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Abstract

Thisstudyinvestigatestheseasonalvariabilityofwavecharacteristicsandrelatedmorphological

indicesontheKaetsuCoastinlshikawa,Japanbasedonlong-termwavedataobservedatKanazawaPort

廿oml971to2012.First,theseasonalvariationsofwaveenergynuxareinvestigatedincombinationwith

thedirectionaldistribution.Mostoftheincomingwaveenergyisconcentratedinthewinterseason,in

whichhighwaves廿omtheWNW,NW,andNNWdirectionfi･equentlyimpactthecoastline.Second,the

characteristicsofwavebreakinginthenearshorearea,andbreakerheightanddepth,areexamined.Re-

latedmorphologicalindicessuchastheclosuredepthandtheSunamuraindexarealsoestimated.The

seasonalvariationsofthesepropertiesindicatecommonpatterns,inwhichthevaluesarehighestinwinter,

mediuminspringandautumn,andlowestinsummer.Thecumulativeprobabilityofbreakerdepthsvaries

significantlyfifomseasontoseason.Theestimatedclosuredepthalsoindicatesdistinctseasonalchanges.

Theseresultsindicatethatthecross-shorewidthofsignificantmorphologicalchangeissubstantiallyvar-

iableaccordingtothetime.TheestimationsoftheSunamuraindicessuggestthattheshorelineisadvanced

duringthesummer,whileshorelinerecessionsgenerallyoccurinotherseasons.Thetransitions廿om
shorelinerecessionstoshorelineadvancesarededucedtooccurinMarch,andfi･omadvancestoreces-

sionsinSeptember.Third,ananalysisofin廿agravitywavesisconductedThepatternsofthedailyaswell

asmonthlyvariationsofin廿agravitywaveheightsaresimilartothatofwindwaves・Astronglinearcor-

relationexistsbetweentheheightsofin廿agravitywavesandwindwaves.
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|･Introduction

Theoceanwavestatisticsplayakeyroleinavariety

ofcoastalprmects.Anaccurateestimationofwave

characteristicsisofcrucialimportance,fbrexample,in

theplanningofcountermeasuresagainstwave-induced

coastaldisasters,thedesignandmanagementofports,the

utilizationofwaveenergy,themitigationofaccelerated

erosionofsandybeaches,theconservationofcoastal

ecosystem,andothers.Asadominantexternalfbrceon

thecoastline,thebasicinfbrmationonincidentwave

characteristicsisextremelyimportanttocopewiththese

devastatingproblems.

LocatedonthemiddlenorthcoastofJapan,the

KaetsuCoastinlshikawaPrefecturefacedtotheSeaof

Japan.Thecoastlineincludesapproximately75km
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alongshorestretchandhasageneraINNE-SWorientation

(Fig.l)Thecoasthasexperiencedvariousproblems

relatedlowaveandsedimentdynamicsduringthelast

decadessuchasthedestructionofcoastalfacilitiesby

violentwinterwaves,therapidandsevereerosionover

themostpartofthealongshorestretch,the廿equent

occurrencesofripcurrentaccidentsinsummer、the

reductionofcoastalhabitats,andothers.Sincethewaves

actastheprincipaldrivingfbrceofsedimenttransportand

arecloselyrelatedtomorphologicalchangeinmanyof

theseproblems,physicalunderstandingisneedednotonly

fbrthewavecharacteristicsthemselvesbutalsofbrthe

influenceonmorphologicalresponses.

OnthewaveclimatealongtheSeaofJapancoast,

severalstudiesinthelastdecadesdemonstratedthatthe

seasonalvariationofwaveheightandperiodissignilicant

(e.g.Kobunee/q/.,1988;Nagai,1997;Shimizu,2006;

Yamaguchie/q/.,2007;Sekie/q/.,2011,2012).More

recentlyandspecifically,Nguyenαα/.(2015,2016)

conductedadetailedstatisticalanalysisontheseasonal

andlong-tennvariabilityofwavecharacteristicsatthe

KaetsuCoastbasedonthelong-tennwaverecordat

Kanazau:aPortindurationl971-2012.Theresults

clarifiedthecharacteristicsoflong-termaswellas

seasonalvariabilityofwaveheight,period｡anddirection

attheKaetsuCoast.Thefbcuswas,however,placedon

thevariationofwavepropertiesattheoffShore;the

availableinfbnnationislimitedfbrthewavepropertiesin

thenearshorearea,andtherelatedinnuenceonthe

sedimenttransportandmorphologicalchangeshasnot

beendiscussedyet.Itisthereibredesirabletoextendthe

previousresearchesandfilrtherexploretheseasonal

variabilityofwavebehaviorinthenearshoreareaandto

estimatetheresultingmorphologicalresponsetovariable

wavefbrcing.

