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- BEACH CYCLES IN SOUTHERN CALIFORNIA

ABSTRACT

The large waves dccompanying winter storms cause a widespread de-
mudation of southern California besaches. During the summer period of
gmall waves the szand is brought back, complating an annual ocycle. The
beach barms vary in width with the seascnal changes so that in gensral
they are widest at the and of summer and narrowest at the end of winter,
Variation in berm width i= related also to the spring and peap tides,
the bterms being widsst during neap tides and narrowest during spring
tides, Ths cutting back of the berms often results in scarp formation
8t the top of the forsshore, the scarps bsing most commonly developed
in the fall during the first perlod of large waves following the small
waves of summer. 1In addition to off shore-onshors movements of sand
tere are also important lateral shifts, The sand is shif'tad along
tha beach in the direction in which the waves are approaching. As a
result of this lateral shifv the northwest storms of winter cause the
southern snds of some beaches to grow during the winter, and the scuth-
erly approach during the summer moves the sand north and therefore pro-
duces a cut.

Soms partlally protected beachss lack ssasonal clanges. OJertain
beaches have undergone long period changes which are non-cyelincel; soms
of thase changes are associated with enginsering structures, All
beaches muat have & permansnt loss of sand durding the period of max-
imum cut. This losz from pocket heachss enclosed betwsen hsadlands
is beliaved to be very small eince many of them have very meager
sources of new sand, The mora extenslve open beaches, howsver, have
a large loss of sand becauss of a nat ssssonal migration along tha
shore in the direction of dominant wave approach or because of sand
sattling into sulmarine canyons. In general this loss is replenished
by naw sources of sand introduced by floods and cliff erosion.

Introduction

The Zalifornia state law gives beach rights to owners of coastal
property as far as ths mean high tide lins.} Actually, this line, as
aprlied to beaches on the exposed California coast, is constantly
shifting, bsing affected by virtually every high tide during both large
arel small wave conditions. [uring the course of a year the mean high
tide lines on many beaches shift hundreds of feet seaward and landward,

Several ysars beflors World War I invastipations of the changes in
southern Califernia beachss were begun by U. 3. Grant IV, E. C. LaFond

1 Some old land egrants sxtsnd rights farthser seaward.



and the writer, A mass of records had besn accumulatsd by the btime that
the war interfered with the studiss. Lats in the course of the war the
nezd for information concerning baach landing operations led to the
resumption of ths studies under Navy prants to the University of Calif-
ornia, both at the Berkelsy campus and at Scripps Institution., This
work has continued to dats under Army and Navy sponsorship., As is so
often ths case, the extension of the beach studiss has led to the
finding that the simpls soluticons, which were suggested at first, are
not satisfactory. Many of the problsams ars still unsolvsd but the
data have accumalated to such an extent that some of the salisnt
featurss which have besn observad to date are discussed hera amd an
astampt is made to interpret soms of the resultis.
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Dafinitions

The present discussion restricts the term M"bzach" to sediment-
covered areas along the shore which are exposad by the lowest tides
and covered by the highest tides and largest waves., Fisure 1
illustrates varlous beach terms usgsd in the present artiels., This
diagram is taken with slicht changes from Shepard (194Ba, fig. 33) and
is also very similar to that which appeared in the Interim Raport of
the Beach Erosion Board of the 1, S. Enginsers (1933). Tha diagram
indizates the common featurss of beaches, coast and offshore, although
most beachss lack some of thess features at laast part of the time,
Thms many beaches have no berms and others lack low tide terraces.

The berm crast of earlier diaprams is changed in the present treatment
to berm sdpe because crest suggests a2 high polni whereas the outer
berm margin may be the lowsst part of the berm, gsp2cially on fine
sand beaches. Seaward of the berm edgs the shore slope may be sven or
a2 bzach scrap may exist (figure 2). The latter may be wvertical if
recently cut, but the scarp is scon reduced to an angle of réposs as
shown in the upper scarp of Figurs 2 where an old scarp has baen
partially coverad by the bullding of 2 new berm. Subsaquent srosion
has formed a naw scarp, cubting away a portion of ths double berm.

