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ABSTRACT

Three ‘nderenden~ wave celerity data sets, measured on natu-
ral teaches, are compared with lireaz, bore, soclitary, aznd
hypertolic wave +heories. In the zange of relative water
depithks (.006 < h/Tz< 13 cu/sz) and wave heights (.1 < H/Tz<
3 cm/éz) +ested, hyperbolic wave <kzory, which is an aisymp-

otic form c€ cncidal th2cry in shallow water, agr=zed mcs<

ot

closely with measured wave celeczities, Linear wave th=202y
1lsc gavs sa<isfactory results: bu~ boze and solitacy wavs
thecries cvezestimated <he obssrved wavs speeds. It is ccrn-
cluded =<hat tke observed waves =z=-c wsakly dispersive iz
amplizuds and +*hat cars amust be <aken o apply +he thzocies

2nly in <heir regime <¢f validi:zy.
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I. INTRODUCTION

o gy G a

Cernsidering a&all tha various ~heorias available =9
describe wave «celsri*y, =surprisingly littla work has been
riented tcward comparing wave thecries with data, pacticu- :
1
larly fisld data. Wave celeritiss acguirad in the labora- i
|

| tory.were +*:zs+ed aqgains* wave theories py LzMchaute e% 2

[

(1968); +they ccrncluded +lkat cnoidal wave theory as proposed
by Keulegan and Patzerson (1940), with sguations a tablss
by uasﬁh and ®Wisgsl (19€1), gave a 'best fi+! 'gyticn.
O“her laktcza+cry studies have =suggested apprepzi - wavs
celazrizics <¢ te described by sclictary wave thaeory (Itpsn
L ' and Kulin, 1955) and (Kishi and saeki, 1967), S+tokes <hecry

- {De, 1955), hypertolic/cncidal theory (Iwagaki, 1968). Cel-
! erities measured in <=he field have besn compar2d wi<h lirecac
’ «~haory (Thcra+cn and Guza, 1982), ard bore theory (Br-adshaw,

‘1982) and (Svhayda and Pettigrew, 1977). The validizv =f

varicus thsories depsinds wupor +hs relative Jep+«h (h/L),

wh2re n is *he watar depth and L is *he wavelsngth, and =he

s celative wavszkeight (H) pmeasured in zerms of a wavelang:h
% (/1) or dsp=h (HA) .
,? . In this study, varicus ceieri*y formulae given by pro-
? gressive wave thecries are testsd agaiast celari<«ies
- 9
B
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m2asured in the £fiesld. To test the *thecriss agains: 4z+z

-

“he fphase speed equations require scme ccmbina*ion of wat

W
(3]

dapth, wavehaight, and wave pariod (T). Several relatively

large fi2ld date s2ts did not ©gprevida one er the other cf

~hkese parame=ers and could no= be usad. Da+a which repr=z-

: senrts reflecrted waves from a stesp- beach such as a data se+
collec=2d a+ Fcrt 0Ord Beach, Califernia (Selienger 2% 21,
1983) could act te used. Also, anc*her lazg2 da+: se+, ccl-

lacted by University of Californisz, Be

[B)

k2ley, cCaliforrnia

o

(Moffit<, 1953) using photographic me*khods, was no* irncluded

. .

in =hke szudy. Ttis is becausz <he wavensigk= was omiz+24 Iin
ths wpeasursasnts, Wavehsight mus- b2 i1acluded +c +vzs2

nigher ordez <Lecries, especially if ampli-ude dispersion i3

’ Five wave ~<=teories weze comparsd with wave celeritiszs

measurzd dir <he f1iz21d in water d=zptas from .J37 o 10.0

me*ers, fcr wave heigh*s from .12 *o 1.J mez=er, and fcr-
pericds varying tetween 4.7 2a2d 18.3 s=2conds. Stckas (thild
orier) +hzcry 2as prasan+ed by Huat (1953) proved unsuizalle
due tc the reliatively shallow wa<=2r dspzhs =2acountssed. The

? €cur re2maininc tlrenriss “ested are: lirea: +heory; sclitacy

<heory as moiifisd by Lai*one (1959); boras +heccy as given
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by Kelier €z gl (1960), and hyperbolic <heory »f Iwagzki
(196€8), which is an assyampto*i form for cnoidal %heozy in
shallcw water. |