Accordingly,thissmdyfilrtherinvestigatesthe

characteristicsofwaveibrcingandexpected

morphologicalresponsesattheKaetsuCoastbasedonthe

long-termwavedataobservedatKanazawaPortin

durationl971-2012.First,asacomplementaryanalysisto

Nguyenerα/.(2015,2016),themonthlyandseasonal

variationofwaveenergyfluxattheofYShoreareais

investigatedincombinationwiththedirectional

distributiontounderstandtheseasonalvariabilityofthe

magnitudeanddirectionofwavefbrcing.Second,several

kindsofmorphologicalindicesthatarecIoselyrelatedto

incidentwavepropertiesareexaminedinordertodeduce

thecharacteristicsofmOrphologicalresponsetothe

seasonally-varyingwaveconditions.Forthispurpose,the

characteristicsofwavebreakinginthenearshoreregion,

breakerheightanddepth,areexaminedinordertodeduce

theseasonalvariatiOnofthecross-shorewidthofsurf

zonewheresigniflcantmorphologicalchangesoccur.

Moreoverrelatedmorphologicalindicessuchasthe

closuredepthandSunamuraindexareestimatedto

discusstheseawardextentofsignificantmomhological

changeandthedominantdirectionofcross-shore

sedimentmovement,respectively. Theoccurrence

probabilitiesandtheprobabilityofnon-exceedanceof

thesepropertiesarethencomputedbasedonthe

monthly-meanvalues.Basedonthecumulative

probabilityofbreakerdepth,closuredepthsandthe

Sunamuraindextheseasonalvariationofthewidthof

breakerzoneandtheadvanceandrecessionofshoreline

arediscussed.Finally,thecharacteristicsofin廿agravity

waves(long-periodwaves),thatisknowntostrongly

affecttheswashzonedynamicsduringhighwaves(Guza

andThornton,1982;Masselinke/α/.,2003),are

investigatedtoclarifytherelationwithwindwave

characteristics.

ll.FieldSite,DatasetsandMethodofAnalysis

1)FieldSiteandDatasets

TheKaetsuCoastisIocatedonthemiddlenorth

coastofJapanandfacedtotheSeaofJapan(Fig.1).At

KanazawaPortonthemiddleofthecoast,thewave

observationhasbeencarriedoutsincetheearlyl970sby

theNOWPHAS(NationwideOceanWaveinfbrmation

networkfbrPortsandHArborS)prmectbytheMinistry

ofLand,Infiastructure,TransportandTburism,Japan

(Nagaie/q/.,1994).Inthisstudy｡thedatafiFomJanuary

l971toDecember2012havebeenusedfbrtheanalyses

ofwavecharacteristicsandrelatedproperties,unless

otherwisementioned.Twotypesofinstrumentshavebeen

usedfbrthemeasurementsofwavecharacteristics:
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2)MethodofAnalysis

2-1)EstimationofDeepWaterWaveHeight

Priortotheanalysis,theacquisitionratefbreach

yearaswellaseachmonthwascomputedasaratio

betweenthenumberofnonnaldataandthetotaldata.

Whentheacquisitionratewaslessthan70%,therelative

yearormonthwereomitted.Intheanalysis,when

appropriate,thewholeyearwasdividedinto4seasons:

spring:fiomMarchtoMay;summer:廿omJuneto

August;autumn:廿omSeptembertoNovemberand

winter:廿omDecembertonextFebruary.

Thewaveheightswerefirstconvertedinto

correspondingdeepwatervaluesbasedonthelinearwave

(shoaling)theory(e.g.Masselinke/q/.,2003).According

totheshoalingtheory,therelationshipbetweenwave

heightsindeepandshallowwaterareacanbedescribed

as：

Jaごlノ届

Fig．1Locationofstudyareaandwave
observationsite.

Ultrasonic-typewavegauge(USW)廿omJanuaryl971to

July2003atthewaterdepthof20.2m,andDoppler-type

wavedirectionalmeter(DWDM)fromAugust2003until

nowat21.lmofwaterdepth.Inbothdurations,thewater

depthattheobservationsitehasbeenrelativelyshallow.

