
Proper Oscillations　of　the　Sea　・of

ContineRtal　Shelfi

By　Takaharu　Nomitsu　and　Katakusu　Habu

（Received　August　1，　193S）

Abstraet

　　　Even　on　the　straight　coast　of　an　open　sea，　mareograms　frequentlY　indicate　con－

spictious　osci；lations　on　occasions　of　marine　earthquakes　or　cyclonic　storms，　and　the

period　of　the　osclllatlons　is　generally　long，　from　several・multiples　of　ten　minutes　up

to　tsvo　hottrs，　espeeially　a　period　of　about　one　hour　being　zhe　most　£requent．　Many

investigators　liave　taken　notice　of　this　phenomenon　of　which　various　explanations　have

been　given．　According　to　the　writers’　opinion，　these　osciilations　are　nothin．cr　but

undulations　of　tl］e　sea　of　continental　shelf．　To　confirm　thls　view　the　writet’s　measure

the　dimensions　of　the　shelf　seas　on　the　charts　of　various　parts　of　the　Japanese　coast・

and　also　of　some　foreign　cotmtries，　and　calcuiate　the　corresponding　periods　and

show　tliat　the　calcuiated　Periods　agree　fairly　satisfactorily　with　the　ol）served　values．

1．IntrodUC重三0ぬ

　　　　The　general　nature　of　sea一＄eiches，　or　secondary　undulations．in

the　sea，　has　been　almost　coinpietely　established　by　Messrs．　Honcla，

Terada，　Yoshida　and　lshitani2　and　by　many　other　investigators，．and

”now　the　undulations　are　taken　as　tank－oscillations　of　some　limited

portion　of　sea　such　as　a　bay　or　an　enclosed　sea．　Even　on　the　strazisofit

coast　of　an　oPen　sea，　however，　mareograms　frequently　indi6ate　con－

spicuous　escMatioRs　on　occasions　o£　marine　earthquakes　or　o£　cyclonic

storms，　and　in　these　oscMations　we　generally　find　a　component　of　a

long　period　attaining　many　tens　of　minutes　to　two　hours，　a　period　of

about　one　hour　being　the　most　frequent．　Since　such　long－period　os－

cillations　on　open　coasts　can　not　be　attribtited　to　ordinary　bay－oscll一一

lations，　a　number　of　scientists　have　taken　notice　of　this　peculiar　fact

and　attempted　to　explain　it　in　several　ways．　Dr．　NTagaol〈a3　suggested

the　possible　in舳ence　of　an　ocean　current　such＆s　the　K：urosiwo　on　the

generation　of　long　waves　observed　along　the　Pacific　coast　of　Japan．

On　another．　occasion‘，　he　advanced　an　explanation　based　on　the　con－

sideration　of　the　free　elastic　vibration　of　the　earth　as　a　whole．　Dr．

　　1．　This　paper　was　read　at　the　．Eknnual　Meeting　of　the　1’hysico－Mathematical　Society　of

Japan　on　April　2，　rg3s．　2．　Journ．　Coll．　Sci．　lmp．　Univ．　Tokyo，　24，　i　（igo8）．

　　3．　Tokyo　Sugaku－Buturigakkwai　Kizi，　1，　i26　（igo2）　4・　Ditto，　4，　35　〈rgo7）・
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Teradat　empliasized　the　imPortance　o£　this　fact　一in　his　article　in　“　Sci一一

en　tlfic　Japan　Past　and　Present”　prepared　in　connection　wlth　the　Third

Pan－Pacific　Scienti’fic　Congress，　i　g　26．　ln　anotker　report2，　he　suggestecl

the　vibration　of　sial　blocl〈　fioating　on　sima　material　as　excitation　of

water－undu正ations．　　　　　　　　　　　　　　　　　　　　　’