The data have besan plcttad as a function cf wavaheighz
and water depth versus period ir Figure 1. This chazx=,
adapted frcom LeMehautsz (1976), a=%*2mpts +to quantify regimes
cf arpplicatilicy. Fecr 23amplz, <the diagram :Zrdicates that
<+he da+a dces not fall in the2 S*+okas (thizd order) <hecry
regire where expsrimerta*+icn proved to be true. Addicicn~-
ally, th2 Ursell (Ur) parame*ar (0Oc= HLz/hJ), plo=«zd zs a
dashed line, is coamonly used «0 paramsterizs <hs noriirnear
Waves in snalicw water {(Thorrton and Guza, 1982). For
Stokes <hecry to be valid, +he Ursell vrcarameter shculd be
small, which 1z not the casz f¢r most ¢f =<he daza ceccosid-
ered, In <t: case cf very lcng waves in shallow wazar, <zhe

Ursell params-sr bacomes meaninglsss sirnc2 it Iig dirsctly

1]

propcr=ioral *c =-he square of the wavalangz:h.

Tc dzte-nirte *h2 rangs of validizy for vacicus z-heocises,

0

<he undarlying assump=ions are examined. All ths =hscrizs
presented assume: tke mc+ion %2¢ be irrcta=ionzl, <hs fluid
~0 be iaccmpressikle, no mean curren~ flow, ard ncramal wavs

incidenca. As a consequerce of the wave thsory assumptiorns,




the Ursell parameter can novw be guantified and is izcludszd
for ccmpa:isch Furposes. Ths assumptions for the various

+heoriss and their celerity egquations are as focllcws:

¢ = (gk tanh kh)l/2 M

Assumes: H/b << 1, H/I << 1, /L <K 1%, and Uz >> 1 fcr shal-

low water, hyL >> 1 ard Uz << 1 for 3eep water.

SOLITARY
¢ e [1 0+2® " W (2)
Assumes: H/h < 1, /Ll < .1, Jz=0(1).
BORE:
- v H,1/2 H \1/2
c vgh (1.0 + h) (1.0+-2—h-) (3)

Assupes: H/h=0(1), h/l << 1, Ur >> 1 (very shallow wa<ter).

12
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c = /R (1.0 - ) [1.0 + (1.0 + &)
(8)

2H H,2 1 /1 1 k)
.o+ g @ G- ‘76}]

Assuspes: B/h < 1, h/L < .1, Ur > 1, wh2re K is defined
below. Iwagaki (1968) lizeazized <he computationally 3diffi-

cul« Jdacoclkiap e€lliptic function irnzo2 a modulus K, wazre:
X = r/—fﬁ‘gb /3‘(%)1/2 l.l'o - a (%)n]m

in which a=1.3, n=22 and p=.5 fcr H/h & 3.55
and a=0.54, n=1.5 and w=1 £»r H/h > 0.55

apprexima<icn greatly simplifi2d th» analysis.

+3
r
[ 2
n

13
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II. XPERIMENTS

R i -—

Thres fi=ld data sets are used to compars wi<h varicus
theorias. Experimerts ccpductad at Torrey Pines Beach and
Lzadketrar Beach, Califq:nia were bo+<h par+« of the N2arshcre
Sediment Transgczt Study (NSTS) (Seymcur and Duane, 1978).
Thase beachss weze checser for <4heir relativaly sinmple beach
plar, be<zh unkarzed, and essantially str-aight and parallsl
nzarshkoce ccnicuzss. The +<hird data se= was frcm Seven Mile

Baach, Australia.

A, SEVEN NMIIE EEACH, AUSTFALIA

LT ¢

The Sever M¥ile Eeach (Shoalhaven Bigh<) exparim

113

H

~he scuth ccas< -f New South Walss, Austoalia, was conduczad

[11]
14
D
'.J
')
ct
'z
O
18]
)

in early 1982 ty Eradshaw (1982) . He =2xamiped <h
ship tetween tcrs valccity, heigh+, and wa=er dep+h by ana-

lyzing movie «camnera pictures using stakss driven in*c <«he

11

sand as c—z2ferencas. This *echnique a2xamines each Individual
wave ty ccun=ing the number of movie frames tezwes: ~he fcur
caferencs s+akes to detersine wave spead while reading Ltere

aeight and watsr dsp+th directly frcm <ths incramen<ally

ma-ked s<akes.

14
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The baach is composed of fine quac=z sand and has mul<i-
ple c¢ffshcre kars. Tbhe beach slcpa2 cutside was 0.04, whiie,
<he irnner surf zon2 had a slope cf 0.03. The wavas gernar-
ally troke c¢n the outer tars and then refcrmed and prega-
gazed as kcres inside the surf zone. Th2 outside breakers
ranged frem 1.0 *¢c 1.5 meters.