TheobservatiOndataincludesmean,significant,andl/10

waveheightandperiod.Amongthemthesignificant

waveheightandperiodareanalyzedinthisstudy;

hereafierthewaveheightandperiodindicatethe

significantwaveheightandperiod,respectively,unless

otherwisementioned.Thestatisticaldataprocessinghad

beenperfbrmedintimeintervalsof2hoursii･omthestart

ofobservationsuntil2005.From2006.thedata

processinghasbeenconductedevery20minutes.lnthis

study,thetimeintervalsof2hourswereused.Thetotal

numberoforiginaldataover4decadesisl76,064.

Amongthem,27,174missingdataareincluded,whichis

15.4%ofthetotaldata.Themeasurementofwave

directionstarted廿om2004.

TheNOWPHASdatasetalsoincludesthewave

observationdatafbrin廿agravityrange.Inthisanalysis,

theinfiagravitywavesaredefinedasthewaveswhose

periodsarelargerthan32s.Theavailabledataof

in廿agravitywavemeasurementislimitedinduration

2003-2008.Itisnotedthatthedatalengthofinfiagravity

wavesislessthanlOyearsandisnotsufficientlylongto

obtainstatisticallystableresults.

ｋ
Ｈ
｜
恥 (1)

representsfbrwave

k，istheshoaling

HereafierthesubscriptO

quantitiesatdeepwaterarea

coefficient,whichisdefinedas:

anh2M)、tanhM+M(1-t (2)K,=1/

wherekiswavenumberand/7iswaterdepth.Kisa

filnctionofwaterdepthandnotofwaveheight.Indeep

waterK,=1.0.lttakesaminimumvalueofO.91at/7/Lois

equaltoapproximately0.15(Lo:deepwaterwavelength).

Asthewaterdepthreducesitincreaseswithoutlimit.

Basedonequation(l)and(2),thewaveheightindeep

waterareawascomputedby

anhzM),tanhM+M(1-t (3)"O="ﾉh,/Kw=H,6』

inwhich",6"istheobservedwaveheightand/1is

waterdepthofthemeasurement.

2-2)EstimationofPotentialDeep-WaterWaveEnergy

Thewaveenergyfluxofoceanirregularwavesis

givenbythefbllowingequation(TakahashiandAdachi,

1989;Nagaierq/.,1998)

フ

w釜砿" (4)
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thebreakerheight("b)anddepth(/76)as

"h=ｿﾙｶ．

where"thewaveenergynuxperunitlengthof
、

wave-crest(NorW/m),pthewaterdensity(1025kg/m｣),

gtheaccclerationbygravity(9.8m/s2),7thewaveperiod

(s),and〃",肌､theroot-mean-squarewaveheight(m).

IftheRayleighdistributionisassumed,therelation

between//r"K,withdeep-watersignificantwaveheight"O

becomes(e.9.Goda,2010)

H"恥ユー上〃0乳 （5）
2

Theperiodofcomponentwavesisassumedtobethe

sameastheperiodofsignificantwaveindeepwater

(TakahashiandAdachi,1989;Nagaie/[J/.,1998):

(9)

KeuleganandPattersondefinedtherangeofthe

valueofybetween0.71and0.78.Itisnotedthatdifferent

researchersproposeddiHbrentrangesofy;fbrexample,

Munk(1949),basedonsolitarywavetheory,showedthat

)'wasapproximatelyO.78;ThorntonandGuza(1982)

analyzedtheresultofafieldmeasurementanddetermined

thatthecoefficientywasintheranges廿om0.3to1.1.

Thisanalysisusedthevalueof0.8fbry.

Thecomputationofbreakerheightanddepthhas

beenperfbrmedasfbllows:First,breakingwaveheights

andwaterdepthswerecalculatedbasedontheshoaling

coeffIcient(2)andthebreakingcriteria(9):monthly

variationofbreakingwaveheightsandwaterdepthswere

thenfiguredout;thecumulativeprobabilityofoccurrence

fbrbreakerheightsp("b)anddepthsp(ﾙｶ)were

estimatedtodeducetheseasonalvariationofthewidthof

thebreakerzone.Correspondingcumulativeoccurrence

probability(probabilityofnon-exceedance)fbrbreaker

heightsP("/,)anddepthsP(ﾙ6)werealsoexamined.

