidents　and

less　significant　incidents，　beginning　with　Heinrich’s　accident　ratio．

●　　Heinrich’s　accident　ratio

Heinrich’s　accident　ratio　was　presented　in　1950　in　a　discourse　by　W　H　Heinrich　and，

as　stated　above，　relates　a　major　injury，　minor　injuries，　and　no　injury　accidents　in　the

ratio　1：29：300（Heinrich，1959）．

●　Bird’s　accident　ratio

Bird’s　accident　ratio　states　that　the　ratio　of　a　serious　or　disabling　inj　ury，　minor　inj　uries，

property　damage　accidents，　and　incidents　with　no　visible　injury　or　damage　is

1：10：30：600（Bird，1969）．

●　　Tye－Pearson’s　accident　ratio

Tye－Pearson’s　accident　ratio　states　that　the　ratio　of　a　fatal　or　serious　inj　ury，　minor

injuries，　first－aid　treatment　inj　uries，　propepty　damage　accidents，　and　near　misses　is

1：3：50：80：400（Tye　and　Pearson　1974／75）．　　　　　　　　　　　。

　Am砂jor　inj’Lのノis　any　case　that　is　reported　to　insurance　carriers　Oγ　to　the　state

compθnsation　co〃IM　i5・sioneK　A　minorカ77’uリノis・a　scrateh，　brui5・θ，　oγ　laceγation　sluch

a5・is　CO〃7〃ZO7め戊termed　aノ～rst－aid　case．ノ1　no－－inj’Uりノαα三ゴdent　is　an　unplanned　event

かivolving　the〃zovement　qゾaperson　o7・an　o～万θcちray，　or、∫ubstance↓irlip，ノbll，ノ2γ加g

o～万θc乙inhalation，　etcソ），　having　thejりrobabiliijイ（ゾcausing　pe，rsonal　injuりノor

2ワカqワ召亘γda〃刎9θ↓Reinrゴch，1959，）．

Aserious　or　disabling　injury，　as　described　in　Bird’s　accident　ratio，　refers　to　a　serious

accident　such　as　a　fatal　accident　or　an・event　that　will　have　enduring　aftereffects．　A

minor　injury　is　a　personal　accident　of　lesser　degree，　and　a　property　damage　accident　is
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an　accident　that　did　not　cause　personal輌ury　but　involved　physical　damage　such　as

broken　equipment．　An　incident　with　no　visible　irU’ury　or　damage　is　an　incident　in　which

no　harm　or　trouble　was　observed，　and　this　type　of　incident　corresponds　to　the　non－injury

accident　described　in　Heinrich，s　accident　ratio．

　Afatal　or　serious　ir肌ry　as　described　in　Tye－Pearson’s　accident　ratio　refbrs　to　a　case　of

extreme　damage　such　as　a　major　injury，　as　described　in　Heinrich’s　accident　ratio，　or　a

serious　or　disabling　injury，　as　described　in　Bird，s　accident　ratio．　A　minor　irU’ury　is　all

inju】ty　of　lesser　degree　and　refers　to　an　ir巾ry　other　than　a　first－aid　．injury．　A　first－aid

irU’ury　refers　to　a　personal両ury　of　extremely　light　degree　that　can　be　resolved　using　the

materials　in　a　first－aid　kit，　such　as　an　adhesive　plaster　A　property　damage　accident　is　an

accident　that，　as　in　Bird！s　accident　ratio，　did　not　involve　personal　injury，　but　ollly

material　damage，　such　as　broken　equipment．　A　near　miss　incident（non－irU台ury／damage

incident）is　an　incident　in　which　no　actual　ir加ry　or　dam．age　occurred，　but　which　could

have　been　linked　to　potential　damage　or　a　serious　accident．

　For　Heinrich’s　accident　ratio，　conducting　a　regression　analysis　using　an　exponential

fUnction　fbr　the　scale　of　damage　at　each　level　and　the　numbers　of　events　yields　a

squared　correlation　coefficient　of　O．989．　A　scale　of　2　is　allocated　fbr　damage　of　a　major

injury，　a　scale　of　l　is　allocated　for　damage　Qf　a　minor　inj’ury，　and　a　scale　of　O　is　allocated

fbr　damage　of　a　non－ir巾ry　accident．　Likewise，　conducting　a　regression　analysis　fbr

Bird！s　accident　ratio　using　an　exponential　fUIlction　fbr　the　scale　of　damage　at　each　level

yields　a　squared　correlation　coefficient　of　O．972．　Conducting　the　same　analysis　fbr

Tye－Pearson’s　accident　ratio　yields　a　squared　correlation　coefficient　of　O．960．

The　parameters　of　the　fbmulae　shown　in　Table　3．2reveal，　fbr　the　scales　of　damage

adopted　under　each　accident　ratio　and　the　numbers　of　iIIcidents，　the　results　of

conducting　regression　analyses　using　exponentia1　fUnctions．　The　formulae　shown　in

Table　3．2are　therefbre　not　in　the　fbrm　of　a　distribution　fUnction．

According　to　these　results，　when　approximating　using　an　exponential　fUnction，　the

correlation　coefficient　is　greater　than　O．96　in　every　case，　and　the　exponential　fUnction

can　be　considered　to　be　applicable　as　a　distribution　fUnction　for　the　scale　of　damage．
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　　　　　　　　　　　　　　　　　　　1　Maj　or珂ury

　　　　　　　　　　　　　　　　　　　29Minor珂uries

　　　　　　　　　　　　　　　　　　　300Non－ir巾ry　Accidents

　　Hein　rich（1950）

　　　　　　　　　　　　　　　　　　　1Serious　or　Disabling　lnjury

　　　　　　　　　　　　　　　　　　　10Minor珂uries

　　　　　　　　　　　　　　　　　　　30Property　Damage　Accidents

　　　　　　　　　　　　　　　　　　　6001ncidents　with　No　Visible珂ury　or　Damage

　　　　Bird（1969）

　　　　　　　　　　　　　　　　　　　1Fatal　or　Serious　Injury

　　　　　　　　　　　　　　　　　　　3Minor珂uries

　　　　　　　　　　　　　　　　　　　50First－aid　Inj　uries　　　　　　　t’t

　　　　　　　　　　　　　　　　　　　80Property　Damage　Accidents

　　　　　　　　　　　　　　　　　　　400Near　Miss　hcidents（Non－inj　ury　Accidents／Damage

　　　　　　　　　　　　　　　　　　　　　　Incidents）

Tye／P　earson（1974／1975）

Figure　3．4　Heinri　ch’s　accident　ratio，　Bird’s　accident　ratio　and　Tye／Pearson’s　acci　dent

ratio
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Table　3．2　Fitting　the　number　of　accidents　with　an　exponential　function

α
β r2

Heinrich 3．56×102 2．85 0．989

Bird 4．32×102 2．03 0．972

Tye－Pearson 4．60×102 153 0．960

ApProximation　by　f（x）＝αθ一ρ

r2：Coeffricient　of　determination
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3．5Risk　prediction　equation　for　event　i

As　above，　the　risk　associated　with　event　i　can　be　expressed　as　a　product　ofthe　’

distribution　fUnctions　for　the　frequency　ofthe　event，　F∫（xf），and　the　scale　o　f　damage

of　the　event　D∫（Xd）using　the　fbllowing　equation：

Rl（Xr）一ピ x・）’Nlf×オexp（三・X

λt∫：mean　value　of　frequency　of　event　i，

βゴ：mean　value　of　scale　of　damage　of　event　i．

hthe　model，　a　Poisson　distribution　is　used　fbr　the丘equency　of　incidents，　and　an

exponential　distribution　is　used　fbr　the　scale　of　damage．

Thus，　if　the　parameters　for　a　given　group　are　obtained　from　investigations，　they　may

be　used　to　measure　the　risk　under　investigation，　and　it　is　then　possible　to　effectively

identify　the　p　articular　factors　and　measures　capable　of　reducing　risk．
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3．6Goals　and　objects　of　investigation

The　goals　of　the　present　project　are　as　fbllows：

To　grasp　the　industrial　safety　situation　for　the　risk　model　of　multinational　raw　material　s

manufactUring．

To　contribute　to　the　resolution　o．f　industrial　safbty　in　multinational　raw　materials

manufactUring．

The　obj　ects　of　investigation　are　plants　used　in　multinational　raw　materials

manufactUring　that　produce　primarily　glass　related　materials，　such　as　glass　sheets　and

automotive　windshields．

3．7Research　Methods

Although　several　types　of　research　methods，　including　interviews　and　focus　groups，

questio皿naires，　secondary　data　alld　documentary　sources，　p　articipant　observation，　and

action　research，’ ≠窒?@commonly　used　in　this　area　of　research，　fbr　the　presellt　study，

questio皿aires　are　the　most　suitable　due　to　the　following　reasons：

●

●

●

●

●

●

The　targets　are　widely　dispersed．　　　　　　　　　。

The　targets　have　already｜）een　identi丘ed．

There　are　no　usefUl　secondary　data　and　documentary　sources．

The　respondents　can　ask　a　question（s）by　e・・mail，　if　they　so　wish．

Observation　does　not　directly　reflect　the　industrial　safbty　situation，　especia11y　the

damage　situation．

Time　and　cost　efficiency　must　be　considered．

3．8Quantitative　or　qualitative

There　are　two　different　research　appro　aches：quantitative　and　qualitative．　The

characteristics　of　these　approaches　are　as　fbllows：
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Adiぷ伽ti・n　iぷusual！y〃鋤θ鋤〃θθ”〃・approαches　t・data　c・llectゴoηand

analyぷiぷ二吻g蹴titative　and　the　qualitative．丑is　c・mm・川o廊4　th・ese伽・

卿蜘ches　presented　as　representing　divergent　and〔）PP・ぷing　research　traditionぷ

in　the　s・cial　scienceぷ．　This　situati・n加ぷbeen　deぷc励edαぷpositivistic　veTsuぷ

in　terlフretative（Giddenぷ，1976り．　Eη穿）has・‘ぷ‘ぷz45・ual！y　p　laced　on　th　e　dOffe7「en　cesか2　th　e