The da*a are limi<ted <¢ only shallow wat2r bores insidz
+*he treaksr line, wheéere Ltore heights were frtoa Q.1 o 0.30
me<ers in water dep-hs of 0.07 %o 0.42 me<=2:s. Da%a points
are plottcé z2¢ circlass ir Figure 1 and g=z2n2zrally zeside in
“hs very shallcw watar, srall waveheight Tagiame, Cf =h= 27
daza poin<s available, <tree pcirts were iiscardsd becauss
bors heigbk%t grea+tly excesded the watwar depth (3/h > 3).
£xact pericd/frequerncy data was not: availabls for <Le 27
runs; however, during *he =wo-day szxpeczimen+, an 8 zo 12

d. Hencs the mean (10 second)

sacend pericd was observw
pericd is chcsen for ccaputazionzl purposss. This assuamp~
~ion is adegqua<e sinc: orly shallcw wastes bores wer2 consii-

ered and =hey ars assen+tially rnondisparsive.

B, TCRRZY EINES EEACE, CALIFORNIA
Field meacsurements ware made a+ Torrey Pines Beach nsa:r

San Di=2gc¢c, California in Augus* 1978. A de+ailed

15
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descripvicn c¢f <he cexperimpent can be found in Guza and
Thernten (1980), Guza and Tho-ntea (1982), and Thoranwcn and
Guza (1982). Tcrrey Pines is a gentle sloping (.C02) Dbeach
and is compcsed cf fire grain sanad. The WavVvesS wers gerner-
ally parrcw tanded and aorroached the sher2 a< a near norral
angle. Cirec+icral propertiss o the waves were measur=d
using a2 linsar, fiv:s pressura sensor accay in 10 meters
depth. The arngle of swell approach was limited <o the maxi-
num ard aipimum cf +/- 15 d=grees du2 to shzl=esring by off-

shcre islandes and coastline -sstrictions, bu* -he angle was

garsrally 1lsss <han +/- 5 dzgress. Refraczicn analysis
shcwed “hat -he oredominan~ swell waves (T = 13 =s=c.) szaz=-

ing at* 15 degrecs in 10 peta2rs depth re2sulzs Iz angles cf
incidencz cf €.5 1dagrees in 3 me<«=2rs dedth 2z2nd 4.9 3a2gr-ses
in 1 m2t2r dec<h (Thorznton ard Guza, 1992).

The 92 daza pcints, fletz2d as +'s in Figure 1, are gen-

arally rastricted <o the shallow wa%«sz regiae. daveheights
sargzd frcm small =o 2.0 metars, water depths a+ sernscr

iocaticns from 0.27 tc 7.C me=z2rs, 21d mean pericds frcm 9.0
“5 18.) seccrnds. Ths experimenctal domai:z iacluded spilliing

cr mixzd spilling and plunging breakers.

16




C. 1LEADBETTER EFACH, CALIFORNIA

The Leadkbetter Beach, Santa Barbara, Caiiforria, expari-
ment was ccnéucted during the psriod of 30 January +to 23
February 1¢840. Experimar+al details ars describad i:n Gakle

{1981, Lsadlr

h

zter is a relatively straight, stesper slcg-

m

A
-

! ing (.05) tezch composed of fine *o ameiium, wzll-sors

[13)

sand. A =

&

ries of sterns, resultad in &abncrmaliy lacgs
wavesg anl teach erosion fcr ¢he period commencing 4 Fsbru-

aty, 19840. The s=-ozms fcrmed what has bean desc-ibed as a

'S0 year! sStOorm €vent. Measured wave haighzs during *ie

sxperimeznt canged £o- 0.18 o 1.9 nmeter

0]
-

>
[ X
x4
154
n
o
18}
14
(]
(31

depths up tc 16 merers, and pericds from 4.7 =2 16 seconds.

Bra2aking wavs tyrces wer2 cf beth +*he spilling and plurngin

varie+y. Ths 83 San-=a Barbara da-a points, plc*t==d as <zi-
angles i Figurs 1, exhkibiz the 1largest wavehsights &nd

Leadbe“ter Beach has an zast-west oria2n<ta<ion which is
counter ¢t¢ the r2rth-south oriszntazion of the Califccria
cgastlin2, Ihz predcminant northwes* oc:an swell entering
+he narrcw gap Lte-ween Foin< Conception and tke Chanazl
Islands wculd have *o0 refract nearly 90 degrezs <o approach

no-mal to <+the beach. As a cornseguence, =he ~czan swell

17




vaves apprcact a+ a relatively large, well focused angle

from <he west. At other =imss, s-orm waves generz*ed inside

~he Channel Islands apprcached a< lacge angles fzom <the

2ast. Thersfcre, +the wave anguliarity has tc be considersd
1 in +he wave celerity calculations.