I'he beach may be horizontal inside the berm edge, i1t m8y slope shore-
ward, or it mey slops seaward.

Chanjes Assoglated with Hrealker Hsight

Seasonal Chaneges in Beach Profilss. In southern Californis the
largs waves reaching shore some mostly from the stormy arza lying
100 to several thousand miless off the ceast, On soms ccocasions bthase
waves are augmented by loeal windstorms which rarely exceed 30 miles
an hour, The storms which produce most of the high waves cccur during
the winter and spring, although occasional pericds of large waves are
obsarved during the summer. Most of the high summer waves come from
gales in high latitudes in the southern hemisphers, but a few are
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derived from the hurricames off and alonr the Mexican coast.

Since most of the large waves occur in winter and spring, it is
not surprising that the beachss are most denuded of sand during those
sgasons, A comparison of prefiles taken aleng tha same range_at 2
serizs of southern California and central Jalifornia bea:l-'ﬂspz
(figures 4, 5, and 6) shows striking seasonal differences. Almost a1l
of the beaches in southsrn California are cubt back in winter amd spring.
The berm virtually disappears from many of the bsaches. In soma casas
ths sand cut from the outer berm is piled up and forma a high bern on
the inside above the previous berm (ses the Pt. Reyses section, figure
5)s Howevsr, the great bulk of the sand cut from the berm is carried
seaward. In some cases fill takes place on the lower portion &f Lhe
foreshore (see figure 5) but more commonly the sand is carried wall ba-
yond the low tide lines.

The ssctions along Scripps Beach (figure 6) show that winter cut
takes place adlong this entire beach. Howsver, the cut is small along
sections F to H, and is large in sections C and D. The differsnce is
tha reslt of wave r=fraction due to the La Jolla Submarine Canyon
(Munk and Traylor, 1947). Because of divergence the waves are much
lower 2long sections F to H, which lie on the inside of the canyon
(ses figure 9), whareas the waves reach a maximum at C and D which re-
pressnt the zone of convergsnce north of the canyon. OSimilarly the
gut is veary small on the south side of Pt. Sur (figurs 5) whare the
beach is protected from the violent northwesterly storms and very largs
on the north side where these storms hit with great fury. The south-
ern ends of ssveral beaches build seaward in winber and cut back in
summer, These special cases will be considered latsr,

Borm Variastions. Most soubthern Californmia bsaches have besrms at
lsast during the season of greatast growth. The berm width is a good
index of beach variation throughout ths year and the necessary data
are more easily obtained than are profile msasummsnts., The varlation
with ssason at a series of besaches in southern California 1s indicated
in Figure 7.2 Many of these graphs do not runm through the entirs year
but they all show the change from winter t¢ summer 80 that the rest of
ths cycle 2an be inferred, It will be obssrved that the majority of
these graphye show summer fill and winter cut, besing in agresment with
the profiles of Figures 4 to &6, Ths excaption at San Onofre at the
south end of the Cove (Fance Station, section G) is particuarly im-
preéssive since it has besn observed for 5 ysars and is tharefore
almost. as wall satablished as are the norm2l changes ab the La Jella
beaches, The reverse from normal wintesr cuttlng in the viecinity of
the mouth of Mlssion Bay (sections T and U) is probably an unusual
occurrenca. Fragmentary racords of this ar=a taken in other years show
summer £i1l and winter cut. Balboa Pler (section B) and Worth San
Clemente (section E) may have winter fill and summer cut although the
ovidence is not very conclusive, The beach at Balboa Pier faces south-
southest and is largely protected from the winter storms, wheress it
is exposed to the long southsrly swell of summer, This may explain the
apparant reversal.

2/ See Figure 3 for all beach locatlons, sxcept those in the La Jolla
arae which are shown in Figure 9. Shepard (194Bb) includes mors
datailed maps of most of the areas.

