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Abstract　Damage　caused　by　disasters　such　as　earthquakes，　floods　and　great　fires　in　recent

Japan　is　examined．　Intensity　of　damage　is　shown　not　by　the　absolute　value　of　loss，　but　by

the　index　value　in　the　fbrm　of　a　damage　ratio，　such　as　the　sufferer　ratio　and　the　ratio　of

economic　losses　to　the　government’s　annual　income．　Through　these　ratios，　it　is　clarified　that

the　small　absolute　value　of　loss　never　means　to　give　the　slight　socio・economic　impact　in　a

Small－SiZe　lOCal　gOvernmentS．

1．Introduction

　　Notwithstanding　the　many　governmental　efforts　to　protect　the　nation　from　natural

hazards，　these　disasters　have　not　been　decreased　yet　in　recent　Japan．　Disasters，　such　as

floods，　earthquakes，　great　fires，　heavy　snow　and　so　on，　bring　much　damage　to　Japan．

However，　it　is　not　easy　to　analyse　how　an　area　is　damaged　by　disaster．

　　Damage　caused　by　disasters　is　usually　aggregated　in　each　area　by　the　amount　of　direct

damage，　such　as　the　total　casualties，　the　number　of　collapsed　houses，　burnt　houses　and

flooded　houses，　and　the　sum　total　of　loss．　These　apparent　numbers　are　used　as　a　index　of

the　greatness　of　disaster．　But　from　the　viewpoint　of　regional　problems　caused　by　disaster，

development　of　some　new　techniques　to　discriminate　the　characteristics　of　damage　is

necessary　for　evaluation　of　actual　damage　in　each　area　and　for　making　a　pre－disaster　preven・

tion　plan　and　a　post－disaster　reconstruction　plan（Nakano，1977，1979；Nakabayashi，1978）．

　　The　purpose　of　this　article　is　to　examine　some　methods　of　evaluating　the　intensity　of

damage　caused　by　some　kinds　of　disaster　in　recent　Japan．　The　author　proposes　two　indices

fbr　measuring　the　damage　intensity　added　to　a　region．　One　is　the　heavy・sufferer　ratio　and　the

other　is　the　ratio　of　economic　loss　to　annual　revenues　or　rates．

　　The　heaVy－sufferer　ratio　is　measured　by　the　ratio　of　the　number　of　heavy　sufferers　to　the

total　population　in　each　area．　The　heavy・sufferers　are　residents　who　lost　their　dwellings

during　the　disaster．　Losing　one’s　house　constitutes　the　greatest　economic　problem　fbr

sufferers　living　in　the　damaged　area．

　　The　loss　to　rates　ratio，　or　loss　to　revenues　ratio，　is　attained　by　measuring　the　ratio　of　the

total　amount　of　losses　to　the　annual　revenues，　or　rates，　in　each　government．　Not　only　pro・

perty　loss，　but　also　many　other　indirect　losses，　such　as　the　decrease　of　activities　in　commerce
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and　industry，　are　contained　in　the　total　loss．　It　is　necessary　to　measure　the　damage　to　living

facilities　and　public　organization　sustaining　daily　life，　for　example，　the　closing　of　water，　gas

and　electricity　supplies，　temporary　shortage　of　fbod　and　other　goods，　and　so　on．　However，

in　studies　previously　done（Nakabayashi，1978，1979　and　1981；Takahashi，1975），　the

intensity　of　such　indirect　damage　could　not　be　emphatically　stated，　because　the　method　for

assessment　had　not　yet　been　developed．　The　annual　income　ofrates　supports　the　important

parts　of　annual　revenues　of　a　local　governments，　and　indicates　capabilities　ofalocal　govern・

ment　in　maintaining　the　daily　socio－economic　conditions．　Therefbre，　although　the　economic

effects　of　loss　ofhuman　life　and　some　kinds　of　indirect　damage　cannot　be　measured，the　loss

to　rates　ratio　will　act　as　a　reliable　indicator　showing　the　grade　ofintensity　of　socio－economic

damage　including　the　decline　of　such　economic　activjties　as　commerce　and　industry．