Ircident cffshore ssa-swsll was 1easured usirng a fcus

PreSsSurs SenscI square array with € ms+ar la2gs locax=24 ir a

water depth 0f 8 meters. Fr-om these sensors, <he mean inci-

Ih

darce angle a+ “he reak fraguency was dzza2rminzd o *he
nine data se=s. The wave rays were <hen manually -efr-ac=ei,
u using Snsll's Law, frcom the pressure acray loca<=icn *o a
“ point where =he tcttom cottours could k2 coasidersd stzaigh-=

and and parallie¢l %o the beach., Shorawazd of <his point, <hsz

incidsnt wave angles wers calcula<ed using a constant

-~

7

3 ! refractive coefficiznc. ep wa*er anglies varisd bztween

0
0
m
t 4
fu
‘-.
n
"

+/- 20 deqrees and wer2 refrac+zd iato U4 mns=er

f-cm %thete ip+o <he shallower watar zegion of <he curcent

sanscrs. For exzmple, wave angles of 2) da2grees ir 8 me<ers

dep*th, pericd cf 12.0 seccnds, <csesul*ed i3 refrac+

(1]
o)
f
e
0
',J
()]
n

v
gy
=2
4]
ot
"
(2]

of 10 degrees in 3 me<xers decr2asirng o0 5 degrzes ir




Spectral metkcds were utilized %to de+t2raine mean celszi-
ties and wave heigh*s usircg current and prassure scnsor daca
£rom San <[Cisgc and Santa Barthara. The cslerity and wave
heigh® calculaticns are ar average CvVer many wWaves. Since

the record lsng+hs were 34 minutes and the @meas gericd (T)

=
[+
n

aktoutz 12 seccnds, app:oximateiy 170 waves az= averzged
for the spsciral estimate cf wave cz2lzcity. This Is in con-
+rast 20 the camera methc¢ds of Bredshaw (1982) where each

individual wave was photcgraph2d as it passed tha? Zefec2ncse

n

s<akes and waveheigh+ and water depth wera r-ead dirzctly.

Frsssuze and curzent me*sr data wsre <:zlemwezersl <¢
shore whare <they wers Aigitally -zcordsd ax a3 z&=s >% 64
samples/seccnd. The data were avaeraged =o 2 sarples/secch
whick zesulzs in a2 Nycuis+t fraquency of 1.0 Her<zz. Records
warte then ccmpiled into 4(S data poin+ts. By bresaking tas
seTies in+c 256 geint rsccezds, “h2 phase, Kkirezic ene:zgy,
and c¢chsrency sgsc-ra were computed wi-h 32 degrees cf
£r-eedca.

Celesi*y sgec*ra uwere calcialatszd from ~he phase specczra
measur:sd Lretween adjacent paics c¢f curren* m2%ers lccated in
32 lipe normal %o the Leach. The ac%ual celeri-+y (Cx) was
compu*ed using:

2nfAx
Ce(E) = =518y (6)

19
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wvhere, (ax) is the distance bstwes sensors, () 1is the

phase differsnce betwcen sensors, and (£) is the fr2quency.

(4]

It was sacwn ty Thorntcn and Guza (1982), f£or +he Torrey
Pines da<a, +that +the waves can be coasider2d frequency acn-
dispersive such tha+ “ha cele:ity'speCt:a is c¢constar+-, a+
lsas%t ac-ccss the energetic region cf <he spsctrum. H=zce, a
mean cslarity, <cepresenta+<ive of +he 2ntire spac=rum, was
chosen at +*hat value corré¢sponding %o the peak frequeancy in
+he enargy spectzum and is uszd in <he data comparisorn h=ar=.

Alsn, =hz frz=guency a=< *h

4]

spectral peak g2n=2rally ccincidsd

o

wi-h tha maximum cokecency.