3/ Wote that the base line for these graphs represents an arbitrary
rangs.
3



A daily study of the berms alone the bsach south of Scripps Instit-
ption showsd soms of the factors causing this berm variatien, Two
miajor factors are illustrated by Figore 8. Ths berms ars cut back as
the result either of large waves or of the high water levels of spring
tides. Both ¢of thess influsnces san be detected from the variations
of the berm at Seripps Bsach. The hizhest waves indicated on the
diagram, Juns 12th, were quite free from berm culting because this
happened to be a time of very low tides so that the large waves wers
unable to attack tha bsrm. Ths effect of the waves on the berm is not
as well illustrated as is that of the tide during the pericd covered
oy Figure 8, although the slow berm growth in late Septembsr during
a pariod of gradual insrease in the height of the higher high tide but
of small waves is unmistakable evidesnce. The cuts indicated on about
the 19th of Cctober during a period of decreasing tide heights is also
3 wave effect. In some instances, not shown on the diagram, ths bLerms
at Soripps Bsach have been cut back 50 feet or mere durlng the first
period of large waves fellowing the small waves of the summar. Such
larpe cubts, however, have almost invariably oceurred during spring
tides.

The variations in the berm width will be seen to be largsr at
the two stations on Scripps Beach where the waves are higher as a
result of convergence north of a submarine c¢anyon than at thes
station talen at the head of the canyon where the waves are much
smallar.

The cutting back of the berm during spring tides and timsa of
hizgh surf takes place as & result of the surps of the waves over the
berm edee. Ordiparily the water returns along concentrated channels
causing the straight berm edge tc bscoms crenulated. After 2 moderate
ratraat the ridgse between bights 2re attacked by the convergence of
the incoming surse so that the bsrm sdge is again straightened,

15 iz possibla that berms grow zesward by the direcht addition of
sand at the outer edge, but daily observations of berm growth at La
dolla indicate that the building out of the berms takes place by the
development of double berms balow the =dgs of the main berm. If low
waves prevail, thesse double berms start daveloping during nsap btides
and are pushed landward during the succeedine spring tidss. If the
beach is underpgoing a peried of growth, the new berms are addad to
bhe old ongs, oftean with 1ittle break in slope betwasn the new &nd the
old, Therelore, during these building perieds sach semi-lunar tidal
cycle may show 3 new increment added to the old berm.

Scarp Formation in Retrsating Barms. It has been ohserved that
the beach berms may retrzat with an sven slope or the retresat may be
rzgompanied by scarp formation belew the berm edge, (fimurs 2), The
sCcarps are mach more common on steep coarsa sand baaches where they
noet infrequsntly become 5 or 6 fset high. They ccour less frequently
on fine sand beaches, and, so far as has been obssrved, never with
more than one or two foot elsvations. The scarps devalop during pariods
of large waves, particularly if ths berms had bssn built out previously
to thelr greatest sxtent, ss for example at the time of tha first
large waves following the summer and fall psriod of berm growth,
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There is soms evidence that scarp development comes more at times of
neap tides than at spring tides.

During local storms where short period waves cause heavy surging
over the edge of the berm, scarps are less frequently developed., Thus
profile measurements on Cape Cod just before and just after a relative-
ly weak horricape which it the coast in 1945 indicated a straightening
of the slope (Shepard, 1949a, -figure 19). Iespite the wviolence of the
storm and the great retreat of the berms, no scarps were discovered.

So far as can be told from available information, scarp formation
is the rasult of concentrated surf action on the slope below the berm
edgs, AMApparently the scarps develop on steep beaches better than on
gentle, because the waves break nearer the berm edge and therefore
violent cutting is more likely. The backwash down from the berm edge
ie mecessarily more viclent on a stesp beach than on a gentle bsach.
The foreshores are always stespest after the berms have been extended
seaward so that this state favors scarp formation. During neap tides
the waves tend to develop the most concerted position of attack and
thus to produce searps,

Beach Changes Relsted to Wave Approach

Shifting of Pocket Beaohss. Years of measurements of La Jolla beachss
have shown numerous examples of cut 2t one place and contemporanecus
£111 at another, The shifts which take place in the small pocket
beaches along the rocky coast which extends south from La Jolla are
particularly impresive (figure 9). Boomer Beach, near La Jolla Covs,
shows the most rapid transformations of this type (figure 10). On cc-
casions during the oourse of 24 hours & § to 10 foot thickness of sand
has virtually disappeared from ons end of the beach, whils at the
same time the sxposad rocks at the other end have becoms burisd in
send to depths ranging up to about 8 feet. In gensral these changes
take placs more gradually as shown by measurements at 4 polints evenly
spaced along the beach (figure 11).