抑1・ぷ鋤ゴcal　a∬蹴励・ηぷmadeαb励the　nature〔ぢ3・cial脚1句・and舵

relationshi〔）f　the　researcher　and　the　researched．

（7Vigel　Giliz）er41992，1フ32ノ

ρuαntitative　and　gualitative　research　proceduresαre（ゾθηviewed　as　pr・viding

‘〃・蹴’and‘miero’1・vel　perspectiv…n功・5・cial　w・rld卿θ・tiv砲

ρuan雄t加θ伽θぷ吻ati・n・entailS・ad（）P伽g　a　nu〃螂6α1卿蜘C乃プ∂アthe・collection

and　ana！ysis㎡砲α7玩5　uぷual加nvolves吻9θ一scale　e獅かical　studies　uぷing

ぷo碗1survey　technigueぷto　collect　data　fro〃2卿佗ぷentat加θsamples（ゾ伽

populati・η吻w刀吻m　a　wide　ge・graphical　area．　The　aim　is　t・pr・duce　useful

fa在ual　datα　from　which　gen¢rαlizat加ぷ，　often　aゐo斑吻惚螂ぷ伽φみeぷoc⑳

aぷα励01e，　can　be陥de．　ln　eontras4　gualitative　reぷearch　provides　a　mic7㊨一1θvθ1

perspective　based　on　caぷe　studies　or　data　collectgdfrom　individuals　and　grc）upぷ．

Here，功εe〃鋤αぷ垣ぷon・s〃ialler－scale・studieぷexplor仇9　the〃昭anゴng吻τεvθη加

and・situationぷhaveforpa輪W耽．

でNigel　Gilibert，1992．　p．34ノ

For　the　present　study，　the　quantitative　approach　is　more　suitable　than　the　qualitative

approach，　and　the　response　data　will　be　examiled　by　numerical　analysis．

3．9Examination　of　details　of　the　methods

The　questionnaire　method　is　used　in　the　present　study．　However，　there　are　several

types　of　questionnaire　surveys，　including　interview，　postal，　online，　telephone，　and　group

surveys．　Each　survey　method　has　advantages　and　disadvantages．　These　questio皿aires
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share　some　common　traits：comprehending　the　questions，　conduct㎞g，　organizing　and

sampling．丑1　the　present　study，　three　questionnaire　methods－一一一interview，　postal，　and

online　surveys－are　discussed　in　detail　using　examples，　and　the　other　survey　methods

are　then　explained．　The　typ　e　of　survey　must　be　determined　by　considering　the　purpose

of　the　study．　Although　there　i　s　no　perfect　method　that　can　achieve　all　of　the　goals　of　the

research，　there　is　usually　one　method　that　is　most　suitable　and　reasonable　fbr　an

i血dividual　study

　　3．9、11nterview　survey

　In　interview　surveys，　interviewers　visit　respondents　and　ask　questions　using　the

questionnaires．　The　interviewers　write　down　the　respondents’answers　and　collect　their

answers．　In　this　method，　it　is　possible　to　ensure　that　the　respondent　is　present　in　person．

Furthermore，　certain　measures　must　b　e　taken　in　order　to　maintain　anonymity，　and　these

measures　may　affect　the　accuracy　of　the　survey．

　Another　advantage　of　the　interview　survey　is　that　a　third　person　ca皿ot　influence　the

survey　If　the　interviewers　are　well　trained　in　communication　skills，　they　can　obtain

numerous　responses　to　Several　questions　because　they　will　be　able　to　explain　the

questions　properly．　Moreover，　since　the、　survey　involves　face－to－face　interaction，

complex　questions　can　also　be　asked，　and　the　respoIlse　rate　is　relatively　high．

If　the　interviewers　have　good　communication　skills，　the　questions　posed　by

interviewers　can　be　understood　sufficiently　well．　This　is　a　crucial　advantage　ofthe

interview　survey．　However，　this　method　requires　．the　efforts　of　several　interviewers，　and

large－scale　investigations　have　high　transportation，　training，　and　wage　costs．　The

training　of　interviewers　is　the　key　factor　in　thi　s　method．　The　gender　of　the　interviewer　is

likely　to　affect　the　answers　of　respondents．　Furthermore，　this　method　is　not　suitable　fbr

askng　personal　questions．　h　addition，　adjustments　regarding　the　time　and　place　of　the

interview　must　be　made　according　to　each　respondent’s　convenience．　Another

characteristic　ofthis　interview　method　is　that　information　can　be　ol）tained　both　during

the　interview　and　after　the　interview　has　ended．　One　disadvantage　of　this　method　is　that

the　number　of　respondents　who　can　be　interviewed　is　limited．
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　　39．2Postal　survey

　In　postal　surveys，　the　questionnaires　and　answer　sheets　are　first　sent　to　the　respondents，

and　the　answer　sheets　are　filled　in　by　the　respondents　and　returned　within　a　certain

period．　In　this　method，　the　interviewers　do　not　have　to　be　trained．　This　method　is

relatively　inexpensive　because　it　only　involves　the　costs　fbr　mailing　the　surveys　and　not

the　costs　fbr　transportation，　training，　and　wages．　The　survey　can　cover　a　wide　area　and

can　even　be　admini　stered　to　overseas　respondents．

　Aprivate　survey　can　be　conducted　in　which　the　respondents　answer　anonymously

Many　questions　can　also　be　included　in　the　survey　because　respondents　Can　answer

these　questions　at　their『onvenience．　In　contrast　to　the　interview　method，　the　postal

survey　can　be　conducted　by　random　sampling．　This　is　an　advantage　of　the　postal　survey

It　is・elatively　easy　t・・ummarize血e丘ndings’ Efap・・tal　su・v・y　by　numerical　analysis．

Arapid　analysis　can　be　conducted　by　computeエThis　method　has　recently　gained

popularity　because　it　is　easier　to　conduct　than　other　methods．且owever，　since　the

motivation　to　answer　the　questionnaires　is　low，　the　response　rate　is　also　generally　low．

Moreover，　it　is　difficult　to　ensure　that　the　answers　are　written　by　the　respondents

themselves，　and　the　answers　may　be　influenced　by　a　third　person．　Furthermore，　it　is

diff7icult　to　confirm　the　answers，　and　complex　questions　may　be　misunderstood．　Since　it

takes　time　to　obtain　the　results　of　this　survey，　this　method　is　not　suitable　for　surveys　that

require　rapid　results．

　　3．9．30nline　survey

lh　online　surveys，　the　questiomaires　are　posted　online　on　the　Ihtemet，　and　the　answers

are　collected　electronically

First1）x）compared　to　postal　surveys，　this　method　can　be　used　to　reach　a　larger　number

of　respondents　from　around　the　world．　The　number　of　lnternet　users　is　increasing　every

year　not　only　in　developed　countries　but　also　in　developing　coun仕ies．　By　using　the

Intemet，　it　is　possible　to　use　animatiOn　and　provide　the　respondents　with　pictorial

infbrmation．　These　interactive　tools　present　the　respondents　with　new　multimedia
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i］【1fbrrnatio］n．

　For　those　who　have　access　to　the　Intemet，　this　survey　is　relatively　inexpensive　to

conduct．　The　online　survey　does　not　require　postage，　transportation　costs，　or　wages　fbr

interviewers．　The　results　can　be　collected　in　a　short　period　of　time　and　can　l）e　received

in　real　time．　This　real－time　response　is　one　of　the　remarkable　advantages　of　this　survey

method・Furthermore，　pictUre　files，　which　ca皿ot　be　collected　by　o血er　methods，　can　be

collected　through　this　method．　Additionally，　certain　groups　that　are　ordinarily　difficult

to　reach，　such　as　hackers，　can　be　contacted．　Anonymous　surveys　can　be　conducted

through　this　method，　which　minimizes　interviewer　error　and　bias．　However，　this　method

also　has　some　disadvantages．　One　disadvantage　of　the　online　survey　is　that　since　it　is

conducted　via　the　Intemet　its　respondents　are　limited　to　those　who　can　access　the

Ihtemet　and　are　interested　in　the　survey　Secolld，　there　could　be　issues　related　to

multiple　and／or　inappropriate　responses．　It　is　possible　that　false　responses　or　double

responses　may　be　submitted，　fbr　example，　an　adult　could　pretend　to　be　a　child．　The　third

issue　is　related　to　comparability　At　present，　there　are　few　comparative　studies　of

traditional　and　online　surveys．

Another　drawback　is　that　it　is　unlikely　that　random　sampling　will　be　conducted

through　an　online　survey．　Nonetheless，　online　surveys　will　undoubtedly　be　one　of　main

survey　methods　used　in　the　near　fUture　because　of　the　ease　with　which　they　can　be

collducted．　However，　ensuring　reliability　will　be　expensive　because　of　the　requirement

fbr　a　system　and／or　a　procedure　to　obtain　confirmation　regarding　the　respondents　and

their　answers．

　　3．9．4Telephone　survey

In　telephone　surveys，　interviewers　call　the　respondents　and　record　answers　to　the

questionnaires　after　obtaining　the　respondents’consent．　This　method　can　be　used　to

quickly　survey　wide　areas．　The　telephone　survey　is　not　expensive，　and　the　response　rate

is　relatively　high　because　of　the　request　is　made　directly　over　the　phone．

Misunderstandings　regarding　the　questions　can　be　avoided　by　mutual　communication．

Depending　on　the　voice　etc．，　it　may　be　possible　to　recognize　whether　the　interviewer　is

44



speaking．　Random　selection　can　be　achieved　by　selecting　a　random　telephone　numbe仁

The　results　can　be　gathered　rapidly　This　method　is　suitable　fbr　surveys　that　require

rapid　results．　However，　it　is　not　suitable　fbr　numerous　and／or　complex　questions

because　it　is　conducted　by　means　of　a　telephonic　conversation．　This　type　of　survey　is

not　suitable　fbr　personal　questions　because　the　interviewers　know　the　teIephone

numbers　of　the　respondents．　It　is　important　to　select　the　interview　time　so　as　to　be

convenient　fbr　the　respondent．　For　example，　a　businessman　ca皿ot　be　interviewed　on　a

weekday　moming　and　people　should　not　be　interviewed　in　the　evening　because　they

may　be　preparing　fbr　suppeエThe　timing　of　the　interview　should　l）e　carefUlly　considered．

This　method　also　requires　interviewers　to　be　trained　in　the　case　of　large－scale　surveys．

　　3．9．5Group　survey　　　　　　　　　　　　　　　　　　　　　　．

　In　group　surveys，　the　questionnaires　are　distributed　to　and　filled　out　by　respondents

who　are　gathered　together．　The　investigator　explains　the　contents　of　the　questionnaire

and　Provides　instructions　on　how　to　fi11　out　the　answer　sheets．

Thi　s　method　is　inexpensive　l）ecause　the　respondents　are　gathered　in　one　specific　place．