Bence, <+hke Tcrzey Pires Bzach celeri4y daza ware calcu-
la+=sd using (6), whera £ = <ZI(p=akK). A< Sar+a Barbara <hs
wave angularity was taken into account. Sinc2® the ceslervi-y
spactrum was calculated wusing instruments in & 1ine noramal

to0 “he bzach, o0aly the x componern*t of celerity is measuzed

n

izsc*ly. The %ctal 'mearn' phase spesd Is calcula<ted using:

C. )
C = C(f) = —F—B— (7)
cos a (£ )
|14
whece, &(fp) igs the mean angls o€ wave Zncidence a%< *he peak

frequency (f,) - calculated as explained apove.
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Th2 roo% mean square cf waveheights was calcula+ed frcom

~he sea sarface variance ¥,, where:

| RMS o (8)
o The sea surface elevation variance is propcrzicnal to +he
: pctern+tial ernsrgy. I* is assumed <ha= <+he pctential and
|
kinetic =pergies are aqual iIn the wave sSystenm. Hencs, M,

was celculatasd usirg the cur-ent meter Kinetic snergy or
using *h2 petsrntial enerqgy of the pra2ssure s2nsors by apply-
ing ths afpgrcpria=e linear +h20ry spsctral <ransier furnc-
<ion. I+ ie¢ =zmphasised tha+ when wuctilizi:z speceral
d2ccmposi*icn c¢f +«h2 curren% sensors, <hsz da<a vwas aver2g<d

in zime such *hat —he wavehsights are rzpresentative ovs=T

i “he ep=ire time cf the m2zsur:=men<.
’ Meen wats:z dep<hs w2zs opzasured £from pressusz sSsnsoCs

assccizt2d with “he curran* mezers.

The erzcr associated wish Tcerrey Pinas Beach czleri-y
F calcula<ions is zstimated %o b2 within 54 Zor the deep wate:
3enscrs and éecreaszs to 1.2% shoreward (Thorazeon and Guza,

1982). The srrcr estimazes are based on +he stabilizy cf

. <he phase es+imates and measurzment =2rrors. Estima=ing sern-
sor spacing errors, depth ercrors, 2aai1 refraction pccbhblems

accoun~ £or +he larger error valus in ds2epss water. 1
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additicnal errocs can ks attributed to the medifica<icn
of the phase speed due to mean currants. The mean curcants
w2re nct suktracted out during spectra compu%ations, hencs x
(0ff shore) and y (lcngsbcra) curcen<s aust be aildressed.
Leadte*ter Beach, with the largest angles cf swell inci-
dence, 2xhibi<=sd a nominal longshore componsnt of 40 cm/se<c.
(max c¢f 80 cmy/sec) in 1 me+er of wa+ter, decreasing seawaxd,
<0 8 cm/s2¢. in 2 meta3rs cf wazer. Siace maximum incidencs
arngles were crn <he order of 10 dagrzses 11 3 met3zs arid S
degrees in 1 me%er, the =srror associazed with <ha mzasurzd

o]

[T}

lzrizy is c2 *the order cf J.5% (1.0% maximum) 2and hsnce itz

.

d in +%t lcwacs

1)}

is negligitl:., The currert me=2rs were loca:
half ¢£ +he wa+ez columr. Thz measured me2an currsns ga2ner-
111y exhibited a slight nerx cffshor2 fiow which is p-esuwred
<0 be balanc=d by +h2 onsher2 mass transport In =he crest-

+rzough ragicn. Therifore, +h2 net on-offsho-e pass <rans-

"

pcr* is =2xpec*ed *o be significan<ly small and i*s effec~ on
*a1z2 cslerity can be <considsred a12g9giigibis (Thoraten and

Guza, 1982).
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Tte ~hrec da-a se+s aze comparsd in Piguze 1 showing *h2

apprcximate regicns of validizy for =Tha vacicus <hsories.

o

®

The daza dc nct ccmpare well with the

-

gking crizsrion for

sclitary waves of H/h = (.78. Note tha= approxima<ely 15

Wb

Jata points £all cu=sid=z +hz H/h=0.78 curve. Thes2 par+icu-
lar wavas were part of a study locking at boces duriag thei:
run-¢r 2xcursicn (Bradshaw, 1982). The waves have excseded
“he maximug ligi- fcr a sclitary wave, bu< bores d¢ nct rec-

essarily ccezrare with sclitazy wave =zheory. Nevsr*+helszss,

studies have indica=ed =ha* Hores should bz classirfied

according ¢ “teir height-+*c~dspth <c=2tis (H/h). Peregrine
' (196€) placss bcres in<o +*hrae ca-:gcriss, Fcr H/h<).28,

~ha bker2 is c2lled undular and 1is composad of a serigs c¢f
andulazions <rw=2dia%tincg tehind +h2 1lzading vave. oo
N. 28<H/h<0.75, tcras ar=2 considered paztially dsveloped and

may kreak, whils, “hs tore is =*ermsd fully devsioped ard

suktject <*¢ large-scale <+urbulsn* breaking <€or H/h>0.75

%

(Suhayda apd Fex-zigrew, 1¢77). Conceivably, Figure 1 shcull
b2 mcdified in +he vezy shallow watser ra2gime =c accgunt fcr