The shifting of sand along Boomer Beach 1s very definitely re-
lated to the direction of approach of the waves., This was olearly
indicated by a period of southerly approaching swells in September
1649 which gradually modified the beach, cuvting eway the scuth end
and building up the north., Later northwesterly spproaching waves were
accompanied by a beach change in the opposite direction. Since the
beach faces northwest, the southerly swell, after refraction, approachss
the beach from the south side and thus inducas longshore currents to
the north, accounting for the sand shift in that directlon. Since the
northwest waves approach essentlally normal to the beach, the reason
for the shift of sand to the south i3 not as obvious. However, these
waves from the northwest carry water over the resf lylng outside the
north end of the beach and this water can escape only to the southwest
along the shore, producing soubherly currents. The longshore currents
under the two direotions cof approach produce rip currents as follows:
{1) mear the north end of the beach but south of the reef with south-
erly waves, and (2) near the south end of the beach with northwesterly
approach, The longshors currents transport ssdiment towards these out-
moving rip and small counter currents ocarry & portion of the sediment
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landward inside the rips causing a local building of the beaches. This
explapnation is probably far from complete bubt must suffice while await-
ing more information from concurrent studiss of bottom water and sand
movaments using currsnt meters and ssdiment traps.

Casual observations of shifts of this type might lead one to the
belisef that the waves slmply carry sand along the besaches from ong point
to another, as suggested by Laypoldt (1941), rather than move it sea-
ward and shoreward, Such an idea, however, loses its forge when the
effect of any unusually large waves is observed (figure 11}, At such
times the bsaches are cut back by wave attack at all pointa where sand
exists at the initiatlon of the waves.

In the pocket beach known as Windansea (sse figure 9) thers is the
same snift from north to south in winter. The magnitude and clerity of
the se changes - at Windansea is indicated by profllss made at two-wesk
intervals (figurs 12). The appsarance of these pocket beachss is changed
so completely that one unfamiliar with the local sstting might think
that they reprasented different localities.

The clanges at Windanssa Beach diffsr slipghtly from thoss at
Boomer Reach because thers is a submerged ridge off the eenter of the
beach which causss wave convercence and piling up of water along the
shore directly inside, similar t¢ that described elsewlere for the
converpgencs at Seripps Beagh (Shepard ard Inman 1950). When fhe waves
approach from the northwest along ths north-south trending beach at
Windansea, Lhe water {rom Lhe convergence moves dominantly south and
tha principal Tip current extends seaward nsar the south end of the
beach, This in turn is accompaniad by an eddy which builds up the
sand at this and of the beach, The southerly approach reverses ths
direction apd position of these currents, as would ke expectad,

Shifting of Beach Near a Submarine Canyon. The long, relatively
straight beach which extends for a mile south of Seripps Institubion
(figurs 9) is under the special influence of waves refracted by La
Jolla Submardine Canyon, In penzral the maximum srosion occurs at the
waye convergsnce north of the canyon. leter is moved shoreward in
this zone of convergence and the resulting vise in sea level develops
longshore currents flowing out from the conwvers:anee in both directions
(Shepard and Inman, 1950, figure 3). HA=z a result the material stirred
up by the waves i¢ moved in either direction. Munk and Traylor (1947,
figures 8-12) have shown how the zons of wave convergence miecratas
gccording to the direction of approach and the pericd of the waves.
The =sasonal wariation in the dirsetion of wsve appreach chanjmes the
pogition of beach cutting.