The　response　rate　is　relatively　high．　The　results　can　be　obtained　immediately　and　hence

this　method　is　suitable　fbr　surveys　that　require　rapid　results．　The　number　of

investigators　can　be　minimized．　The　respondents　can　be　answered　on　the　spot．

Anonymity　can　be　maintained　by　collecting　the　questionnaires　in　a　box　placed　near　the

exit．　However，　it　is　difficult　to　conduct　random　sampling　with　this　method．　The　number

of　respondents　is　limited　by　the　size　of　the　meeting　place．　Furthermore，　it　is　difficult　to

check　the　contents　of　the　answers　after　the　survey，　and　there　is　a　possibility　of　influence

by　an　outside　party．

3．10Advantages　and　disadvantages

Alack　of　comprehension　of　the　question　itself　is　a　common　issue　in　questio㎜aire

surveys．　In　p　articular，　this　problem　is　crucial　when　comparing　variables　among　different

areas．　For　example，　the　meaning　of　one　word　may　be　different　ill　different　areas．

Furthermore，　the　importance　of　this　issue　is　very　clear　when　making　comparisons　across
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different　cultures．　The　second　issue　is　related　to　the　organization　that　conducts　the

survey，　which　may　influence　the　attitudes　of　the　respondents．　In　other　words，　the

response　rate　and　contents　of　the　answers　may　change　depending　on　the　body　of　the

survey．　The　third　issue　is　related　to　the　sampling　method　and　sampling　size．　Although

there　are　several　types　of　questiomaire　surveys，　as　described　above，　each　survey

method　has　its　own　advantages　and　disadvantages．　In　the　present　study，　three

questio㎜aire　methods，　namely，　interview，　postal，　and　online　surveys，　are　discussed　and

examples　are　presented．　The　other　survey　methods，　i．e．，　telephone　and　group　surveys，

are　then　explained　fbllowing　the　review．
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3．11Choserl　method

In　the　fbllowhユg，　a　summary　ofthe　advantages　and　disadvantages　of　each　survey

method　is　presented（Table　3．3）．　The　type　of　survey　is　detemined　based　on　the　purpose

ofresearch．　Although　there　is　no　perfect　method　that　can　achieve　all　possible　research

goals，　there　will　be　one　method　that　is　most　suitable　and　reasonable　fbr　each　type　of

research．

For　the　present　stUdy，　a　postal　survey　via　e－mail　was　chosen．　The　disadvantages　of　the

postal　survey　are　low　response　rate，　the　impossi≠bility　of　validating　the　responses，　the

difficulty　of　asking　complex　questions，’ ≠獅п@a　long　survey　period．　These　problems　will

be　remedied　through　the　use　of　e－mail．　Furthermore，　a　request　from　the　parent　company

will　contribute　to　increasing　the　response　rate．
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Table　3．　3 General　comparison　of　survey　methods

Interview

Survey

Postal

survey

Online

Survey

Telephone

SU「vey

Group

Survey

Cost Expensive Moderate Inexpensive Moderate Inexpensive

Respollse　rate Moderate Low LOW High High

Consideration　of

time

Necessary NOt　neceSSary Not　necessary Necessary Necessary

InVeStigatOr’S

skil1

Necessary Not　necessary NOt　neCeSSary Necessary Necessary

Influence　of　a

third　person

No

influence

Exists Exists No

influence

Exists

Responding　to

questlons

Easy Possible Easy Easy Possible

Response　time Brief Long Brief Brief Brief

Confirmation　of

contents

Easy Impossible Basy Easy Difficult

Verifying

respondents

Easy Impossible Impossible Possible Difficult

Complex

questions

Possible Difficult Possible cif日cult Possible

Private

questlons

Difficult Possible Possible Difficult Possible

Many　questions Possible Poss輌ble Possible Diffi　cult Possible

InVeStigatOrS Many Not　necessary Not　necessary Moderate Few

Range　of　the

survey

SmalI Wide Wide Wide Small

Period　of　the

SU「vey

Moderate Long Moderate Brief Brief

Hideki　Toyota（1998）Lecture　of　Investigation（in　Japanese），　Asa㎞ra　Shoten，　p．16
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3．12Design　of　Questionnaires

Table　3．41ists　the　specification　of　the　survey．

Table　3．4　　Specification　of　survey

Main　purpose To　grasp　the　industrial　safety　sitUation　fbr

modeling　risk　in　multinational　raw

materials　manufacturing

To　contribute　to　the　resoIution　of

industri　al　safety　in　multinational　raw

materials　manufacturing

Body　of　the　survey Head　office　ofamultinational　raw

materials　manufactUring　firm

Target Multinati　onal　raw　materials　manufactUring

Plants

Scope　ofnatural　disasters　and　industriaI

accidents

　　Fire／Explosion

rStrongwinds

　　Flooding’…t

　　Lightning

　　Earthquake

Period　of　investigation 10　years　from　1995

Data　collection Use　of　multiple　choice　questions　in　the

questio皿aires（via　e－mai1）

Analysis Quantitative　analy’sis

Schedule Six　months，　including　the　rep　ort

production

Tools　to　increase　the　reply　rate Request　by　the　Head　Office

Feedback　on　the　comprehensive　results
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3．12．1Scope　of　natural　disasters　and　industrial　accidents　in　the　preserlt　survey

　It　is　necessary　to　deterrnine　the　scope　of　natural　disasters　and廿1dustrial　accidents　fbr

≠血epresent　study　There　are　several　types　of　natural　disasters　and　industrial　accidents，

such　as　f［oods，　winds　storms，　epidemics，　earthquakes，　droughts，　mudslides，　extreme

temperatures，　wild　fires，　volcanoes，　insect　infestations，　tidal　waves，　and　storm　surges．

Regarding　natural　disasters，　the　fb110wing　natural　disasters　are　the　main　types　that　have

a　direct　effect　on　industry：strong　winds，　flooding，　lightning，　and　earthquake．　The　main

cause　of　wild　fires　is　lightning，　which　can　also　cause　blackouts　and　critical　damage　to

computer　systems　due　to　voltage　surges．

Other　natural　disasters，　such　as　epidemic，　drought，　and　mudslide，　have　relatively

indirect　effects　on　industry，　as　compared　to　the　four　types　ofnatUra1　disasters　mentioned

above．　However，　the　risk　of　pandemic　should　be　investigated　in　another　study　in　the

fUture．

　There　are　several　types　of　industrial　accidents，　such　as　fire，　explosion，　collapse，　gas

leaks　poisoning，　and　chemical　spills．　In　Chapter　2，　fire　and　explosion　were　reported　to

make　up　a　significant　portion　of　industrial　accidents．且ence，　fire　and　explosion　are

selected　as　industrial　accidents　fbr　the　present　study．

In　summary，　the　scope　of　natUral　disasters　and　indus・Uia1　accidents　considered　in　the

present　study　is　fire　and　explosion，　strong　winds，　flooding，　lightning，　and　earthquake．

3．12．2Frequency　of　events

　Five　criteria　of　risk，　inCluding　natural　disasters　and　industrial　accidents，　are　defined　in

Section　4．7⊥It　is　necessary　to　determine　the　period　of　frequency　of　these　events．　The

period　of　the　present　study　has　to　be　set　by　the　events　consider量ng　the　characteristics　of

the　nature　ofthese　events．

There　is　a　seasonal　effect　fbr　the　events　of　strong　winds，　flooding，　and　lightlling．

However，　there　is　almost　Ilo　seasonal　effect　for　fire　and　explosion　except　for　warming

and　fbr　earthquake．　Static　electricity　is　also　influenced　considerably　by　seasonal　factors．

In　the　present　investigation，　the　target　is　a　man．ufactUring　enterprise．　The　damage

50



situation　will　change　year　by　year　according　to　improvements　in　tec㎞ology　and　the

stnlcture　of　industry，　fbr　example．　An　excessively　long　investigation　will　not　properly

reflect　the　actual　situation．　Furthermore，　data　of　damage　caused　by　accidents　are

generally　not　kept　well，　with　the　exception　of　major　accidents．　The　period　of　this

investigation　is　set　as　10　years，　staning　from　1995，　due　to　practical　constraints．

3．12．3Scale　of　damage

There　are　several　methods　by　which　to　expre　ss　the　extent　of　damage．　For　example，　the

degree　of　fire　is　divided　into　fbur　criteria　in　Japan：damage　by　flames／heat，　damage　by

fire　fighting　activity，　damage　by　explosion，　and　damage　to　person（s），　such　as　fatalities

and／or　bums．

Damage　by　flames／heat　is　material　damage　caused　by　fire　or　heat．　Damage　by　fire

fighting　activity　is　damage　caused　by　fire　fighters，　water，　and　fbam，　fbr　example．

Damage　by　explosion　is　damage　caused　by　explosive　forces．　The　extent　of　damage　by

fire　is　divided　into　fbur　categories：complete　destruction，　half　destruction，　partial

destruction，　and　limited　destnlction．

in　the　present　investigation，　the　scale　of　damage　is　measured　in　terms　of　personal

damage，　environmental　damage，　and　material　damage．　The　causes　differ　for　each　event．

However，　the　results　of　natural　disasters　and　industriaルaccidents　are　measured　by　same

index，　namely，　the　“end－point”．　Table　3．5is　used　as　a　scoring　system，　and　a　summation

method　is　adopted　in　the　present　stUdy．
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Table　3．5　Damage　evaluation　scores

Damage Evaluation　Score

Personal　injury　of　employee 3

Damage　to　the　neighboring　area 3

Interruption　of　bus血ess　fbr　a　period　of　over　one

month

3

Damage　to　building　or　structure 2

Damage　to　machinery 2

Damage　to　fini　shed　products，　semi－finished

products，　or　inventory

2

Interruption　of　business　fbr　a　period　of　betWeen

one　week　and　one　month

2

Interruption　ofbusiless　interruption　fbr　a　period

ofbetween　one　day　and　one　week

1

Slight　damage　to　any　of　the　above　options 1
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Chapter　4

4Results　and　discussion

4．10verview　of　survey　results

Responses　were　obtained　for　a　total　of　l　O　I　sites：58　sites　ill　Japan　and　43　sites　overseas．

Among　the　overseas　sites，19were　ill　Asia，19were　ill　Europe，　three　were　ill　the　US，

and　two　were　il　Russia．　Regarding　tlle｛r　scales，31　sites　had　over　500　employees，39

sites　had　between　l　OO　and　500　employees，　and　31　sites　had　less　than　100　employees

（Figure　4．　l　and　Figure　4．2）．

Table　4．　l　shows　a　summaiy　of　the　country　and　area　of　respondents．

％

口Less　than　50　persons

■50　or　more　persons

　　（less　than　l　OO　persons）

口1000r　lnore　Pe「sons

　　（less　tl田n　500　persolls）

口500and　more　than　500

Figure　4．1 Proportion　of　respondents　by　number　of　employees

53



・

57％

口Japan

■Asia

口Europe

口USA
■Russia

Figure　4．2　　Proportion　of　respondents　by　region
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Table　4．1 Summary　of　Respondents