“ha thkrees kcre catagcries,

23
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Q.‘

The data fcr Torrey Fines and Leadbs=zter Bsachzs alsc
dapart fzem the H/h = 0.78 slope. A= Torray Pines Bzach,
Thernten ard Guza (1982) fcund waves insid2 the surf zonz a=z
sa+*uration, H(EMS)/ h = 0.44, A possilble difference is zhe+
<h2 HIRMS) waveheigh+*, calculazed for Torrey Pines and Lszad-
better B2ach data do not recessarily correspord tc thsz indi-
vidual wavsheight wused in <he solitary wave coizaria,
Individual waveheight is also used <for S=ve;n Miie Beach
da+a.

The measirzed phase speeds from +hs -hrse exveriments ars
comparzd wi<h +*he four wavs =thscries ia figuc-es 2-°. Thz
sclid line in figures 2 *hru S5 dzno=es a p2rfect £i< lins
(slcpe=1.0), ths dashed 1is the *Ea3s<c £i<* linear sgua=ic:
line, 2nd *hez dczted lines ar=s “he 95% confiderce intervals.
Table 1 15 3 syncosis o€ a linsar, leas< sjuarss, regrassica
comparing reasursd values ve-sus -he <cheorstical celeriwy.
The eguaticns cf 'pest f£fi+* linzg aze given as wsll 2s the
correla*icr crefficiant (Corr). A1l Qda+ta pcints arsz unti-
ased (givern 2qual weigh=:) when ccmpu=ing Tablz 1 valiues

The 95% ceonfidence ia<2rvals (dct=zd linss) have been
placed on Figurss 2-5 for statis<ical purposss. Any pra-

dic+ticn akcut an iadividual Y (ac+=ual} asscciated wi«k a
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given X (theory) will be most msaningful n=2ar the mpecan of X.
Hance, *he 95% confidence limits arz bcwed inwazid (towazd
*he regression 1line) nrear +he mean of X. The cuzva*-ure
asscciat2d witk the confidence linas is sligh+t due %9 +he
significan® rumber (199) c¢f daza pcints.

A perfect £fitr of +he data tc a -he&ory cousists of a
regressiorn line whose slcpe 1is 1.0 and Iansercen= 1z 0.0.
The regression sgua*ion which is <he best approximatisa cf

<he perfact fit is oresumed =5 be <he most accurats. I=- is

[

apparsnt frcm the 'best £it' (dashed) 1l1linzs of figurzes 2~5

tha% hyperteclic wave *h2cry amos*t clo

n

21y appcscxima<zs +he
perfect scluzicn (solid 1line), whils linsar wavs <haozy i3
only sligh+ly lsss accuracse, Bore <hsory appeacs ¢ Jive 2

r@ar constant cver-estima<icn of phase speed whils sold

o+

w

H
G

T

zhecry dces well at the 1lcw 2nd (<533 ca/sa2c) c¢f <he spec-
tTuam, 3%atis*ically, “he ercors =224 <o rnullify sach c=her

when +the data sets are cotbined. This is a recognized precr-~

grty cf a simple linear regr2ssion and becoae

n
[Y8]
[
e
ot
(1]
o
«
.J
foN)
m
o)
of

While ¢tkh2 <equa*ions of ~ha 1lszas= squarcss lineas regrecs-
sicn suggest that hyrpec-belic wave “hecry may have a sligh=

¢dge; *he same caanct ke said if 2ach b2ach ig aralyzei
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separactely. Torrzy Bipes Bsach is bzast explained by bere
theory, Seven Mile Beach Ly s»oli*ary *heory, 2ard Leaidtatter
Beach by hygsrtolic <heory. We 2lso 10otica a% Saven Mile
Beach that ncne ¢f +the theortias did particulerl well 3t
predicting wave speeds. This shculdl be no surpIise sincs 15

cf€ =he 24 dzata pcin+ts £fell outsids =h

L

regime ¢Z <the wave
t+hecriess censideced.
As can te seen from Table 1, a defini%tive conclusicr

baseé on the ccrrelaticr cozfficiant would be difficul-.