A portion of the material cut away at the peint of convargence
teruts to be doposited st a position which liss midway betwsen the large
rip whizh turns seaward from 2 feeder current derived from the convar—
gence anpd o small rip which moves out from the divergense (sea Shepard
and Inman, 1950, figure 3}, 1In this zons there are weak counter
currents which earry material in to the besach. The 2ong is marked by
a point of sand which is occasionally covered by great masses of kelp
and esl grass. This zone of weak counter currents also shifts to
some extent with the ssasonal wariation of wave approach.

&



In soubhern California & change in direction of wave aporoach usuwally
cosurs in the fall. Uuring ths summer =ost of the larpgs waves have bsen
coming from ths scuthern hemispheres. Westerly and northwesterly aprreach
set in during occasional storms in the fall snd are repeated at infreguent
intervals during the winter and spring. In spring the approach again
becomzs wmore soubtherly. The resplt is that in general the converpence
is farthsr to Yne south during the fall and winber than in the spring and
summr. Similarly the inter-rip gone of deposition is also shifted in
the same direction. These effeots have been shown during many years of
measurement of sand height along the sea walls, Changes cover a period of
7 yeara ara indicated in Figurs 12 where station D rsspresents the con-
vergence during the winter and stabion R the convsergence zone during the
spring.

fetually tha effect of large breakers is to produce cut all along
the Scripps Beach, as was shown to be ihs case at Boomer Bsach, Howaver,
the cutting is greater at Lhe sonvergences and smaller at the inter-rip
zonzg and at the divergsnces.

Unusual Chenses at San Onefre. The cove at San Onofre (Shepard,
1948b, figure 11), 50 miles north of San Dispo, was cne of the places
ehesan for beach profiles started in 1945, At the and of the pericd of
measurement s one station at the south end of this cove had proven to
have a reversal of the ususl wianter ocut and summer [11l1. Az a result
obgarvations have bean contimged at infrequent intervals un to the pressnt
time. During tha four and a half years of berm width obssrvation, the
sam= cycle has been repsated anmually (figure 7, section 3). Supsr-
imposed on the cycle is a rnet retreat of the «oast in this arsa, the
bank being cut back = little sach summer.

The sitwaticon is somewhat similar to that at the south end of Boomer
Beach where the sams reversal takes place. The San Onofre locality,
called "Fence® (bscaunse of a barbed wire fance remnant), lies at the
south end of the cove,., OQutside this part of the besach there is a broad
boulder—strawn Lerrace which 1s laid bare in part during ths lowest
tides, This terrace 15 more pronounced to the sonth where it oroducss
conditions for good surf{ board riding at high or immediate stagpes of
the tide, To the north, nowsver, there is deeper water adjacent to the
beach although similar boulders are exposed in 8 fringe below the =and
at low Lids.

It was suppesed at first that the winter berm building 3t tlds
unnsual station mast be balanced oy a cut at She north ¢end of the beach
and the summsr cut 3% WFence®W station by a [ill Go Lhe north. Homvar,
this has not proven %o be the case, A& station called MCrescent™ in
the center of Lhs cove and a station called "North San Onofre" ai the
narth end have been obsarved for the past three years., Thase stations
have shown wery little change and northing which ¢ould be called ssason-
al. It was thought alse that thers might be & reversal in longghore
currants with the coming of winter. Measumments of the longshore
currents made abt 10 day intervals for a year, however, failed o show
any apprzciabls diffsrence (Shepard; 19486, p. 33). However, the change
mist be related in some way to the change 1n dirsction of wave approach
during the s=asons,



Beaches Lacking Cyclical Changes

The berm variation disgram (figure 7) shows 2 number of cases where
beaches appear to have undergone little if any seasonal variation, La
Jolla Cove (figure 9) a locality not included in the diagram because
measuremsnt s are not available, has been obssrved on many occasions
over the past 15 ysars, The narrow beach at this cove varies only
slightly in width during the year and, unlike Boomer Beach which it ad-
joins, is not cut down to underlying rocks. Whsa large waves are
approaching from the right direction (west-northwesst, long-psried being
the best), waves sweep high up onte the beach, sometimes reaching the
glifis at high tids. On such occasions the baach is stespened and
‘vogasionally small scarpe are cut. When the waves have subslded, the
beach grows back very rapidly to normal. The removal of the entire
basach would constitute no grsater cut than takes place during ons
storm at Boomsr Beach. Howsver, the situabion differs radically from
Boomsr Beach in one respect. A reef on the ountside, which is exposed
at low tides, prevents the waves from breaking directly on the Cove
beach.