Country　and　Area Number　of　sites
Regional　Category

in　the　Present　Report

Belgium 5 Europe

Czech　Republic 4 Europ　e

China 2 Asia

France 3 Europe

Germany 1 Europ　e

丘1donesia 6 Asia

Italy 4 Europe

Jap　an 58 ∫ap　an

Malaysia 1 Asia

Nederland 1 Europe

Pakistan 1 Asia

Philippine 1 Asia

Russia 2 Russia

Singapore ’1 Asia

トぷ膓

South　Korea 2 Asia

Taiwan 2 Asia

Thailand 3 Asia

UK 1 Europ　e

USA 3 North　America

Total 101
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4．21ndustriai　safety　risks　of　the　enterprise　group　as　a　whole

Table　4．2shows　that　the　risk　of　fire　and　explosion　is　the　largest　at　O．206　among　the

risk　investigated　in　the　present　study．　This　reveals　that　fbr　this　enterprise　group　as　a

whole，　it　is　necessary　to　prioritize　the　means　of　tackling　the　curtailment　of　risk　due　to

fire　and　explosion．

　However，　the　activity　of　curtailing　risks　in　practice　should　be　conducted　according　to

region　and　individual　circumstances．

Regarding　industrial　safety　risks　fbr　the　enterprise　group　as　a　whole，　it　was　revealed

that　the　greatest　risk　is　posed　by　fire　and　explosion，　as　in　the　EM－DAT　data．　Next，　the

risks　of　lighting　and　strong　winds　are　on　approximately　the　sarne　level，　fbllowed　by　the

risk　of　flooding　and　the　risk　of　earthquake．　ttt

It　was　revealed　that　fbr　Japan，　the　greatest　industrial　safety　risks　are　those　of　fire　and

explosion　alld　strong　winds．　However，　the　likelihood　of　occurrence　is　greater　fbr　strong

winds，　although　the　influence　is　larger　fbr　the　risk　of　fire　and　explosion．　The　next　is　the

risk　of　lightning，　and　the　risks　of　earthquake　and　flooding　are　approximately　the　same．

Japan　is　a　country　that　is　afflicted　by　earthquakes．　Howeveち丘om　the　perspective　of　the

likelihood　of　the　occurrence　of　damage－Causing　events，　the　risk　of　ealthquake　is　the

lowest　compared　to　that　of　the　other　risks．　However，　the　scale　of　influence　is　the　largest

after　that　of　the　risk　offire　and　explosion．

Regarding　the　industrial　safety　risks　in　Asia，　as　in　Japan，　the　ri　sk　offire　and　explosion　is

the　greatest．　This　is　fbllowed　by　the　risk　of　floodmg，　the　risk　of　lightning，　the　risk　of

earthquake，　and　the　ri　sk　of　strong　winds．

The　risk　of　fire　and　explosion　is　also　greatest　among　the　industrial　safbty　risks　hl

Europe，　fbllowed　in　order　by　the　risks　of　lightning，　flooding，　earthquake，　and　strong

winds．

Thus，　among　the　illdustrial　safety　risks　faced　in　all　the　regions　of　Japan，　Asia，　and

Europe，　the　risk　of五re　and　explosion　is　the　largest．　Therefbre，　it　is　clear　that，　in　all

regions，　the　risk　of五res　and　explosions）should　be　curtailed．

The　risk　of　fire　and　explosion　decreases　in　order　of　Asia，∫apan，　and　Europe，　but　the
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likelihood　of　occurrence　in　Asia　is　roughly　double　that　of　Japan　and　Europe．　In　Asia，

activity　emphasizing　the　prevention　of　fire　and　explosion　accidents　would　therefbre　be

effective．　In　addition，　the　’奄獅?huence　of　fires　and　explosions　in　Japan　is　high　comp　ared　to

the　other　regions，　and　it　is　thought　that　upgrading　facilities　conducive　to　preventing　the

propagation　of　damage　when　a　fire　or　explosion　occurs　would　be　effective．

Regarding　the　risk　of　earthquake，．　the　ri　sk　in　J　apan　is　more　than　twice　that　o　f　the　other

regions．　Despite　the　fact　that　there　is　not　such　a　large　difference　in　the　likelihood　of

earthquakes　occurring，　the　damage　is　between　two　and　three　times　that　in　Asia　and

Europe．　It　is　thought　that　this　may　be　due　to　differences　in　production　items，　fbr

example．

The　risk　of　flooding　is　greatest　in　Asia，　fbllowed　by　Japan　and　then　Europe．　The

likelihood　of　occurrence　fbr　each　region　is　l）etween　O．03　and　O．05　events　per　year，　but

the　damage　is　notably　greater　in　Asia　compared　to　the　other　regions．　In　Asia　and　its

coastal　regions　in　particular，　there　are　several　factories　sited　at　low　elevation　above　sea

level，　and　policies　such　as　preparing　factories，　warehouses，　and　electrical　rooms　fbr

fioods　by　raising　banks　in　advance　are　effective．

The　risk　of　strong　winds　is　greatest　is　Japan，　and　is　around　10　to　20　times　greater　than

that　in　the　other　regions．　The　scale　of　damage　and　the　likelihood　of　occurrence　are　both

high．　It　is　desirable　to　change　tent　housing　into　permanent　constructions　and

prefabricated　or　slate　roofbd　buildings　into　robust　reinfbrced　structures　in　order　to

withstand　typhoons　alld　strong　winds．

The　risk　of　lightning　in　Japan　is　roughly　tWice　that　of　the　other　regions．　The　scale　of

darnage　and　the　likelihood　of　occurrence　exceed　those　of　the　other　regions．　Therefbre，

the　risk　of　Iightning　is　relatively　high　in　Japan，　and　upgrading　of　Iightning　conductors，

fbr　example，　is　an　effective　policy．

4．3Risks　with　respect　to　region

4．3．1Japan

Japan　is　located　in　a　region　in　which　natural　disasters　are　common．　Such　natural

disasters　include　typhoons，　torrential　rain，　heavy　snow，　flooding，　landslides，　earthquakes，
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tsunamis，　and　volcanic　eruptions．　For　example，　regarding　the　proportion　of　the　entire

world｝s　disasters，　betweel11997　and　2006，20．7％of　the　world，s　earthquakes　with　a

magnitude　of　at　least　60ccurred　in　Japan，　which　is　an　extremely　high　proportion

collsidering　that　the　area　of　the　country　only　accounts　fbr　O．25％of　surface　area　of　the

earth（2007　White　Paper　on　Disaster　Prevention，　Cabinet　Office　Compilation）．

Responses　were　obtained　from　58　sites　in　Japan．　A　comparison　of　each　of　their　risks

reveals　the　risk　of　fire　and　explosioll　is　highest　at　O．205，　fbllowed　by　that　of　strong

winds　at　O．184．　In　Japan，　the　risks　of　fire　and　explosion　and　strong　winds　are　high．　The

risk　of　lightning　is　next　at　O．150．　The　risks　of　flooding　and　of　earthquake　fbllow　at

O．095and　O．081，respectively，　which　are　low　risks　in　Japan．

Table　4．3shows　the　results　of　industrial　safety　risk　fbr　multinational　raw　materials

manufactUrin　g　in　Japan．

4．3．2Asia（excluding　Japan）

Responses　were　obtained　ffom　a　total　of　19　sites　in　Asia，　including　China，　Indonesia，

Singapore，　South　Korea，　Taiwan，　Thailand，　Pakistan，　and　the　Philippines．　As　in　Japan，

the　risk　fbr　the　locations　in　Asia　is　highest　fbr　fire　and　explosion　at　O．211．The　next

highest　risk　is　flooding　at　O．132，　fbllowed　by　lightning　at　O．084，　earthquake　at　O．032，

and　strong　winds　at　O．011．　　　　　　　　　　　　　　．、

Table　4．4shows　the　results　of　industrial　safety　risk　fbr　multinational　raw　materials

manufactUring　in　Asia．

4．3．3Europe

Responses　were　obtained　from　a　total　of　19　sites　in　Europe，　including　Belgium，　Czech

Republic，　England，　France，　Germany，　Holland，　and　Italy．　The　risk　fbr　the　locations　in

Europe　is　highest　fbr　fire　and　explosion，　as　in　Japan　and　Asia，　fbllowed　by　lightning　at

O．084，flooding　at　O．063，　earthquake　at　O．032，　and　strong　winds　at　O．021．

Table　4．5shows　the　results　of　industrial　safety　risk　fbr　multinational　raw　materials

manufactUrin　g　in　Europ　e．　　　　　　・
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4．3．4United　States　and　Russia

Responses　were　obtailed　from　three　sites　in　the　US　and　two　sites　in　Russia．　Since　the

sample　size　is　small　from　a　statistical　perspective，　an　analysis　with　respect　to　region　was

not　performed．
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4．4Risks　with　respect　to　type　of　industrial　safety　event

Next，　the　characteristics　of　each　region　were　analyzed　with　respect　to　each　risk．

H・w・ver・・since・the・number・f　re・p・ndent・fr・m・the・US・and・Russia・was・smal1，・nly　the

three　regions　ofJapan，　Asia，　and　Europe　were　compared．

4．4．1Risk　of　fire　and　explosion

Regarding　the　risk　of　fire　alld　explosion，　the　value　of　O．211　in　Asia　is　the　highest．　This

is　fbllowed　by　O．205　in　Japan，　and　O．147　in　Europe．　Considering　the　likelihood　of

occurrence，　the　likelihood　in，Asia　is　approximately　twice　that　in　Japan　and　Europe．

H・wev・r・・the・hist・rical　rec・・d・ffi・e　and　expl・si・n　accid・nts・ccuning・ver血e　past　10

years　was　not　available　fbr　58％ofthe　obj　ects　of　the　investigation　taken　as　a　whole．

4．4．2Risk　of　strong　winds

Rega・ding・the　risk・f　str・ng　winds，　the・isk　in　Japan　is　O．184，　which　is　the　highest

among　the　regions．　This　is　fbllowed　by　O．021　in　Europe，　and　O．011　in　Asia．　However，

the　historical　record　of　strong　winds　occuning　over　the　past　10　years　was　not　available

fbr　69％of　the　targets　of　the　investigation　taken　as　a　whole．

4．4．3Risk　of　flooding

Regarding　the　risk　of　flooding，　the　risk　in　Asia　is　O．132，　which　is　the　highest　among

the　three　regions．　This　is　fbllowed　by　O．095　in　Japan，　and　O．063　in　Europe．　However，　the

historical　record　of　floods　occuning　over　the　past　10years　was　not　available　fbr　77％of

the　targets　of　the　investigation　taken　as　a　whole．

4．4．4Risk　of　lightning

The　value　of　O．150　in　Japan　is　the　highest　among　the　regions．　This　is　fbllowed　by