2．Outline　of　Some　Notable　Disasters

　　Preceding　the　examination，　a　short　sketch　will　be　given　here　on　some　notable　disasters

which　consist　ofadiscussion　source　in　this　article（Fig．1）．

　　The　Kanto　Earthquake　of　1923，　the　greatest　recorded　earthquake　disaster　in　Japan　is

characterized　by　the　great　fire　which　followed　the　shocks　of　the　earthquake．　About　312，000

houses　were　burnt　out　in　Tokyo　during　the　two　days　following　the　earthquake．　The　number

of　killed　and　missing　reached　58，000　and　10，600，　respectively．　Most　of　them　fell　as　victim　of

the　fire．

　　The　Niigata　Earthquake　of　1964　attracted　attention　to　the　weakness　of　modern　cities

built　on　deltaic　land．　Many　buildings　and　constructions　such　as　roads，　ra且ways　and　banks

sank　down　into　the　ground　and　some　other　buildings　were　destroyed　by　liquefaction　caused

by　the　shocks．　The‘‘Tsunami”attacked　the　land　below　sea　level　and　ground　floors　of　10，300

houses　were　immersed　in　water　for　about　two　weeks．　Oil　tanks　were　broken　by　the　shocks

and　two　ofthem　continued　to　burn　for　two　weeks　in　the　flooded　area．

　　The　Miyagiken・oki　Earthquake　of　1978　represented　the　complicated　problems　of　urban

life　after　earthquakes，　to　us．　One　of　the　most　severe　problems　after　this　earthquake　was

Sakata・City，

the　Great　Sakata　Fire　of　l976

Niigata－City，

the　Niigata　Earthguake　of　1964

Nagasaki・City，

the　7・23　Nagasaki：Flood　of　1982

NkT

Sendai・City，

the　Miyagiken・Oki

Earthquake　of　1978

Tokyo・City，

the　KantO　Earthquake　of　l923

測 K6chi・City，

the　l7th　Typhoon　Flood　of　1975

Fig．　l　Location　of　case　study　areas

一196



（の　　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

@　

゜。

゜。

8ひ．コN

OO寸．寸N

OOり．O寸

寸ひひ．寸

N守．一コ

O。ら寸．一

OOり．O卜

さ寸．N

OひN、一り

09、一い

09．°・

ひ◎θoQ

一りひ．9

ひN一．ま

g。

゜。

ﾝ．O°。

86・．O寸一

09．笛

鴇N．寸

閉ひ、N卜N

ひON、卜

O°。O．り三

゜。

ｼ．O寸

寸トひ

N寸ひ

一ひひ．卜卜

゜。
閧m．一

Oひ。・㎡伯

gり

。・

゜。

08．一

い

寸8．一

N一

9笛．ひ

ON

需一

゜。
mひ．ま

gq

會♀ε邸bD唱Z

゜。
gひ＝oσ国

寸Oひごoσ国

鶉ひご。σ国

。。

一197一



・hutting　d・wn・f　w・t・・，・lect・i・ity・nd　gas　supPli・・，　th・ugh　th・d・m・g・t・building・was

，e1、ti。・ly・light．　lt・g・in　cau・ed　p・・pl・’・att・nti・n　t・f・・u・・n　th・fa・t　th・t　th・圃・・ity・f

casualties　resulted　from　falling　concrete・brick　fences．

　　The　Great　Sakata　Fire　in　1976　burnt　many　shops　and　goods　down　to　the　ground　in　a　vast

・xp・n・e・f　built・up・・ea　in・luding・ity…e・Th・・ati・・f　th・bu・nt・・ea　t・th・built・up・・ea

was　s・high　th・t　J・p・n・・e　citi・・hav・n・t・xp・・i・nced・u・h・fi・e　d・・t・u・ti・n・ince　th・p・・i・d

of　economic　high　growth．　The　fire　broke　out　in　a　movie　theater．　About　1，000　buildings

in・1uding・d・p・・tm・nt・t・・e　m・d・・f・・n・・et・w・・e　bu・nt・ut　i・・nly　nin・h・urs　in　night・

time．　The　central　shopping　district　of　Sakata－city　was　completely　destroyed，　and　it　took

・ev・n　years　fb・the　cent・al　di・t・i・t　t・b・・ec・n・t・uct・d　th・・ugh　th・meth・d・fl・nd・eaΦ・t－

ment　planning　used　by　the　Sakata　city　government．

　　Kochi・city　is　one　ofthe　cities　repeatedly　damaged　by　typhoon且oods．　One　ofthe　greatest

floods　is　the　17th　Typhoon　Flood　of　1975，which　immersed　a　vast　expanse　ofthe　built・up

area　of　Kochi・city　in　water　fbr　three　days．　The　flooded　water　was　deeper　in　the　newly

built－up　di・t・i・t・m・・tly　l・cat・d　i・th・1・nd　b・1・w・ea　l・v・l　th・n　in　th・・ld　buit・up　a「ea・