　　　　Thus　there　seem　to　・be　two　lines　of　opinion　as　to　tlie　ori．crin　of

si｝ch　long　periods　o£　oscillation　on　free　cqasts．　One　attributes　it　to

the　vibrations　of　the　earth　crust　transmittlng　to　water，　and　tlie　othei

seel〈s　the　orig｛n　ln　the　sea－water　itself　such　as　the　infi　uence　of　ocean

currents．　The　present　writers　consicler　these　oscillations　to　be　of

hydrodynamical　origin　and．ascribe　t．hem　to　the　proper　oscillations　of’

the　so－called　“shelf　sea”　fring｛ng　the　land．　Hitherto，　only　land　and

sea　of　horizo．　ntal　c．onfi．cruration　ha．ve　been　paid　attention　as　the　scene

of　seiche－phenomena，　so　that　it　has　been　diflicult　to　underStaitcl　the

nature　of　the　long　period　undulations　found　on　a　stralght　coast　having’

no　irregularities　siich　as’bays　or　promontories．　The　writers　believe，

however，　that　an　abrupt　change　o£　great　magnitude　in　the　vertical

depth　of　a　sea，　as　well　as　a　disco．ntinuous　change　in　horizontal　extent，

may　become　a　cause　of　tmdulations　of　a　proper　period．　On　the　other

hand，　oceanography　teaches　us　that　there　exist　shallow　seas　less　than

200　m　in　deptlx，　calied　“　seas　of　conti　neiatai　shelf　”，　making　a　step－lil〈e

separation　from　the　world　．　ocean　of　4000　m　depeh　on　averag’e．　’Ilrhus

it　is　a　very　natuyal．　assumption　that，　i　R　a　shelf　sea，　proper　oscillations

may　be　generated　by　the　action　of　a　submarSne　earthquake　or　a　cyclonic

storm．　The　period　for　a　shelf　sea　will　of　cour＄e　be　£lie　same　as　for

a’@bay，　the　line　of　discontinuou＄　claange　in　dimens．ion　always　formlng

a　nodal　line　in　boeh　cases．

　　　　NVith　s　uch　ideas　ln　mind，　the　writers　measure　the．　meatn　depths

and　breadths　of　the　shelf　seas　along　the・　coast　ef　Japan　and　in　several

other　reg’ions　of　tlie　wQrld，　and　calculate　the　corresponding　periods．

ComparisoRs　o£　the　periods　thus　obta’ined　with　those　actually　observed

on　the　mareo．o．’rains　constitute　the　present　pckpGr，　and　the　satisfactory

coincidence　of　the　valttes　seems　to　confirm　our　opinion．　As　to　the

generation　and　damping　of　the．　tmdulations　in　a　shelf　sea　clue　to　a

cycloBic　storm，　oi］e　of　the　writers　（T．　］NT．）　has　toucheCl　on　this　problem

in　his　paper3　on．　a　theory　of　meteorological　tunamis　and　＄eiches．

i“　Scientific　Japan　1’ast　and　i’resent，　’284－28s　（ig26）．

2．　B，eport　Earthq．　invest．　Coni．　（in　Japanese），　leO　B，　i　i3　〈ig2s）・

3．　．Tbese　Mgnaoirs，　A，　18，　20r　（ig3s）．
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　　　　　　　　　　　　　　2．　Proper　periods　of　the　shelf　seas

　　　　［A］ノ～r・Pafzese　coast：一ln　order　to　determine　the．rrleaa　depth　■c　nd

breadth　of　a　shel．f　sea　region，　we　dyaw　several　strai．o’ht　lines　perpen－

dicular　eo　the　coast　at　nearly　equal　distances　from　one　another　（Fig．

i），　and　measure　the　depths　（”）　along　these　lines　usipg　the　chartsi．

NVith　the　obtained　values　we　constrtict　vertical　sections　of　the　sea

bottom　aBd　£rom　the　sections　the　mean　vertical　section　of．the　reglon．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　Fig．　i