O．084in　both　Asia　and　Europe．　The　risk　in　Asia　and　Europe　is　roughly　one　half　that　of

Japan．　However，　the　hi　storical　record　of　lightning　occuning　over　the　past　10　years　was

not　available　fbr　65％of　the　targets　of　the　investigation　taken　as　a　whole．
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4．4．5Risk　of　earthquake

Regarding　the　「isk・f　earthquake，　at　O・081，　the　risk　in　Japan　is　the　highest　am・ng　the

「eg1°ns　examined・The　「isk　in　th・・est・f　Asia　and　Eur・pe　is　O．032．　H・wever，　the

hi・t・「ica1　rec・rd・f　earthquakes・ccuning・ver　the　past　10　years　wa、　n。t・available・f。，

83％of　the　targets　ofthe　investigation　taken　as　a　whole．
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Table　4．2　1ndustrial　safety　risks　fbr　the　entire　enterpri　se　group

Scale　of　damage

Frequency　of

@　　　　　　　　　．?魔?獅狽刀@per　slte

ievents／year）

Risk

Fire／Explosion 3，152 0，065 0，206

Strong　winds 2，614 0，044 0，114

Flooding 2，541 0，037 0，093

Li　ghtning 2，179 0，055 0，121

Earthquake 2，308 0，025 0，058

＊including　USA　and　Russia

Table　4．3　1ndustrial　safety　risks　by　events　for　Japan

Scale　of　damage

Frequency　of

@　　　　　　　　　■?魔?獅狽刀@per　slte

ievents／year）

Rjsk

Fire／Explosion 4，103 0，050 0，205

Strong　winds 2．892　　’ 0，064 0，184

Flooding 2，750 0，034 0，095

Lightning 2，559 0，059 0，150

Earthquake 3，133 0，026 0，081
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Table　4．4　1ndustrial　safety　risks　by　events　for　Asia（excluding　Japan）

Scale　of　damage

Frequency　of

@　　　　　　　　　・?魔?獅狽刀@per　slte

ievents／year）

Risk

Fire／Explosion 2，000 0，105 0，211

Strong　winds 2，000 0，005 0，011

Flooding 4，167 0，032 0，132

Lightning 1，600 0，053 0，084

Earthquake 1500 0，021 0，032

TabIe　4．5　1ndustrial　safety　risks　by　events　fbr　Europe

Scale　of　damage

Frequency　of

@　　　　　　　　■?魔?獅狽刀@per　slte

ievents／year）

Risk

Fire／Explosion 2，333 0，063 0，147

Strong　winds 1，000 0，021 0，021

Flooding 1．333　　r 0，047 0，063

Lightning 1，778 0，047 0，084

Earthquake 1，000 0，032 0，032
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4．5Simulation　using　a　Monte　Carlo　method

Simulation　using　a　Monte　Carlo　method　was　pe㎡formed　by　means　of　the　risk　model

inco叩orating　each　of　the　obtained　parameters．　Crystal　Bal1TM　softWare　was　used　fbr

simulation．　Parameters　fbr　simulation　are　presented　in　Appendix　C．

The　Monte　Carlo　simulation　was　used　to　calculate　R，（xr）as　the　product　of　F，．（xf）

and　L）i（Xd）．

Concretely，　the　frequency　and　scale　of　damage　were　calculated　using　each　estimated

distribution　fUnction，　and　the　products　of　l）oth　were　calculated．　The　distributions　of　the

risks　of　the　corresponding　events　were　calculated　repeatedly　by　this　method　and　the

number　of　trials　was　10，000（Figure　4．3）．

The　results　of　the　risk　simulation　of　indusUial　safety　in　raw　material　s　manufacturing　in

Japan，　Asia，　and　Europe　are　shown　in　Table　4．6and　Table　4．9．

　Regarding　the　frequency　distributions，　the　incidents　occurring　in　each　of　the　five

categories　were　considered　to　be　independent，　and　it　was　assumed　that　there　were　no

cross－interactions　among　ally　of　the　distribution　fUnctiolls．　Each　of　the　risks（fire　and

explosion，　strong　winds，　flooding，　lightning，　qnd　earthquake）is　expressed　by　the

fbllowing　equation：　　　　　　　　　　　　　　　　　　　　　tt．

R、（x，）＝F，・（拳×D、ω

i＝1：risk　of　Fire　and　explosion

i＝2：risk　of　Strong　winds

∫＝3：risk　ofFlooding

i＝4：risk　of　Lightning

i＝5：risk　of　Earthquake

The　methods　of　treatment　of　risks　according　to　their　scale，　etc．，　include　risk　avoidance，

risk　optimization，　risk　transfer，　and　risk　retention（ISO／IEC　Guide　73）．　Among　these

methods，　conceming　reduction，　it　is　necessary　to　consider　the　cost－effectiveness　and

treat　higher　risks　on　a　prioritized　basis．　Figure　4．4，　Figure　4．5，　Figure　4．6and　Figure　4．
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7show　risk　maps　constnlcted　using　500　points　from　each　simulation．　This　allows　the

relative　location　of　each　of　the　risks　in　industrial　safety　to　be　observed　visually

　The　definition　of　risk　adopted　in　the　present　paper　is　the　product　of　the　frequency　of

incidents　and　the　scale　of　damage．　Based　on　this　definition，　reducing　either　the

frequ皿cy　of　an　incident　or　the　scale　of　damage　by　a　factor　of　two　yields　the　same

reduction　in　risk．　If　risk　is　defined　as　the　product　of　the　frequency　of　incidents　and　the

square　of　the　scale　of　damage，　reducing　the　scale　ofdamage　by　a　factor　of　two　results　il

alarger　reduction　in　risk．　The　definition　of　risk　also　influences　the　results　of　the

subsequent　step　in　which　risks　are　curtailed．　Therefbre，　it　is　necessary　fbr　the　concemed

parties　to　engage　in　discussion　and　reach　a　consensus．
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Estimation　of　accident　ffequency　using　a　Poisson　distributio

Estimation　of　the　dama　e　fbr　each　accident　usin an　ex onential　distributio

Com　ute　the　avera　e　damage　of　accidents

stimate　the　risk　accordin　to the　ffe　uenc　andthe　dama

　　　　　　　　　　　　　　　　　　　　　　　　　　　　JtRepeat　thi　s　risk　estimation　10，000　tlmes

Figure　4．3 Flow　of　risk　estimation　for　industrial　safety
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TabIe　4．6　Results　of　ri　sk　simulation　for　the　entire　enteny）rise　group

Risk Average Median Maximum　Minimum

Fire／Explosion O．198 0．197 0．371 0．094

Strong　winds 0．112 0．111 0．215 0．034

Flooding 0．092 0．091 O，195 O．033

Lightning 0．120 0．119 0．214 0．052

Earthquake 0．056 0．056 0．120 0．010

Table　4．　7　Results　ofrisk　simulation　for　Japan

Risk Average Median Maximum　Minimum

Fire／Explosion 0．186 0．183 0．382 O．033

Strong　winds 0．180 0．177 0．351 0．060

Flooding 0．092 0．090 0．221 0．006

Lightning 0．148 0．1446 0．294 0．045

Earthquake 0．078 0．076 0．229 0．003
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Table　4．8　Results　ofrisk　simulation　fbr　Asia（excluding　Japan）

Risk Average Median Maximum　Minimum

Fire／Explosion O．210 0．205 0．541 0．032

Strong　winds 0．011 0．004 O，117 0．000

Flooding 0．119 0．111 0．453 0．000

Lightning 0．084 0．080 0．252 0．000

Earthquake 0．031 0．027 0．220 0．000

Table　4，9　Results　of　ri　sk　simulation　for　Europe

Risk Average Median Maximum　Minimum

Fire／Explosion 0．147 0．141 0．440 o・oq4

Strong　winds 0．021 0．018 0．108 0．000

Flooding 0．063 0．059 0．267 0．000

Lightning 0．084 0．079 0．261 0．000

Earthquake OD32 0．029 0．117 0．000
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4．6Discussion

4．6．1Risk　model　validation

　In　the　present　stUdy，　industrial　safety　risk　in　the　business　sector　is　defined　by　the

product　of丘equency　of　occurrence　and　scale　of　damage　of　each　event．　A　Poisson

distribution　was　used　as　the　distribution　fUnction　fbr丘equency　of　occurrence，　and　an

exponential　distribution　was　used　as　the　fUnction　fbr　scale　of　damage．　OII　the　basis　of

previous　research，　the　use　of　a　Poisson　distribution　as　the　distribution　function　fbr　event

occurrence　appears　to　be　relatively　unproblematic．　At　the　same　time，　fbr　distribution

丘mctions　describing　the　scale　of　damage，　previous　research　advocates　the　use　of

distributions　such　as　lognormal　distributions，　generalized　Pareto　distributions，　and

gamma　dist品utions．　In　the　present　study，　an　exponential　distribution　was　adopted

based　on　analysis　of　Heinrich’s　accident　ratio，　Bird’s　accident　ratio，　and　Tye－Pearson’s

accident　ratio，　which　are　accident　occurrence　ratios　in　the飼d　of　industrial　accidents．

In　addition，　the　applicability　of　this　method　to　the　scale　of　damage　fbr　the　industrial

safety　risks　investigated　in　the　present　stUdy，　namely，　risk　of　fire　and　explo　sion，　strong

winds，　flooding，　lightning　and　earthquake，　was　evaluated．

ln　the　．su・v・y　c皿ducted　as　part・f　this　research・inf・rmati・n・n　indust「ial　safety

incidents　experienced　by　multinational　raw　materials　manufacturing　enterprises　during

the　past　10　years　was　collected，　and　responses　were　receive．　d　from　a　total　of　101　sites．

The　breakdown　of　incidents　was　as　fbllows：66　fire　and　explosion　events，44　strong

winds　events，37　flooding　events，561ightning　events，　and　25　earthquake　events．　For

each　event，　the　scale　of　damage　was　obtained　usillg　the　system　described　in　Chapter　3，