(6)7=7b

Incombinationofequations(4)､(5)、and(6),the

waveencrgynuxperunitalongshorelength(hereaner

calledaswavepower)iselucidatedas

2

"-烏"､§兎 (7)

Theaveragedwavepowerinagiventimeduratioll

(/=0to/,,)iscalculatedasfbllows:

P("')-IWp("')"｡

P(ﾙﾙ)=rp("')"

2A，

lpg
Z

/0647rfS

(10a)

"P=上'二"州≦
／0

"0."~7h"A/,(8a)
フ

(10b)
wherethesubscript"denotesthe"-thvalueinthe

waverecord,JVisthetotalnumberofdataduringthe

givenduration,andA/isthetimeintervalofeach

observation(A/=ro//V).Intheanalysis,thetimeintervals

ofstatisticaldataprocessing(2hours=7,200s)wereused

fbrA/.Thevalueof/owassetasthelengthofeachmonth.

Thecorrcspondingaccumulativewaveenergynuxduring

thegivendurationis

2-4)EstimationofCIosureDepths

Theinnerclosuredepthisdefinedastheseaward

limitofsignincantcross-shoresedimenttransportby

waves.Onthebasisoflinearwavetheory,Hallermeier

(1981)proposedaninnerclosuredepthfbrmulafbrquartz

sandinseawateras:

Ｚ
科

、

〃

７
－

隅
糾

一
一
一州ゴ

０

ｒ

ｌ "0"ﾕ7h"△/.(8b) D'-(228-'09")a"
Lo

E=〃ﾉー〕×/0= (11)

Thelnonthlyvariationanddirectionaldistributionof

wavepowerandcorrespondingaccumulativeenergy

nuxeswcrecalculatedbasedonequations(8).

where"oandLoaretheheightandlengthofdeep

waterwave,respectively.

Thisstudyusedequation(11)toestimatethecIosure

depth.Theseasonalvariationofoccurrenceprobabilityp

(Dj)andthecumulativeprobabilityP(Dw)atthestudy

areawerealsoanalyzed.

2-3)EstimationofBreakerHeightsandDepths

Intcrmsofbreakingwaves,theanalysiscombines

theshoalingwavetheorywiththebreakerheightequation

proposedbyKeuleganandPatterson(1940)tocalculate
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０
０
５
４〃6＝0.076(/-6.64)2＋0．68 (14)

Themaximumandminimumvaluesof

monthly-meanofbreakerheightanddepthindicate

essentiallythesamepatternsofvariation.Thestrengthof

year-to-yearvariationinthesamemonthcanbeinspected

fi･omtherangeofthedata,whichisdefinedasthe

differencebetweenthemaximumandminimumvalues.

Thefiguresclearlyshowthattherangeofbothbreaker

heightandbreakerdepthbecomelargerinwinterand

smallerinsummer.Inthestudyduration,themaximum

valuesofmonthly-meanbreakerheightsanddepthare

approximately3.5mand4.3m,respectively.

Next,thecumulativeoccurrenceprobabilityof

breakerdepthP(/I6)isinvestigatedindurationl971-2012

fbreachseason.AccordingtoFig.6,inwinterseason80

percentofwavesbreakattheareawithwaterdepthsless

thanapproximately4､0m､whileinsummerthisvalueis

justapproximatelyl.0m.Namely,insummerthewaves

breakonlyinthenarrowareaverycIosetotheshoreline.

Inthespringandautumnthecorrespondingwaterdepthis

around2.0to2.5m.

Figure7indicatesthemonthlyvariationof

cumulativeoccurrenceprobabilityofbreakerdepthin

duratiOnl971-2012.InwinterseasonlOto20percentof

wavesbreakatthebreakerdepthslargerthan4.51n.In

summer,thewavesdonotbreakatthewaterdepthmore

than2.5m.Inspringandautumnthewavesbreakatwater

areasshallowerthan5.5m.Theseresultsindicatethatthe

cross-shOrewidthofsurfzonewhereintensive

momhologicalchangesoccurissubstantiallyvariablein

timeattheKaetsuCoast.
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Fig.5Seasonalvariationofmonthly-meanbreaker
depthindurationl971-2012.
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Fig.6Thecumulativeprobabilitydistributionof
breakerdepthindurationl971-2012.
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Fig.7Thecumulativeprobabilityofbreakerdepthin
durationl971-2012.