　　　N、g、、aki・city　i・1・cat・d・n　th・・1・P・1・nd・nd　narr・w　l・wl・nd・1・ng・m・ll・ivers　and・h・・e

lin，。f　N。g・・aki　B・y．　Th・7．23　H・aVy・R・inf・11・f　1982　cau・ed・d・lug・・Th・・v・・fl・w・f

water　from　small　streams　rushed　into　the　central　area　of　the　city．　The　residential　areas　newly

d，v，1。P・d・n　th・・1・P・1・nd・・ll・p・ed　becau・e・f　th・・u・hing　w・t・・and　th・mud　fl・w・This

　characteristic　flood　disaster　caused　the　failure　of　262　persons’s　lives・

3．Difference　of　Damage　lntensity　among　Various　Types　of　Disasters

Table　l　shows　the　characteristics　of　the　damage　intensity　seen　in　three　types　ofdisaster，
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that　is，　the　Niigata　Earthquake　of　l964（M．7．5），　the　Miyagiken・oki　Earthquake　of　1978

（M．7．4），the　Great　Sakata　Fire　of　1976，　the　17th　Typhoon　Flood　of　l　975　in　Kochi　and　the

7．23Nagasaki　Flood　of　1982．

　　Figure　2　shows　the　relationship　between　the　heavy・sufferer　ratio　and　the　loss　to　revenues

ratio　measured　in　each　area　of　main　local　governments．　These　diagrams　show　that　the

damage　intensity　seems　to　be　different　to　each　other　among　three　types　of　disasters．

　　The　damage　due　to　a　flood　is　characterized　by　a　high　value　of　the　heaVy－sufferer　ratio　as

compared　with　a　low　value　ofthe　loss　to　revenues　ratio．　Especially，　a　flood　in　a　built－up　area

on　lowland　shows　a　high　value　of　the　sufferer　ratio　but　not　so　high　in　the　loss　to　revenues

ratio，　fbr　example，　in　the　case　of　Kochi－city　damaged　by　the　flood　of　l975．　On　the　other

hand，　Nagasaki－city　lost　a　great　number　of　houses　and　much　property　due　to　rushing　water

and　mud　fiow　on　the　sloping　land　of　small　valleys．　It　is　suggested　in　the　fact　that　the

Nagasaki　Flood　had　a　relatively　higher　value　ofthe　economic　loss　to　revenues　ratio　than　the

flood　of　Kochi－city．

　　On　the　contrary，　the　damage　caused　by　fire　has　a　high　value　of　the　loss　to　revenues　ratio

relatively　in　comparison　with　a　low　value　ofthe　heavy－sufferer　ratio．　Because，afire　is　apt　to

fully　burn　both　the　houses　and　equipped　properties　together．　In　the　case　ofthe　Great　Sakata

Fire，　the　economic　Iosses　increased　fbr　two　reasons．　The　first　was　that　both　shops　and　stock

were　burned　to　ashes，　and　the　other　was　the　shortfall　of　activity　in　commerce　during　recon－

struction．
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　　With　regards　to　the　damage　due　to　earthquake，　the　value　ofheavy－sufferer　ratio　generally

is　in　direct　proportion　to　the　value　of　the　loss　to　revenues　ratio．　In　the　case　ofthe　destruc－

tion　caused　only　by　shocks，　both　ratios　indicate　relatively　low　values，　even　if　a　high　absolute

value　of　total　losses　was　recorded　in　a　badly　damaged　city．　The　case　of　Miyagiken－oki

Earthquake　is　an　example．

　　In　this　type　of　earthquake　damage，　the　heavy－sufferer　ratio　and　the　ratio　ofloss　to　rates，

that　is　the　main　part　of　revenues，　are　fundamentally　proportionate．　Figure　3　shows　this

tendency，　taking　the　Miyagiken－oki　Earthquake　of　1978　as　an　example．　In　this　figure，　the

values　of　the　two　ratios　show　a　clear　correlation　with　the　exception　of　f6ur　areas，　where　the

loss　to　rates　ratio　was　so　high　due　to　the　destruction　ofexceptionally　big　structures　such　as

bridges　and　banks．

　　Using　this　relationship，　an　estimation　of　both　grade　and　an　absolute　value　of　economic

loss　in　each　area　seems　to　be　possible　when　the　data　ofheavy　sufferer　ratio　are　given．