Section　3．12．3，　Scale　of　damage．　Table　4．10through　Table　4．14　Distribution　of　scale

of　damage　for　Earthquake　summarize　the　scale　of　damage　of　each　event　and　the　number

of　events　in　each　category　Regression　analysis　using　an　exponential　distribution　was

applied　to　the　scale　of　damage　and　the　occurrence　ratio　of　each　industrial　safety　risk．

The　results　of　these　analyses　are　shown　in　Figure　4．8through　Figure　4．12．　These

results　confirmed　that，　with　the　exception　of　earthquakes，　all　risks　had　high　goodness　of

fit，　with　squared　correlation　coefficients　of　O．640r　above，　while　the　squared　correlation

coefficient　fbr　earthquakes　was　O．22，　showing　a　low　degree　of　correlation．　Twenty－five
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earthquake　events　were　reported，　making　the　earthquake　the　least　frequent　event　in　the

present　industrial　safety　survey，　and　it　is　possiもle　that　the　particular　characteristics　of

earthquakes　influenced　the　distribution　profile　of　the　scale　of　damage．　The　present

survey　di　d　not　however　consider　the　numb　er　of“皿felt　earthquakes”，　whi　ch　cause　no

damage．

Table　4．10　Distribution　of　scale　of　damage　fbr　Fire／Explosion

Scale　of　damage Number　of　events Proportion（％）

9 2 3．0

8 0 0

7 6 9．1

6 3 4．5

5 9 13．6

4 3 4．5

3 10 15．2

2 10 15．2

1 23 34．8

Total 66　’ 100．0
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Table　4．11 Distribution　of　scale　of　damage　fbr　Strong　winds

Scale　of　damage Number　of　events Proportion（％）

9 0 0

8 2 4．5

7 0 0

6 2 4．5

5 2 4．5

4 8 18．2

3 0 0

2 15 34．1

1 15 34．1

Total 44 100．0

Table　4．12　Distribution　of　scale　of　damage　for　Flooding

Scale　of　damage Number　of　events Proportion（％）

9 0 0

8 0 0

7 2 5．4

6 0 0

5 2 5．4

4 10 27．0

3 0 0

2 7 18．9

1 16 43．2

Total 37 100．0
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Table　4．13 Distribution　of　scale　of　damage　for　Lighming

Scale　of　damage Number　of　events Proportion（％）

9 0 0

8 0 0

7 0 0

6 0 0

5 2 3．6

4 11 19．6

3 4 7．1

2 17 30．4

1 22 39．3

Total 56 100．0

Table　4，14　Distribution　of　scale　of　damage　for　Earthquake

Scale　of　damage Number　of　events Proportion（％）

9 0 0

8 0 0

7 0 0

6 0 0

5 3 12．0

4 5 20．0

3 1 4．0

2 5 20．0

1 11 44．0

Tota1 25 100．0
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　4．6．2Applicability　of　the　study

　　Data　c・11ected　f・r　the　P・es皿t　study・・vered　a　10－year　peri・d丘・m　1995，　and　the

mdust却gr・up・f　inte・est　was　raw　mat・・i・1s　m皿u允c加・ing，　speci丘cally　glass

manufactUring．　Ri　sk　model　parameters　were　therefore　determined　on　the　basis　of　．10

yea「s，　w・ぬ・f　data・Risk・estimates　in・this・m・del　can　h・wever　take　highe・values・than

the・bserv・d　values・since血e　m・del　uses　P・iss・n　distnbuti・n　f・・仕equency。f，vent

occurrence　and　exponential　distribution　fbr　scale　of　damage．　This　model　is　therefbre

also　applical）le　to　clusters　of　disasters　or　to　major　disasters．　Further　data　collection　will

make　it　p・ssible　t・・btain　m・re　r・bust　estimates　u・ing　these　parameters；h・wever，　the

f・ll・wing　P・mt・need　t・be　c・n・ide・ed　in　att・mpt血g　a　m・・e　general　apPlicati。n。f　the

risk　model　parameters　used　in　this　study．

　　Although　scale　of　damage　clearly　fbllows　an　exponential　distribution　fbr　the　fbur

indust・ial　saf・ty　risks　excluding　eatthquake，　it　is　necessary　t・care血lly・。nsider　the

significance・f　the　parameters　when　br・adening　the　sc・pe・f　th・ir　apPlicati。n．　Even　if

血dust「ial　safety　parameters　f・r　each・・untry　and　each血dustry　are　P・・visi。nally

・btained・the　utility・fth・se　pa・am・ters　will　need　t・be血11y血vestigated加eal．w。，ld

apPlicati・n・it　is　th・・e　parameters　based・n　data・c・llected・ver　a　suitabl・range　which

will　pr・ve　t・be　si四i丘cant・Theref・re，　alth・ugh　this　risk　mσdel　has　wide　apPli・ability

in　the　estimati・n・f　industrial　saf・ty　risk（・ther　than　earthquake）mmulti－nati。nal

ente頑ses・when　pra・tically　apPlying血e　risk　m・d・1，　risk　m・d・l　parameters　must　be

determined　after　setting　the　appropriate　range　suitable　fbr　the　intended　use．　In　the

present　stud5～co皿try－specific　data　were　obtained　fbr　19　countries．　Data　were　collected

f・r　58　events　in　Ja剛・but　du・t・the　small　am・unt・fdata・f…ther　c・unt晦data　was

c・11ated　by　regi・n・F・r　c・untries　with・few・data，　alth・ugh　indu・trial　Safety・isk、皿be

estimated　based　on　the　data　obtained，　it　is　necessary　to　be　fUIly　aware　of　the　limited

amount　of　data　available．

OIle　of　the　characteristics　ofthe　scale　of　earthquake　damage　compared　to　other　natural

disasters　is　its　limited　geographical　and　temporal　range，　Accidents　due　to　fire　and

explosion　occur　more丘equently　than　ea就hquake，　and　in　te㎜s　of　total　amount　of
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damage，　over　a　10－year　period　in　Japan　the　total　losses　due　to　fire　and　explosion

exceeded　those　due　to　earthquake．　In　general，　although　damage　from　large　earthquakes

may　include　thousands　of　deaths，　of　the　25　cases　of　earthquake　damage　reported　in　the

present　study，　there　were　no　deaths　and　only　one　report　of　human　injury．　This　may　be

because　most　earthquake　deaths　occur　in　the　home，　while　industry　has　protected　itself

well　against　earthquakes．　As　the　above　points　indicate，　in　considering　earthquake　risk　to

industry　it　is　necessary　to　recognize　that　the　circumstances　differ　from　those　of　normaI

earthquake　damage．

加’
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4．6．3Effect　of　human　damage　evaluation　on　the　scale　of　damage，

　As　stated　above，　in　the　present　survey，　the　scale　of　damage　was　obtained　using　the

system　described　in　Chapter　3，　Section　3．12．3，　Scale　of　damage．　According　to　Noguchi

et　al．（2003），　a　survey　of　media　perso皿el　conducted　by　Mitsubishi　Research　hstitute，

Inc．，　reported　a　weighting　of　6：1：3　fbr　human　damage，　physical　damage，　and

environmental　damage．　When　compared　with　these　ratios，　the　scale　of　human　damage　i　l

the　present　survey　is　not　particularly　large．　The　effect　on　each　industrial　safety　risk

when　different　weightings　were　givell　to　human　damage　was　investigated　in　a　survey

Although　this　survey　・covered　five　categories　of　industrial　safety　events，　human　damage

was　only　reported　in　two　categories：fire　and　explosion　and　earthquake．　There　were　six

cases　of　human　damage　due　to　fire　and　explosion　and　one　case　due　to　earthquake．　No

deaths　were　reported．　In　the　original　evaluation，　three　points　were　added　to　scale　of

damage　if　human　damage　occurred．　The　effect　on　industrial　safety　risk　was　investigated

when　nine，18，　and　27　points　were　added．

Table　4．15through　Table　4．18　show　the　values　of　parameters　fbr　risk　estimation，　risk

values，　and　relative　ranking　of　each　risk　after　changing　the　evaluation　weightings　fbr

human　damage．　As　the　results　show，　there　was　nq　effect　on　the　ranking　of　the　individual

industrial　safety　risks　when　the　evaluation　weighting　for　humart　damage　was　nine　points，

18points，’or　even　27　points．
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Table　4．15　0riginal　evaluation（Human　damage：3points）

Number　of

　　events

Scale　of

damage
Risk Rank

Fire／Explosion 66 3．152 208．0 1

Strong　winds 44 2．614 115．0 3

Flooding 37 2．541 94．0 4

Lightning 56 2．179 122．0 2

Earthquake 25 2．360 59．0 5

Table　4．16　Case　1（Human　damage：9points）

Number　of

　　events

Scale　of

damage
Risk Rank

Fire／Explosio皿 66 3．697 244．0 1

Strong　winds 44 2．614 115．0 3

Flooding 37 2．541 94．0 4

Lightning 56 2．179 122．0 2

Earthquake 25 2．600
6き．0 5

TabIe　4．17　Case　2（Human　damage：18points）

Number　of

　　events

Scale　of

damage
Risk Rank

Fire／Explosion 66 5．060 334．0 1

Strong　winds 44 2．614 115．0 3

Flooding 37 2．541 94．0 4

Lightning 56 2・17♀ 122．0 2

Earthquake 25 2．960 74．0 5
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Table　4．18　Case　3（Human　damage：27　points）

Numl）er　of

　　events

Scale　of

damage
Risk Rank

Fire／Explosion 66 5．334 352．0 1

Strong　winds 44 2．614 115．0 3

Flooding 37 2．541 94．0 4

Lightning 56 2．179 122．0 2

Earthquake 25 3．320 83．0 5
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　4．6．4Significance　of　using　risk　theory

In　this　secti・n・the　signi五cance・fapPl畑g　risk　the・・y　t・industdal　sa允ty　is　discussed．

The　main　fbature　of　risk　theory　is　that　it　allows　risk　to　be　quantified，　albeit　with

attendant　uncertainty・　in　thei・business　activities，　c・mpanies　must　resp・nd　t・avariety

　of　risks，　and　since　finite　resources　are　available　fbr　this　purpose，　fUnds　need　to　be

al1・cated　e伍ciently　Apa品・m　practicmg　risk　av・idance，．it　is　imp・ssib1・t・entirely

eliminate　th・indusUial　safety・isks　discussed　herein，　namely，　fire　and　expl・si・n　risk，

strong　wind　risk，　flooding　risk，　lightning　risk，　and　earthquake　risk．　Similarly，　it　is

unreasonable　to　seek　zero　risk　when　caπying　out　risk　optimization．　Risk　can　be　dealt

with　using　risk　avoidance，　risk　transfer，　risk　retention，　and　risk　optimization，　and　one　of

the　g・als・f・isk　management　in　industry，　panicula・ly　in　manu飽c加hng，　is　t・achiev，

the　optimization　of　different　types　of　risk，　by　controllillg　risk　retention　so　that　it　remains

at　a　tolerable　level・In　the　present　survey　on　industrial　safety　risk，　a　standardized　scale

was　used　to　compare　the　frequency　of　occurrence　and　the　scale　of　damage　across

various　industrial　risks．　This　allowed　us　to　make　a　relative　comparison　of　each　industrial

safety　risk　In　addition，　since　a　probal）ility　distribution　fUnction　is　used　fbr　the