[11]

Corsidering =he teach tcrals, all Zour wave <heories havs

comparebls ceorrslations; thowaver “h2 rzgJrc=2esiosn aqua=icn
’
€2z hyverlclic “teory hzs <the Dbes+t slcp2 and Intercap=t ccm-

biration, ac fur=<h2r shown in Figuze 5.

ze =¢ be a wildzs rang2 of scattsar associztzd

(5]
r
an
(o]
W
(')
Liel
ki 8]
m
n

with *he San<a Barbaza data for which =here is 1no simpls
¢xplanation. Bcth, Torrey Pinss and Lzadbe<=er Beach, 3a=za

s2ws were similazily ccllect=d ani anaiyzed. While i+ isg

=-ne *hat wave refracticn diag-ams werz <c2quired Sor the

San<a barberz data, there is no rzascr <o beiieve zhat ther:2
}

¥ ware significant 2rrorzs iz ths compu=a:ioas. The cffshere
-4

] sanscre frem Leadtetter Beach displayaed li<tle scatter (Fig-
! #

; : ures 2-5) in the data; =since these sensors were subiec: =c
i 3

]
26
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“he largest angles of incidence as well as “he larges:t cel-
eritiss. There mus* be some other mechanism “o 2xplain *he
vidaspr2ad scatter at the intarmsdiate wave speeds.

Guza and Thorntcn (1982) have sugges<2d that the fres-
ance cf svrf szt may be <rcoesponsible for +he differencas
be-ween measured and zheorstical celsri=i2s. Surf beat is 2
lorg r2flec=zsd wave with a vericd cf the order of several
minutes, wavelength of +he order of <hs surf zone width, z:xd

a2 maximum amplituds ¢f the orxder cf£ <he swash a=< the beactk

facs, d=2cresasing offshore. suzf beat causss variaztiocone ir
-h2 wata2r Jespths, pasticuler a< *ksz 2ntinodes of <he

13}
n
th

lec=24 wave, &s perceivsd by =he shortar sea~-swsll wvaves,
This nigh= explain scme of th=2 =sca=<23r of the da=za &% Lead-

bz+~erT since *kc phase speed is dspth degsndern= and serso:

[

placemen= could have coincided with an+*inodal aceivity which

would resul: Zn a lecw frequency modulation of +the water

izp=h abnve =he current mste-s. Surf psa+ also induces ct-
offshcre velcciziles, particular a=* *+hs nodas of <he
r2flzcz2d waves, which «can also affscc <he phase spesd of

~he sea-swell waves. Sernsors placed near +the rodes cf lcrng
waves could sxpsrisnce large ampli<ude <excursions in <he

waves' horizental valccities. These periodic differsnces in

27
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the lcng wave induced velocities could rasult in a degpe

shifting c¢f =lke phase spectra and could account €°r scaz*er

in Leadbe<ter data.
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IV. CONCLUSIONS

Hypertclic theory, which is an assymp.o=ic fora cf cnei-
dal theory in shallow wazer, adpears to giv2 bhest agreement

; wher all <hrce data seots are colliectively analyzz4 and com-

: par=d. leMehaute 3% al (1968) similarily ccacluded cnoldal

*h20ry gave *he best comparison wi<h lzbora<ory da%*a , while
Daar (1965) fcurd croid=2l thesry is valid particulacly in

de2p watsr kut is lackirng for shallow wazisz waves., Linea:x

<heory, on thz c<ker %ard, yields almost as gocd a ccmpari-

son arnd ig compu=ationally easizr, The 3ata 4id nc=< allew

—

£9r a proper <test of wave thecries Ia <the Jdesper wazwszr ani

i ‘ larger wavehaight ceginme.

i Ecra and sclitacy wave <thesoziss 32nsrally cverpredic=ad
*he measured celari*ies while hyperbelic aad lineac theery

~2nded <c slightly wurnderpredice. The differ=snces ave

a=+~rikutable tc <tha2 rzla+ivzs ampli-udz2 being dispsrsive, as

&

[}

pradicted ty varicus -heories, Bor2 ard solitary <hecry ar

s<rengly amplitude dispersive, hypecbelic <hecry iz weakly
- iispersive, ard linear theory has no amplizude dispersicn.
Thereforas, i+ is concluded #hat <+he waves are bes< categcI-

ized as weakly arplitude dispersive.