Next,themonthlyvariationofcumulative

occurrenceprobabilityofinnerclosuredepthisexamined

inFig.9.Thefigureillustratesthatinwinterseasonthe

innerclosuredepthsaremostlylessthanlO.0m.In

summer,4．0mseemstobethelimitationofcIosure

depths・Inspringandautumn,mostofclosuredepthsare

lessthan7.0m.

2)CIosureDepths

Thecumulativeoccurrenceprobabilityofinner

cIosuredepthsP(DA)indurationl971-2012atKanazawa

areshownfbreachseasoninFig.8.Inwinterseason,the

closuredepthsareestimatedtobelessthan6.0m

approximately80%oftime.lncontrast,insummer

season,theclosuredepthsarelessthan2・0mmorethan

80%oftime.Inspringandautumn,theclosuredepthsare

around3.0mabout80%oftime.

3)Sunamuralndex

FigurelOdemonstratesthemOnthlyvariationof

Sunamuraindexaveragedoverthestudyduration

l971-2012.Thecorrespondingminimumandmaximum

valuesinthesamedurationarealsoincludedinthefigure

fbrcOmparison.Thefigureclearlyillustratesthatthe
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Fig.10ThemonthlyvariationofSunamuraindexin
durationl971-2012.

Fig.8ThecumulativeprobabilityofinnercIosure
depthsindurationl971-2012.
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Fig.11ThecumulativeprobabilityofSunamura
indexindurationl971-2012.

Themonthlyvariationofcumulative
probabilityofinnercIosuredepthsinduration
l971-2012．

Fig.9
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valuesofSunamuraindicesarethelowestinsummer;the

averagedvalueisaroundl5.Incontrast,inwinterthese

indicesarethehighestwiththeaveragedvalueslarger

than40.Inspringandaummntheseindicesarethe

medium、inwhichthevaluesareintherangel8to35.

ReferringtothedemarcationvalueofSunamuraindex

(C=18),itisdeducedthattheshorelineisadvancedduring

summerandtherecessionsofshorelinegenerallyoccurin

otherseasons.Thetransitionsfromrecessionstoadvances

oftheshorelineareinferl･edtooccurinMarch,廿om

advancestorecessionsinSeptember.Inaddition,the

monthly-meanvaluesofSunamuraindicesaveragedover

studydurationcorrelateverywellwiththefbllowing

secondorderpolynomialwithahighcorrelation

coefficient(R2=0.99).

123456789101112

Time(month）

Fig｡12Themonthlyvariationofprobabilityfor
waveswithC<=18indurationl971-2012.

seasonCislessthanthethresholdvalueover70%of

time.Inspringandautumn,approximately50to60

percentofwavesinduceshorelinerecessionand50to40

percentmaketheshorelineadvance,respectively.

Next,themonthlyvariationofoccurrence

probabilitycorrespondingtoshorelineadvanceP

(C<=18)wasrearrangedandplottedinFi9.12.According

tothe6gure,inJunethepercentageofSunamuraindices

lessthanl8isapproximately80percentoftime・Thisis

tentimeshigherthanthatinJanuaryorDecemberwhich

isjust8percent.Inspringandautumntherateofchange

inP(C<=18)islarge.Theprobabilityexceeds50percent

fromMaytoSeptember.FromtheseresultsitiSdeduced

C=l.1(t-6.55)2+15.14 (15)

Next,thecumulativeoccurrenceprobabilityof

SunamuraindexP(C)isexaminedfbreachseasoninFig.

ll.Itshowsthatinwintermostofwavesinducerecession

oftheshoreline、inwhichthepercentagefbrC>18

reachesaround90%.Incontrast,them"orityofwavesin

summerhavearoletoadvancetheshoreline.Inthis
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theyareO.02toO.03minwinter.Inthefigure,the

maximumandminimumvaluesinthesamedurationare

alsoincluded.Themaximumvaluesofthemonthly-mean

heightsduringtheobservationperiodareapproximately

0.035andO.130minSummerandwinter,respectively.

TheminimumvaluesarearoundO.025minsummerand

0.080minwinter.ThemonthlyvariatiOnofinfiagravity

waveheightsinduration2003to2008canbe

approximatedverywellbythefbllowingsecondorder

polynomialwithacorrelationcoefficientofR2=0.97.

thatthedominantdirectionofcross-shoresediment

transportislandwardduringMaytoSeptember,whileit

alternatestoseawardduringOctobertonextMarch.In

April,whereP(C<=18)isapproximately50%,thenet

amountofsedimenttransportinthecross-shoredirection

isinferredtobesmall.