丘equency　of　occurrence　and　the　scale　of　damage，of　events，　these　can　be　quantified　in　a

meaningfUl　way　while　the　uncertainty　is　retained．　Different　1・factories　use　a　variety　of

strategies　to　deal　with　different　types　of　industrial　safety　risk，　and　in　this　survey～the

residential　risk，　excluding　risk　reduced　by　control　measures　from　exposure　risk，　was

・btain・d・While　it　is　clea・丘・m　the　su・vey　that　in　a仕emptmg　t・reduce亘・k，　the　ph・・ity

in　each　regi・n　sh・uld　b・given　t・reduc血9丘re　and・xpl・si・n　risk，　it　is　als・necessary　t・

attempt　to　reduce　overall　risk　while　bearing　in　mind　that　other　risks　also　have　a　fixed

probability　of　occurring　and　recognizing　that，　at　times，　this　probability　exceeds　that　of

fire　and　explosion　risk．　For　example，　risk　management　geared　only　toward　fire　and

explosion　risk　will　not　contribute　to　the　reduction　of　other　industrial　safety　risks，

whereas　a　broader　risk　management　strategy　can　contribute　to　the　reduction　of　virtually

all　industrial　safety　risks・In　addition，　fbr　cornpanies，　the　setting　of　tolerable　Ievels　of

risk　is　an　extremely　important　aspect　of　risk　management，　and　it　must　also　be
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recognized　that　this　tolerable　level　is　not　set　at　a　fixed　value　but　changes　in　response　to

changing　social　conditions．

The　significance　of　applying　risk　theory　to　industrial　safety　risk　is　that　it　allows　the

development　of　an　integrated　strategy　while　identifying　a　range　of　possibilities，　in

contrast　to　the　inflexible　approach　of　devising　measures　based　on　a　comparison　of

priorities　within　a　simple　ranki19　system．
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Ch翻餌er　5

5Conclusions

Risk　estimation　was　performed　using　Monte　Carlo　simulation　with　a　model　fbr

estimating　each　of　the　risks　in　industrial　safety　developed　by　setting　each　of　the

丘equency　distributions　and　damage－scale　distributions　along　with　their　parameters

according　to　empiricaIly　obtained　data．　Since　there　are　various　risks　associated　with

industrial　safety，　dramatically　curtailing　all　risks　is　more　difficult　than　preparing

measures　fbr　a　particular　risk，　and　in　order　to　curtail　risks　effectively　it　is　necessary　to

invest　in　dealing　with　events　that　are　judged　to　have　high　risks．　In　addition，　there　are

territorial　characteristics　and　tendencies　related　to　industrial　safbty，　a血d　it　is　necessary　to

grasp　both　glol）al　and　regional　risks．

Ih　addition　to　the　risk　model　established　in　the　present　study，　a　variety　of　alternative

risk　models　have　also　been　investigated．　The　placing　of　emphasis　on　a　particular　risk

accordillg　to　social　situations　and　regional　characteristics　may　also　be　considered．　By

establishing　a　model　that　obeys　the　opinions　of血terested　parties　regarding　the　risks　that

should　be　handled　and　performing　analyses　including　sensitiVity　analysis，　it　is　possible

to　effectively　curtail　risks　with　limited　resources．

In　collclusion，　the　fbllowing　items　were　achieved．

●

●

●

●

Arisk　model　was　constructed　fbr　industrial　safety　affecting　raw　materials

manufactUring　by　adopting　a　Poisson　distribution　fbr　the　frequency　of　disaster

occurrence　and　an　exponential　distribution　for　the　scale　of　damage．

Parameters　were　determined　for　the　models　representing　the　risks　faced　by　raw

materials　manufactUring　in　Japan，　Asia　and　Europ　e　due　to　fire　and　explosion，　strong

winds，　flooding，　lightning，　and　earthquake．

Monte　Carlo　simulation　was　conducted　using　the　obtained　parameters，　and　a　scatter

plot　was　created，　making　it　easy　to　understand　the　risks　visually．

The　areas　that　should　be　considered　as　priorities　in　risk　reduction　are　clarified　in

1
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raw　materials　manufactUring　in　Japan，　Asia　and　Europe　by　constructing　a　risk

m・del　f・・　estimating　the・isks・inv・1ved　in　industrial　saf・ty　and　by　investigating　and

analyzing　the　obtained　results，
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C血apter　6

6Future　research　and　scientific　value　of　the　present　study

6．1Future　research

6．1．1Cbrifying　the　tolerable　risk　range

The　present　study　presents　a　clear　analysis　and　assessment　of　industrial　safety　risks

related　to　multinational　raw　materials　manufacturing　enteq）rises，　In　risk　management，　it

ls　necessary　to　understand　the　current　state　of　the　risk　and　to　clarify　the　tolerable　risk

level．　Regarding　risk　levels　above　the　tolerable　level，　it　is　necessary　to　control　the　risk

and　to　perform　the　necessary　optimization　in　order　for　the　risk　to　be　confined　within　a

toleral）1e　range．　The　tolerable　risk　level　is　not丘xed，　but　rather　changes　in　accordance

with　social　circumstances　and　the　time　and　place　of　these　circumstances．　Furthermore，　it

is　considered　that　the　risk　level　differs　depending　on　the　degree　of　completion　of　risk

communication．　As　the　next　step，　it　is　necessary　to　conduct　research　aimed　at　clarif～元ng

the　toIerable　risk　level．　It　is　also　necessary　to　take　into　consideration　citizens，　employees，

shareholders，　and　all　other　affected　parties．

6．1．2Application　to　other　industries

The　target　of　this　risk・・related　research　is　multinational　raw　materials　manufactUring

enterprises．　The　analysis　and　assessment　of　industr　ial　safety　risk　fbr　different　targets

will　be　the　subj　ect　of　fUture　research．　Regional　illdustrial　safety　risk　is　considered　to

have　much　in　common　with　other　industries．　However，　it　has　been　suggested　that　there

are　significant　differences　regarding　fire　and　explosion　risk，　which　depend　on　the

individual　industry　For　example，　it　can　be　said　that　the　risk　of　fire　and　explosion　in

assembly　industries　is　clearly　low　in　comparison　to　that　in　the　iron　and　glass　industries，

in　which　fire　and　devices　operating　at　high　temperatures　are　used　on　a　regular　basis．

6、1．3Providing　detailed　regional　information　regarding　country－specific　risk
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assessment

ln　the　present　study，　due　to　data　restrictions，　regional　analyses　were　performed　with

respect　to　Japan，　Asia，　and　Europe．　Regarding　these　regions，　one　of　the　problems　fbr

fUtUre　research　will　be　the　collection　of　additional　data　and　the　assessment　of　industrial

safety　risk　with　regard　to　individual　countries　or　regions．　It　will　be　possible　to　use　the

results　of　such　research　as　imponant　infb㎜ation　input　fbr』ibility　studies　associated

with　the　building　of　new　factories．

6．1．4Examining　the　amount　of　damage　inflicted　by　an　earthquake

The　results　o　f　the　exponentia1　distribution　fitting　technique　applied　to　damage　caused

by　an　earthquake　were　less　favorable　than　those　yielded　by　the　other　fbur　industrial

safety　risks．　Although　an　insufficient　amount　of　data　can　be　given　as　the　reason　for　this

outcome，　it　is　also　true　that　the　data　fbr　minute　and　imperceptible　earthquakes　was

excIuded　from　the　scope　of　the　collected　data．　With　regard　to　the　exponential

distribution　fitting　technique，　it　is　necessary　to　collect　additiona1　data　and　to　attempt　to

verify　the　validity　of　this　model．

6．1．5Examining　particular　measures　for　reducing　the　damage　caused　by

incidents　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　l．

From　the　point　of　view　of　the　CSR　of　companies，　it　is　necessary　to　prevent　accidents

and　incidents．　Regarding　the　industrial　safety　risk　analyzed　and　assessed　herein，　the

creation　and　implementation　of　detailed　plans　are　significant　issues．　Although　there　are

effective　measures　fbr　individual　risks，　there　are　also　measures　that　become　effective

through　participating　in　the　establishment　of　an　industrial　safety　management　system．

Since　the　resources　used　by　companies　are　not　limited　to　resources　that　can　be　assigned

to　industrial　safety　activities，　it　is　extremely　important　to　examine　and　implement　highly

effective　risk　reduction　methods．　The　implementation　of　these　measures　and　the

reduction　of　industri　al　safety　risk　are　related　to　the　CSR　policies　of　the　respective

companles・
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6．1．61nfluence　of　global　warming　on　the　industrial　safety　risk　of　companies

The　problem　of　global　warming　affects　the　entire　planet，　and　it　is　expected　that　strong

wind　risk　and　flooding　risk　will　affect　the　industrial　safbty　risk　of　companies．　It　is

possible　that　it　will　become　necessary　to　consider　the　influence　of　global　wamling　on

industrial　safety　risk　for　companies．
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6．2Scientific　value　of　the　present　study

6．2．10riginality　　　．

●

●

Amodel　of　lndustrial　safety　risk　in　multinational　raw　materials　manufacturing

enterprises　was　constructed　and　validated　using　an　exponential　distribution　fUnction

fbr　the　scale　of　damage　and　the　Poisson｝s　distribution　fUnction　fbr　the　frequency　of

occurrence．

In　assessing　illdustrial　safety　risk，　a　unique　set　of　indices　was　proposed　fbr

measuring　the　scale　of　damage．　As　a　result，　it　was　possible　to　compare　relative　risk

between　events　in　different　categori　es　of　industrial　safety　risk．

6．2．2Novelty

●

●

●

A　survey　artd　analysis　of　industria1　safety　risk，　in　particular，　fire　and　explosion　risk，

strong　wind　risk，　flooding　risk，1ight皿1g　risk，　and　earthquake　risk，　was　conducted，

fbcusing　sp　ecifically　on　multinational　raw　materiaIs　manufacturing　enteq）rises．

In　a　model　recreating　industrial　safety　risk　in　multinational　raw　materials

manufactUring　enterprises，　region－based，parameters　Were　obtained　for　each

industrial　risk．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　。．

Acomparative　assessment　relating　each　of　the　different　industrial　safety　risks　was

conducted．

6．2．3Availability

●

●

●

The　present　study　clearly　reveals　which　industrial　safety　risks　in　multinational　raw

materials　manufactUring　ente彗）rises　must　be　reduced　and　that　effricient　reduction　of

industrial　safety　risk　can　be　achieved．

It　was　clearly　demonstrated　that　the　scale　ef　damage　in　industrial　safety　risk　can　be

estimated　using　an　exponential　fUnction．　l

lnstead　of　basing　the　reduction　of　industrial　safety　risk　on　an　absolute　rankUg　of
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priorities，　risk　theory　gives　a　quantitative　indication，　with　attendant　uncertainties，　of　the

reductions　that　must　be　made　in　industrial　safety　risks．
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WHO　Co11aborating　Center　fbr　Research　on　the　Epidemiology　of