　　But　an　earthquake　is　apt　to　generate　various　secondary　disasters　successively　after　the

damage　due　to　shocks．　The　top・ranked　is　the　generation　of　synchronous　fires　following　the

collapse　of　structures．　They　often　grow　so　big　as　to　be　illustrated　in　the　case　of　the　Kanto

Earthquake　of　1923　at　Tokyo－city（Fig．2）．　If　a　great　fire　follows　the　earthquake　shocks，

both　values　of　the　heavy－sufferer　ratio　and　of　the　loss　to　revenues　or　rates　ratio　are　elevated

into　terrible　levels　in　general，　and　the　relationship　between　the　two　ratios　mentioned　in

Figure　3　will　be　cancelled　in　principle．

4．Geographica1　Distribution　of　lntensity　of　Damage　Due　to　Recent

　　Earthquakes

　　The　intensity　of　damage　in　each　area　of　suffering　can　be　more　actually　examined　by

using　the　index　values　than　the　absolute　values　which　have　been　commonly　used．

　　Figures　5，6and　7　show　geographical　distribution　of　various　ratios　of　damage　due　to　the

Niigata　Earthquake　of　1964．　Damage　intensity　is　expressed　as　three　kinds　of　ratios　in　each

local　government　area．　It　is　elucidated　in　the　figure　that　the　damage　is　more　intensive　both

in　northeastern　districts　nearest　to　the　focus　of　the　earthquake，　and　in　Niigata－city　and　its

near－by　areas　located　on　the　lowland　composed　of　thick　alluvial　soils（Fig．4）．

　　Figures　9，10　and　l　l　show，　again，　geographical　distribution　of　damage　intensity　in　the

case　of　the　Miyagil（en・oki　Earthquake　of　1978．　The　fbcus　of　this　earthquake　was　130　km

east　of　Sendai－city．　In　this　case，　hl　respect　of　direct　destruction　and　loss　but　not　casualties，

it　is　very　clearly　observed　that，　because　of　the　long　epicental　distance，　the　intensively

damaged　areas　are　arranged　in　accordance　with　the　epicentral　distance．　Those　areas　are　on

the　lowland　composed　ofthick　alluvial　so丑s　along　the　Kitakami　River．　However，　the　districts

damaged　intensively　in　respect　ofcasualties　are　big　cities．

　　In　both　cases，　the　observed　features　seem　to　be　somewhat　diffe　rent　from　those　in　the

maps　showing　the　absolute　values（re　fer　Table　1）．
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oCity logY＝1．045010gX－2．5086（r＝0．9108）
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5．Difference　of　lntensity　of　Damage　Due　to　an　Earthquake　in　Urban　Area

　　and　in　Rura1　Area

　　In　the　above　description，　it　is　clear　that　the　intensity　ofdamage　caused　by　the　shocks　of

earthquakes　not　followed　by　fire　is　heaviy　affected　by　the　physical　conditions　of　land　in

each　area．　At　the　same　time，　the　distribution　of　intensity　of　damage　seems　to　be　closely

related　to　the　socio－economic　conditions　of　each　area．　Usually　an　absolute　value　ofdamage

losses　tends　to　attract　social　concerns．　However，　though　the　absolute　value　ofdamage　losses

is　smal1，　the　damage　may　affect　very　severely　the　society　according　to　social　and　economic

conditions　of　the　area，　fbr　example，　sparsely　inhabited　areas　or　areas　having　only　poor

financial　capability．

　　Figures　12　and　13　represent　the　relationship　between　the　absolute　value　oftotal　loss　and

the　index　value　of　loss　to　rates　ratio．　In　these　figures，　total　loss　is　expressed　as　a　share　ofthe

loss　of　each　local　government　in　the　total　loss　ofthe　prefecture，　Figures　12and　13show　the

cases　of　the　Niigata　Earthquake　of　1964　and　of　the　Miyagiken－oki　Earthquake　of　1978，

respectively．　It　is　clear　that，　in　the　both　cases，　the　values　of　loss　to　rates　ratios　in　urban　areas

are　relatively　lower　than　in　rural　areas，　if　both　the　ratios　are　compared　in　respect　of　the

index　value．　If　they　are　compared　in　respect　of　the　absolute　value，　the　sum　of　losses　in　each

urban　area　is　far　larger　than　in　rural　areas．　This　will　suggest　the　fact　that　damage　in　rural

areas　gives　severer　effects　than　that　in　urban　areas．　The　large　amount　of　damage　losses　in

each　urban　area　can　be　borne　by　more　massive　capacity　of　population，　finance，　and　so　on．