V.CharacteristicsofInfragravityWaves

1)SeasonalVariation

Thevariationofinfi･agravitywavesalsohas

significantseasonalchangeslikethatofwindwaves.

Figurel3describestheseasonalvariationof

monthly-meanheightofin廿agravitywaves(HL)observed

atKanazawaPortyearbyyear(Fig.13(a))andthe

correspondingaveragedvalues(Fig.13(b))induration

2003-2008.111fi･agravitywavesarethehigheStinwinter、

thesmallestinsummerandthemediuminspringand

autumn・Themonthly-meanheightsaveragedoverthe

durationarearoundO・030minsummer､whileinwinter

theyarearoundO.100m.Thestandarddeviationswere

alsoexaminedtoinvestigatethescatterofdata.The

standarddeviationsinsummerarelessthanO.01m,while

"L=0.003(/-5.67)2+0.046 (16)

2)RelationwithWindWaves

Next,therelationbetweendaily-meanofsignificant

waveheightsandin廿agravitywaveheightarecompared

intwotypicalyears(Fig.14).Thefiguresclearlyillustrate

thatpatternsofthedailyvariationofbothwindwavesand

in廿agravitywavesarequitethesame.

Figurel5comparestheseasonalvariationof

monthly-meanofinfiagravitywaveheightsand

significantwindwaveheights.Thefigureillustratesthat

thepatternofthesevariationsarequitethesame.The
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relationbetweenmonthlysignilicantwindwavesand

in廿agravitywaveheightsatKanazawainduration

2003-2()()8isshowninFig.16.Theheightsof

infiagral,'itywavesandwindwavesatthissitecanbe

linearlycorrelatedverywellbythefbllowingequation

autumnthewaterdepthoftheareaatwhich80%of

wavesbreakislessthan2.5m.Thecumulative

probabilityofcIosuredepthrevealedthatover80%of

timethecIosuredepthsarelessthan6.0minwinter,2.0m

insummer,3.0minspringandautumn.Similarto

breakingproperties,themonthlymeanofSunamura

indicesarethelowestinsummer.thehighestinwinter

season,andmediuminspringandautumn.ltwasdeduced

thatduringsummerseasontheshorelineisadvancedand

therecessionsofshorelinegenerallyoccurinother

seasons.Thetransitionsfromrecessionstoadvancesof

theshorelineoccurinMarch廿omadvancestorecessions

inSeptember.Infiagravitywaveshavethesameseasonal

patternwiththewindwaves.Thepatternsofthedailyas

wellasmonthlyvariationofin廿agravitywavesare

similartothatofwindwaves・Theheightsofinfiagravity

wavesandwindwavescanbelinearlycorrelatedvery

well.

HL=0.055HO， (17)

inwhichthecorrelationcoefficientisveryhigh(R2=

0.96).Onaverage,thein廿agravitywaveheightis

approximately5.5%ofsignificantwindwaveheight.

Vl.SummaryRemarks

Thisstudyinvestigatedthewavedataobtainedat

KanazawaPortindurationl971-2012inordertoclarify

thechal･acteristicsofdeep-waterwaveenergynux,

breakingwaveproperties(breakerheightanddepth)in

thenearshore,andinfifagravitywaves.lnaddition,the

relatedmorphologicalparameters(cIosuredepthand

Sunamuraindex)areestimatedtodeducethepossible

innuenccofwavefbrcingonthemorphologicalchangeat

theKaetsLICoast.Theseasonalvariationofwaveenergy

Huxindicatedthatmostofthewaveenergyistransported

duringwinterseason.Thedirectionaldistributionshowed

thatapproximately80%oftotalwaveenergyincidentthe

coast廿omtheWNW,NW,andNNWdirection.The

patternofseasonalvariationofbreakerheightanddepth

arequitesimilar.Thevaluesarethehighestinwinter,

mediuminspringandautumnandthelowestinsummer.

Thecumulativeprobabilitydistributionofbreakerdepth

indicatedthatinwinter80%ofwavesbreakatthearea

withwaterdepthslessthan4.0m,whileinsummerthis

waterdel)thisjustapproximatelyl.0m.lnthespringand
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