Disasters

Ball：Software　developed　and　published　by　Decisioneering，　hlc．

Emergency　Disasters　Data　Base

Ihtemational　Electrotechnical　Commission

Intemational　Organization　fbr　Standardization

Maj　or　Hazardous　lncident　Data　S　ervice

Natural　Hazards　Assessment　Network

Organization　fbr　Economic　Co－operation　and　Development

Office　of　U．S．　Foreign　Disaster　Assistallce

Stockholm　Environment　Institute

Support　fbr　Irnprovement　in　Govemance　and　Management（EU，

OECD）　　　　　　　　　，

Geological　Survey　ofthe　Netherlands　　．

Das　Umweltbundesamt

United　Nations　Development　Programme

United　Nations　Environment　Program（me）

｝
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AppendixA

Table　A．1Number　of　disasters　in　each　country

Explosion Fire Earthquake Wind　Sto㎜ Flood

Belgium 30 4 2 20 20

Czech　Rep 0 0 0 3 8

France 4 4 1 44 28

Indonesia 5 5 121 10 92

Italy 1 0 29 16 29

Japan 4 0 46 135 52

Thailand 9 5 1 29 60

USA 20 8 35 477 154

Data　from：EM－DAr

Created　on：Feb－27－2008－Data　version：v12．07（From　1900　to　20070ctober）

Source：”EM－DAr：The　OFDA／CRED　Intemational　Disaster　Database

www．　em－dat．net－Universit6　Catholique　de　Louvain－Brussels－Belgiuml！
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Table　A．2　Area　of　each　country
1

Area（sq㎞）

Belgium 30，528

Czech　Rep 78，866

France

Indonesia 1，919，400

Italy 301，230

Japan 377，835

Thailand 514，000

USA 9，826，630

Data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Appendix　B

Table　B．1　Affected　country　area　percentage　b　y　degree　of　exposure　in　B　elgium

None very　High
Evaluation

0 1 2 3 4 5

Earthquake 26 70 4 178

Vblcanic

druption

100 0

Tsunami 100 0

TropicaI

rto㎜

100 0

Winter

rtom

26 74 274

Storm

rurge

95 5 20

Tomado 100 200

Hail　Sto㎝ 48 52 252

Lightning 75 25 125

Flood 46 28 19 4 2 1 91

Drought 100 100

Frost 100 200

Ori　ginal　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006

Figure　B．　l　Affected　country　area　percentage　by　degree　of　exposure　in　Belgium
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Tal）le　B．2　Affected　country　area　percentage　by　degree　of　exposure　in　Czech　Rep

None very　High

0 1 2 3 4 5

Evaluation

Ea就hquake 89 11 111

Vblcanic

dmption

100 0

Tsunami 100 0

Tropical

rtom1

100 0

Winter

rto㎜

20 80 280

Stoml

rurge

ioO 0

Tomado 100 100

Hail　Sto㎝ 100 300

Lightning 15 85 185

Flood 39 24 16 ・12 6 3 131

Drought 87 13 ⑳ 113

Frost 100 200

Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Original　data　source：Munch　Re　Geo　R．isks　Research，　Last　update：10／12／2006

Figure　B，2　Affected　country　area　percentage　by　degree　ofexposure　01　Czech　Rep
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Table　B．　3　Affected　country　area　percentage　by　degree　of　exposure　in　France

None very　High

0 1 2 3 4 5
Evaluation

Earthquake 59 35 6 147

’＞blcanic

druption

99 1 3

Tsunami 95 5 10

Tropical

rto㎜

100 0

Winter

rto㎝

60

^

40 240

Sto㎜

rurge

97 3 12

Tomado 70 30 160

Hail　Storm

Lightning 26 74 274

Flood 43 26 17 ’8 4 2 110

Drought 100 100

Frost 12 88 188

Original　data　sourc　e：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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　　　　Earthquake

Voleanic　Eruption

　　　　　　Tsunami

　Tropica｜Storm

　　　Winterstorm

　　　Storm　Surge
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　　　　　Light［ing
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　　　　　　　Frost
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　　．E

Degree　of　exposure　　O

　　　　　　　　　　　　　　　　　　1

　　　　　　　　　　　　　　　　　2

　　　　　　　　　　　　　　　　　3

　　　　　　　　　　　　　　　　　　4

　　　　　　　　　　　　　　　　　　5

0riginal　data　source：　M

FigU

None

Very　High

　　　　　　　　　　　　　　unch　Re　Geo　Risks　Research，　Last　update：10／12／2006

re　B，3Af6ected　country　area　percentage　by　degree　ofexposure　i皿France
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Table　B．　4　Affected　country　area　percentage　by　degree　of　exposure　in　lndonesia

None very　High
Evaluation

0 1 2 3 4 5

Earthquake 18 24 35 22 1 264

Vblcallic

dmption

90 10 30

Tsunami 95 5 15

Tropical

rto㎜

97 3 3

Winter

rto㎜

100 0

Sto㎜

rurge

97
L

3 9

Tbmado 100 100

Hail　Stom 11 89 189

Lightning 5 78 17 212

Flood 46 28 19 ・4 2 1 91

Drought 97 3 103

Fro　st 95 5 5

Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006

Figure　B．4　Affected　country　area　percentage　by　degree　ofexposure　in　lldonesia
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Table　B．5　Affected　country　area　percentage　by　degree　of　exposure　in　ltaly

None very　High

0 1 2 3 4 5

Evaluation

Earthquake 9 44 36 11 249

Vblcanic

druption

95 5 15

Tsunami 95 5 5

Tropical

rto㎜

100 0

Winter

rto㎜

30 50 20 160

Stoml

rurge

97 3 9

Tomado 90 10 110

Hail　Stom1 59 41 241

Lightning 13 87 187

Flood 32 20 13 ・20 10 5 171

Drought 4 14 10 130

Frost 78 22 122

Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Original　data　source：Muncll　Re　Geo　R．isks　Research，　Last　update：10／12／2006

Figure　B．5　Affected　country　area　percentage　by　degree　of　exposure　in　Italy
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Table　B．6　Affected　co皿try　area　percentage　by　degree　of　exposure　in∫apan

None very　High

0 1 2 3 4 5
Evaluation

Earthquake 24 42 34 410

Vblcanic

druption

73 27 81

Ts皿ami 75 5 5 5 5 5 75

Tropical

rtom

1 41 36 20 2 181

Winter

rto㎜

90 10 20

Sto㎜

rurge

95 5 20

Tbmado 47 36 17 100

Hail　Stom 90 10 210

Lightning 76 24 124

Flood 32 20 13 ・20 10 5 171

Drought 100 100

Frost 11 89 189

Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Very　High

isks　Research，　Last　update：10／12／2006

　　　　　　　　　　　　　　　　　posure　in　Japan
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Table　B．7　Affected　country　area　percentage　by　degree　of　exposure　in　Thailand

N皿e Vbry　High
Evaluation

0 1 2 3 4 5

Earthquake 28 40 29 3 207

Vblcanic

druption

100

@▼

0

Tsunami 97 3 6

Tropical

rto㎜

7 92 1 94

Winter

rto㎜

100 0

Sto㎜

rurge

97 3 9

Tomado 70 30 130

Hail　Storm 42 58 258

Lightning 51 49 249

Flood 39 24 16 12 6 3 131

Drought 93 7 107

Frost 94 6 6

Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Original　data　source：　Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006

Figure　B．7　Affected　country　area　percentage　by　degree　ofexposure　in　Thailand
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Table　B．8　Affected　country　area　percentage　by　degree　of　exposure　in　USA

None very　High
Evaluation

0 1 2 3 4 5

Earthquake 43 34 12 8 3 194

Vblcanic

druption

99 1 3

Tsunami 95 5 5

Tropical

rto㎜

70 10 5 5 5 5 80

Wmter

rto㎜

69 28 3 34

Sto㎜

rurge

97 3 12

Tomado 36 24 21 17 2 225

Hail　Sto㎜ 24 27 49 225

Lightning 48 48 4 156

Flood 46 28 19 ’　4 2 1 91

Drought 17 41 8 29 5 164

Frost 11 53 36 225

Original　data　source：Munch　Re　Geo　Risks　Research，　Last　update：10／12／2006
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Figure　B．8　Affected　country　area　percentage　by　degree　ofexposure　in　USA
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Appendix　C

Parameters　fbr　simulation　are　as　fbllows．　Monte　Carlo　simulation　was　calculated　by

using　these　parameters．　Number　of　event　was　divided　by　number　of　site　fbr

standardization“per　site”after　calculation．

Table　C．1Numl）er　of　events　and　scale　of　damage　in　as　a　whole　enterprise（101　sites，10

years）

λτ β

Fire　and　explosion 66 3，152

Strong　winds 44 2，614

Flooding 37 2，541

Lightning 56 2，179

Earthquake 25 2，308

Table　C．2　Number　ofevents　and　scale　of　damage　in　Japan（58　sites，10years）

、λτ， β

Fire　and　explosion 29 4，103

Strong　winds 37 2，892

Flooding 20 2，750

Lightning 34 2，559

Ea牡hquake 15 3，113
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Table　C．3Numl）er　of　events　and　scale　of　damage　in　Asia　excluding　Japan（19　sites，10

years）

λτ β

Fire　and　explosion 20 2，000

Strong　winds 1 2，000

Flooding 6 4，167

Lightning 10 1，600

Earthquake 4 1，500

Table　C．4　Number　of　events　and　scale　of　damage　in　Europe（19　sites，10　years）

λr β

Fire　and　explosion 12 2，333

Strong　winds 4 1，000

Flooding 9 1，333

Lightning 9 1，778

Eanhquake 6 1，000
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