Less certain evidance suggests that Shell Beach (fizure 9), south
of Boom:r Beach, is not greatly affected by wintzr storms, This beach
like the Cove beach, is protected by off-lying resefs, Similarly Casa
Beach, which is protected by the small ssa wall at the Tasa de Mznana
Hotel and is therefors not attacksd by large wawvep, shows 1ittle
geagonal wariatiom. Cass Beach did pot exist wnbil the ssa wall was
built. The wall was constructed to form a semi-protected pool for
swimming, but, because it has stopped the summer sand movemsnb to the
north, the pocl has gradually filled in., OSluices which allowsd watsr
agcass from the ocean to the scuth proved %o ba too amall to prevent
southward migrating sand from blocking this circulation so that a
natural trap developed which held sand carrised in from ths northwest.
The beach now n2arly fills the pool. On rars occasions cutting on the
south sida of the wall sxposss the sluieas (figure 14) and allows a
small portion of the sand to sscape, but thls has never clearsd out
the sand fill nor appregiably influsnced its size,.

Long-period Changea

In addition to seascnal changes or storm outting, long-perioed
variations ccour on some of the beashes., One of ithe most puzgling of
these is the spparsnt growth of the beach south of Soripps Institution.
Part of the svidence for the srowth comss from accoynts of old residents
who claim that in winter it was not unusual to rind cobbles all along
the beach. Confirmation of ths demded stats of the bsach comss [rom
old photographs (sse Shepard and Grant, 1947, pl, 3, fimre 1) although
the avidence is not as complete as op2 would 1lke. The sobbles warae
exposed during the winters and springs of 19374 to 1946, but nsver to
the extent déscribed by the clder residents. Since that time the sx-
posures of cobbles have become very restricted in ares amd of very
short duration, In the past two years (winter apd spring 1948 to 1950)
only scattersd cobblss hava bzan sesn. Fartharmore, the bsach profiles
snew a great ¢ubting sven at the points of wave convergsnce

8
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The causz of the failure of the beach to out desply during thes
atorm seascn in recent years is not readily apparsnt. The waves in re-
cent years appear to have bsen of comparabls size to thoss existing when
tha beach was considerably denudsd. Furthermora, there heve been no
heavy rains since 1938 which ecould be expscted to provide larze suppliss
of sand for beach tuilding, Eresion of the alluvial clilifs, which is
probably anothsr largs source of sand for the besach, has been decreasing
in recent years and has entirely stopped along two-thirds of bthe ¢liffed
drea bscause of ths bullding of sea walls, Accordingly, there is neo
clearly evident cause of the growing stability of this beach, In addition
to this inereasing stability, the sand along Scripps pler is slightly
shesler than in former ysars and alse the btroughs and bars formsrly
fnund}along the pier have not bsen dstacted in recsnt y=ars (Shepard,
19496} .

Chanres Assogiatad with Unsinsering Structures

The unusual summsr cubt nzar the entrance to Mission Bay refarred
to previcusly is poessibly the result of dradging in Mission Bay which
strengthensd the currents in the approaches to the bay. Continuing
changes can be expscied besesuse of bhe building of the breakwatsrs
comnacted with the new harber and the San Mego River drainsge channel,
The extensive cutbing reported in recent years at Oopanside may ba
asseciated with the jetties abt Camp Pendlebon %o the north. A sz2rious
cut at Redonde in the los Angelss arez is the result cof a breakwater
which prevents intrecduction of szand Irom the north so that the cutting
of winter storms 1s not replaced by a summur f4111. The cathting is
agcentuatad because the locality dis just nmorth of & submaring canyon
head.