This　is　one　of　the　reasons　why　evaluation　of　damage　has　to　be　done　using　index　values．

Especially　it　is　indispensable，　when　they　are　discussed　in　relation　to　regional　planning　includ－

ing　Prevention　planning　and　reconstruction　planning．

　　　Figure　14　shows　the　relationship　between　the　loss　to　rates　ratio　and　the　casualty　ratio．

Because　of　the　discordance　in　the　data　collecting　methods　of　the　two　prefectural　govern－

ments，　the　number　of　the　wounded　was　a　lower－estimate　in　the　case　of　the　Niigata

Earthquake　of　1964　than　in　the　case　of　the　Miyagiken－oki　Earthquake．　But　the　ratio　of　the

wounded　is　higher　in　the　urban　areas　than　in　the　rural　areas，　in　both　cases．　For　the　Niigata

Earthquake，　the　value　of　the　casualty　ratio　in　the　urban　area　is　similar　to　that　in　the　rural

area，　though　the　loss　to　rates　ratio　is　much　lower　in　the　urban　area．　In　the　case　of　the

Miyagiken－oki　Earthquake　of　1978，　the　value　of　the　casualty　ratio　is　higher　in　the　urban　area

than　in　the　rural　area，　though　the　loss　to　rates　ratio　shows　a　reverse　relationship．

　　　From　the　above　it　may　be　assumed　that　the　risk　of　people　getting　wounded　during　a

disaster　may　rise，　in　accordance　with　the　advance　of　urbanization．　Living　conditions　are　now

apparently　changing　in　the　urban　area　of　Japan．　The　number　of　urban　residents　living　in

multi－storied　apartment　houses　is　increasing．　They　have　much　furniture　on　a　small　floor

space．　If　such　multi－storied　apartment　houses　are　shaken　by　an　earthquake，　it　appears　that

many　residents　are　apt　to　be　wounded．

6．Conclusion

The　author　discussed　the　evaluation　of　damage　due　to　disasters　and　shows　that　it　has　to
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be　done　by　using　not　the　absolute　values　but　the　index　values．　This　is　especially　true　from

the　viewpoint　of　regional　problems　caused　by　disasters　and　including　all　prevention　and

reconstruction　planning．　In　conclusion，　the　following　four　points　can　be　mentioned．

　　First，　the　two　kinds　of　ratios，　the　heavy－sufferer　ratio　and　the　loss　to　rates　ratio，　are

useful　for　measuring　the　damage　intensity　of　disasters．　The　intensity　of　damage　to　living

conditions　is　measured　by　using　the　heavy－sufferer　ratio　which　is　calculated　by　the　ratio　of

residents　whose　houses　collapsed，　were　burnt　or　flooded．　They　lost　their　basis　for　living　after

the　disaster．　The　intensity　of　economic　damage　is　estimated　by　using　the　loss　to　rates　ratio

which　can　be　calculated　on　the　basis　of　the　absolute　values　of　losses　and　revenues，　or　rates．

　　Second，　the　intensity　of　damage　is　characteristic　among　of　disaster．　Flood　disaster　raises

the　heavy・sufferer　ratio　while　the　loss　to　rates　ratio　is　relatively　low．　Fire　disaster，　on　the

contrary，　produces　high　values　of　loss　to　rates　ratio　and　low　values　of　heavy－sufferer　ratio．

Earthquake　disaster　not　followed　by　a　big　fire　results　in　proportionate　values　of　loss　to　rates

ratio　and　heavy・sufferer　ratio（Fig．2）．

　　　Third，　with　regard　to　damage　caused　by　earthquake，　the　amount　of　economic　loss　due　to

future　earthquakes　can　be　anticipated　by　using　the　deduced　relationship　between　the　heavy・

sufferer　ratio　and　the　loss　to　tax　ratio（Fig．3）．

　　　Finally　the　author　would　Iike　to　propose　that　attention　should　be　paid　more　carefully　to

the　regional　problems　in　time　of　disaster，　especially，　on　studies　concerning　the　people’s

welfare．　It　is　proved　in　this　article，　for　example，　by　the　fact　that　small　damage　in　absolute

value　in　rural　areas　never　means　slight　impact　to　the　small・size　local　government．　It　means　in

the　same　context　that　the　costs　of　hazards　for　developing　societies　expressed　as　a　proportion

ofincome　available　are　at　least　ten　times　those　of　industrial　nations（Burton　et．　al．1978）．