　　　　　　　　　　　　　　　．　Map　of　Japan　shosving　tidal　station
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．Fig．　一7　shows　such　mean　sections　fbr　’six　re．gions　of　tihe　Japanese

coast．

　　　　From　these　sectional　diagrams，　we　measure　the　breadths　（L）・and

the　inean　．．ddpths　（R）　ancl　calculate　the．　corresponcling　period　（T）　by

・h…rm“la，　T一・∫ニゾ；舞・・7冠甘藷・N・m・唾・・r鱗・・n

is　needed，　because　the　ratio　o£　the　C｛epth　to　the　breadth　of　the　shelf

　　　z．　Charts　used　are　No．　34，　s3，　62，　io8，　r84，　i44，　・r46　issttecl　by　tiie　Japanese　Navy．
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is　exce”edingly　small．　XVe　take

£he　observed　periods　from　the

Jodrnali　of　the　College　of　Sci－

ence，　lipperial　University　of

Tokyo，　Reports2　of　the　lm－

perial　Earthquake　lnvesti．cration

Committee，　and　Bulletin3　of　the

IEarthqwa1〈e　Research　lnstitute，

Tol〈yo　Tmperial　University．　The

observed　stations　are　shown　in

Fig　i．　ln　this　map　the　lines

perpendicular　to　the　coasts　are

the　lines　along　which．　we　mea－

sure　the　depths，　and　the　dottecl

lines　show　the　margin　of　the

continental　shelfs．　・The　ott一一

served　and　calcu］ated　periods

are　con？pared　in　Table　i，　and

thelr　coincidence　is　generaliy

very　good．

　　　　For　the　Slkol〈u　Coast　（Re－

gion　No．　s）　only，’some　explamc　一

　　　　　　　　　　　Table　i．
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tion　wi11　be　necessary．　The　period　of　about　so　mill．　at　Tei　and　Susaki

ma’y　be　said　to　agree　、vith　the　calc疑lated　per呈od　58　1nill，，　and　to　re一．

present　the　osciliation　per量od　of　the　con乞illetlta，1　shelf　in　th｛s　region．

On　the　other　hand，　the　per量ods　of　about　801n｛n．　observed　at　Urado，

Susaユd　and　Yotu　differ　from　the　period　calc疑lated　for　the　shelf　sea，

If　we　assume，　however，　that　the　whoユe　Sikoku　Coast　is　a　great　bay

having　its　mouth　line　through　the　Cape　of　As1zuri　and　Muroto，　then

we　get　85　min．　as　the　proper　period　of　this　bay　with　mouth　correctio聴．

Thus　the　period　of　80　1ni捻。　is　probably　the　osci1血tion　period．of　the

great　bay　which　consists　of　the　entire　Si1くoku　Coast．

　　　　［B］　FoTeeilcrn　coasts：＿Naturally　we　ha▽e　not　many　data　at　hand

for　foreign　coasts，　but　can　give　a　few　examples　of　long　Period　os－

cillations　at　c（1・rtain　open　straight　coεしsts　of　foreign　countries，　observed

when　tunamis　have　propagated　there　from　a　distant　epicenter．　These

examples　are　shown　ill　Table　2，　ia　which　the　periods　for　the　shelf

seas　are　calculated｛rl　the　same　way　as　before　sta尤ed，　and　the　observecl

王）er三〇ds　are　tεしken．　from　the　Jourr｝ali　of乞he　College　of　Science　and　the

Bulletin20f　the　Earthquake　Research　Institute，　Tokyo　Imperial　Uni一

　　　　versity．

　　　　　　　　　　　　　　Tab正e　2．　Examples　of　fore圭gn　coasts

Station

Madras

Negapatam

Pert　Eiizabeth

互（m）

40

60

1王3

Coast　of　Perti 84

Table　Bay

Vizagapatam

14S

90

L　（km＞

2S

50

60

30

60

’