A R N
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- Ho/Lo=0.14 | | STOKES (4)
=1 o ¥ | |sTokes (3)
— o.
(& -~ I /
e . g / STOKES (2)
B R £ p\\ / /
3 SHALLOWWATERWAVE-— .@@._..E.._ ya. S b
e of & Yo
x Ll / /
5 SQD H & AA a /f /
' IRE i wm=g78 /) HBiNE/6 A DEEP
| : ST n /) ~uATen
: N L, s DNSSERAL AN L e e W e
] E:E‘ ° o =
G o o K VA /
= | oo A0 F : LINEAR
= o 0_1 O*H-: BORE . THEORY
é TH/EORY g
Q .
. Dy S 2 : :
= 1w e :
x /Q\ 2> / N ‘L :
m ?O k] d RN 1 ] LR A ] l 1 R LR lTr T
- leU 10° 10 10°
DEPTH/ T»x2 (CM/SEC/SEC)
Figure V. Regic:s of Applicabili<y
Tofrey Pinss %*% Seven Mile Beach (o)
Leadbe<=ar (a4)




Fi

T TR T

Wi

MEARSURED PHASE SPEED (CM/SEC)
50.0150.0 250.0 350.0 450.0 550.0 650.0 750.0 350.0 950.0 1050.0

1

1

I

/]

)

1

1

}

a
g 4
¢ ’
,I
-' /,
o 4
_.‘ ’l
o A £
/4
4 ’/’A
A
. a
A
- %
-" ’/’
a %
A
A+
é _."' A+$ -%
A A A .
s AR A
N
A .
s AR - a

PERFECT FIT
BEST FIT
957 CONFIDENCE

50.0150.0 250.0 350.0 450.0 S50.0 650.0 750.0 Bs’o.o'ssTo.o 1050.0
LINERAR THEORY (CM/SEC)

gure 2. MNeasured Wave Speed vs. Linear Theor g
T-zzey Pines (+ Seven Mile Beach (0)
Leadbe%=er (4)
n
e
—— -;_ - ‘v’*f Lesdarrin oy




y

MEASURED PHASE SPEED (CM/SEC)

Pigure 3.

1 1 ' J

1

{

.0 550.0 650.0 750.0 850.0 950.0 1050.0

1

i

1

A ] -+ AA‘."'
o .éA
A P
A
. A
. A — PERFECT FIT
A eemaeaa B8EST FIT

50.0150.0 2?9.0 350.0 450

50.0150.0 250.0 350.0 450.0 S50.0 650.0 750.0 850.0 9sb.0 1050.0
SOLITARY THEORY (CM/SEC)

Mzasured Wave eed vs. Sollga:y Thency
Tczrey Pines (+ g Severn Mile“Beach '(¢)
Leagdbet-er (a)

32

e

R Ak 21 <t w




1

L

e
1

-l

L

1

MEASURED PHASE SPEED (CM/SEC)
50.0150.0 250.0 350.0 450.0 550.0 650.0 750.0 650.0 $50.0 1050.0

_ PERFECT FIT
& . BEST FIT
' 95% CONFIDENCE

..............

4

50.0150.0 250.0 350.0 450.0 550.0 650.0 750.0 850.0 950.0 1050.0
BORE THEORY. (CM/SEC)

Figure 4. Measuried Wave Speed vs, Bors Theo:y
Torzey Pines (+ Seven Mile Beach (o)
. Leadbe+tter (a)
? 33
i
3
H —

oy, .
. i,.p.}.";g;‘;%&zf: 'G‘n;‘,‘},? »

e e e e~ -

T ———— e s - —— . _J




T

o
' [
s .
)

P
b
’}. [}
S

i

N

1

d

IR

]

L

|

MEASURED PHASE SPEED (CM/SEC)
50.0150.0 250.0 350.0 450.0 550.0 650.0 750.0 850.0 950.0 1050.0

PERFECT FIT

1

957 CONF1DENCE

1

50.0150.0 250.0 350.0 450.0 550.0 650.0 750.0 850.0 950.0 1050.0
HYPERBOLIC THEORY (CM/SEC)

Figqures 5. Mzasured Wave

Torrey Pinas (+
Lea

— e

—




S R eyl a

TABLE T

S+atistical Comrarison of Wave Thacries

INEAR
¥=6€.3+.384X
Ccrr=.932

L
<

¥=62.5+.759X
Cerr=. 749

¥Y=74.5+.,896X%
Ccrr=.£97

Y=51.9+.932%
Ccrr=,537

Y=36, 3+, 717X
Ccrr=.768

Y=30.6+.862X
Ccor=.891

¥=14,5+, 886X
Ccrr=.936

35

BORE
Y=0.104+.847X
Corr=.955

=-38,.0+.8u4X
Corr-=,625
Y=-18.9+.390X
Corr=.883

¥Y=-39.6+,922X
Corr=.931

¥=39.0+.9 19X
Corr=.920

Y=57.0+.067X
Corr=.697

¥=51.2+.930X
Cocrr=.900

=20,2+4.375¥%
Cczrc=.930
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