Acknowledgement

　　The　author　wishes　to　dedicate　this　article，with　profound　respects，　to　Professor　Takamasa

Nakano，　who　encouraged　the　author’s　studies　on　disaster　prevention，　on　the　occasion　of

Professor　Nakano’s　retirement　from　Tokyo　Metropolitan　University．

References　Cited

Burton，1．，　Kates，　R．W．　and　White，　GF．（1978）：The　Environmen’o∫」eazard，　Oxford　Univ．　Press，　New

　　York，240p．

K6chi　City　Government（1976）：179δ一’α坂」Kankei　Sh　iro－　rMaterial　on　The　1　7th　7ンρhoon　o∫1976ノ＊

K6bhi　Prefectural　Govemment（1976）：Kochi－ken　Tokei／Venkan　r4n〃ual　Report（）f　Ko－chi　Prefectural

　　goyern〃ien　t7＊

Miyagi　Prefectural　Government（1978）：’78〃’アagi－　ken・oki／ish　in　Sa　igaiηo　Ga　ikyo　rR　eport　qブthe

　　Miyagiken・oん’Earth｛～uake　o∫1978ノ＊，135P．

一（1979）：ルliアagゴ・ken　To－keiハlenkan　rA　nnual　R　eport　6ゾ～瞬アa8ゴPrefeetural　Government7＊

Nagasaki　Prefectural　Government（1982）；Nagasaki　Tokei／Venka〃rA〃〃ual　Report　oノハノ’agasaki　Prefec．

　　tu　ral（｝oyern〃ien　t7＊

207



一　　（1983）：7．23ノ＞bgasaki　l）aisuigai　Shi〆R　eport　of　the　7．　23ハlagasaki　Flood　of　1982ノ＊，331P．

Nakabayashi，1．（1978）：A　case　study　of　estimation　of　damage　done　to　a　community　by　disaster．　Com－

　　　prehensゴveこlrban　Studies，5，71－89．＊＊

一（1979）：The　distribution　of　the　damage　by　the　1978　Miyagiken－Oki　Earthquake．　Comprehensive

　　　こ〃’ban　St4dies，8，15－26．＊＊

一（1981）：Study　for　simulation　of　damage　to　a　metropolis　during　an　earthquake．α）mprehensive　Urban

　　　St4dies，14，37－58．＊＊

Nakano，　T．（1977）：Systematization　of　research　method　on　acute　disruptions　of　url）an　structures　and

　　　functions　in　earthquake　disasters，（］omρrehensive乙「rban　Studies，1，5－32．＊＊

一（1979）：Recent　characteristics　of　earthquake　disasters　and　future　study　programmes．　Comprehensive

　　　こ”ban　Studies，8，3－14．＊＊

Niigata　Prefectural　Government（1965）：ノViigata　Jishin　no　Kかoku　rR　eport　on　the／Viigata　Earthquake　of

　　　1964ノ＊，409P．

一（1965）：ハ「iiga　ta・ken　75kei／Venkan　r　4　nnual　Report　qプノViigata　befe（rtural（｝overn〃i　en　t／＊

Sakata　City　Government（1978）：Saka　ta　Taikaηo　Kiroku’o　F融κδeno　Michi　rR　eport（）f　the　Sakata

　　　Great　Fire　of　1978　an（i　the肋ッof　its　Reconstructionノ＊，228P．

Takahashi，　K．（1975）：Sa　igai　no　Kagaku　rScience　of　hazards7，　NHK　shuppankai，　Tokyo，215p．

Tokyo　Metropolitan　Government（1925）：T（）kyo－fu　Taゴshbdaishinsai　Shiμ～eport（ゾtheκα鷹δ、Earth。

　　　quake　of　1923ノ＊，554P．

Yamagata　Prefectural　Government（1976）：Yamagata・ken　ToTkeiハ「enkan　rA　nnual　Report　of　Yamagata

　　　Prefectu　ral　Governmen　t7＊

（＊ill　Japanese，＊＊in　Japanese　with　Enghsh　abstract）

一208一