4S

Period　T　〈min．〉

Calc．

84

137

120

70

106

IOI

Obs．

87

90．v120

140

エ05，100・・vr20

80．vi20

3．　Nature　of　the　long－period　oscillations　on　open　coasts

　　　　（a）　The　satisfactory　coincidence　of　the　periods’　calculated　for　the

shelf　seas　and　the　actual　periods　observed　seems　to　show　that　the

prlncipal　oscMations　of　long　period　are　uRduiations　of　the　sheif　sea　；

and　thus　we　believe　that　£he　origin　o£　the　period　should　generally

1．　OP．　Cit． 2．　OP．　Cit．
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bel　ascribed　’to　the　s’eic　water

itself，　but　is　not’attributable

to　the　period　of　vibration　lof・

the・’earth　crust；　・　／
　　　　（b）　ln　pupport　of・o’ur

viexST－we　brlng　forward・the

fact　that　the　conspicuo“s　ds－

cillafions　of　these　periods　are’

observed　not　only　on’　occasions

of　submarine　earthqual〈es　but

also，　frequentiy，　diiring　storihs．

Fig．　3　shows　exan3pl，es　caused

by　storms　and　Fig．’　4・　ex－

aniples　caused　by　eart・hqual〈es．

　　　　（c）　ln　further　support

of　our　View，　we　point　out　the

great　clifference　between　the

damping　of　tunami　caused　by

an　earthqual〈e　and　thae　gen－

erated　by　a　storm．　lf　the

vibrations　of　the　earth－crust

，　・

@Fig・　3
ExarnP王es　of　tindula’tion　caused　by　stOl’1）lll．．
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storm，　tlie　sea　water　will　be　far　tnore　distetrhecl

the　eddy　viscosity　is　much　greater　than　during　a　remote　earthquak

in　calm　weather．

be　the　direct　sbuyce　6f

the　lon．o．’　period　os－

cillatlons　of　water　alon．cr

the　coast，　the　dampin．o．g

faceor　will　be　almost

equal　at　the　same　place．

On　the　contrary，　if　the

origir）　is　in・the　sea

waten’，　it　is　to　be　ex－

pected　that　the　clamp－

ing　o£　the　ttmami　xvill

be　smaller　in　an　earth－

qual〈e　than　in　a．storM，

becE　use，　during　a

　　　　and　consequently

g　a　remo［e　earunquaKe
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　　　　According　to　our　theoryi　of　tunam｛，　the　damping　factor　will　be

e－Ll’V32t，　where　v　is　the　eddy　viscosity，　1　the　time　ancl　B　a　vcalue　such

that　BtanPAI＝＝f’／v，　f’　being’　the　coefiicient　of　friction　at　the　sea　bottom．

翼ow，　Table　3　is　a　compar三soh　o士　the　actual　damp｛ng　factor　or　its

index　（S，vBL’）　in　both　c．rtses　of　submarine　earthquake　and　of　cyclonlc

storm，　and　it　shows　eviclently　’ 狽?ａｔ　the　clamping　at　the　earthqual〈e　is

smaller　than　at　the　storm．　Several　examples　are　shown　in　Fig．　．s．　・

　　　　　　　　　　　　　　’1［’able　3．　Damping’　of　the　undulations
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　　　　（d）　Another　subsidiary　suppoi：t　is　that，　cxs　seen　before，　the　period

of　oscillat－ion　is　not　necessarily　the　same　everyvLThere，　but　differs　ac－

cordin．cr　to　the　locality　of　the　coast，　even　for　tunatnls　caused　by　one

and　the　same　eattthc；ual〈e　anCl　propagated　from　a　very　distant　epicenter．

　　　　The　authors　wi＄h　to　express　their　hearty　thanks　to　the　Hattori

I－16k6kwai　for　the　grant　given　for　the　present　research．

i．　ri”liese　r｛emoirs，　tX，　18，　20r　（i935）・