Belation &f Baacgh Chaneres to grain Sizs

Obsarvaticns of the seuthsrn California beaches indicate that
changes are much more rapild whers the sand is coarss than whers it is
fins. The stesp, high scarps are also confipnad to coarse samds. Jlor
gxample, the baaches around La Jolla Point which have sand avzraging
about 0.5 mm. in median diameter underpo much faster changss than do
the long, fine-sand baaches like Scripps Deach and the beach alt Mission
Bay. The complete disappearance of the coarse sand of the northsrn
portion of Boomer Besach in one storm has been mentionsd previously.

beg A causs for bk rapid a2rosion of coarse sands w¢ can peint bo
tha steep foreshors which causes the waves to break much clossr to the
berm edge. Also the vaciwash gathsrs mors momentum running down ths
sbesp slopes bhan down the gentle slopes of fine sand bzaches.

tonsgrvation of 3and Supnly

Tha observation of besach cycles, particularly in the La Jolla
area whare 15 y2ars of observatioreEare svailable, has shown that the
beagh is cut every winter and built up every summer without any
evident degrease in the total sand, This is partially substantiated
by profilez of the maximum cub and maximem £i11 aloneg the Scripps
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Institution pisr over a psriod of & years (figure 15). Many of the
beachds of California have besn mapped with sufficient care by the Coast
and Qeodetic Survey for bthe past 50 or =ven 75 years to tell whathar

or not thare is any large net change. Compariscns indicate that very
littles hz=s happened during this psricd sxcept whars shifts have resulted
from-the bullding of jetties and other enginsering structures. This con-
sarvation of the sand supply mest indicate either that mew sand is being
added as fast as old is lest or that the same sand washed out during the
winter is carrisd back during the summer,

Beaches like Boomsr in Ls Jolla appear to have little souroe of new
sand becanss there are no appréciable streams sntering even during
flonds, the ¢liffs 2re being srodsd very slowly (probably nct more than
an insh in 10 years) end the jubting rocky points on both sides prevent
acgess of new suppliss. Therefors, it appsars virtually certesin that
the sand removed during the winter must return during the summer. It
might be supposed that in an area wigre the prevailing direction of wave
approach altarnates with vhe ssason, ths sand supply would be consarved
providsd bhat the components of wave snergy aleng the beach from the
two directions were approximetely squal. Metually there are few, if
any, areas in scutharn Califernia where this condition axists. Boomer
Beach, which faces nerthwest, may be an exception but sven here the
principal cause of sand conservation i& probably the jubting hzadlands
which prevent longshore mipgration. Elsewhere, zlong more open beachas,
the southerly swsll in summsr probably balances only a part of the
south drift coming from the nortiwest storms of wintsr. This is parti-
gularly %rue along portions of the ceast extanding sast and west, such
as the Sants Barbara ares whate the waves spproach predominantly from
one direction throughout the year. Therefore a larpge, new sSupply
appears to be mscessary to take ths place of the sand drifted along
the coast durine the period of beach cutbing. This is demonstrated by
the disastrous aifsots of the btuilding of the Santa Barbara breakwater.
Shortly aftar it was buiit tha beaches to the east bscame deeply srpded
becausa the soures of sand from Lha west was removed,

Parmanent loss of sand from the beachss =usl ocour 3lso where sub-
marine canyon heads sxiend in closs to Lhe coast. The repsated msasure-
ments of profiles at canyon heads show that fil1l 45 dnvariahly followed
by deszpaning (Shepard 1949b). kvidence from Redondo plar and from the
pier at Meoss Lamding shows that the changss at the canyon heads are
relatively rapld (Shepard and Emery, 1941, pp. 94-103), probably occurr—
ing as slides ar "mud® flows of the accumlated sediments This process
carries material oul Ww ==a whare 1b must certainly get beyomd ths
raach of btha ghersward pnsh sxerted by the waves during summer conaiticns,
The intreduction of new sand from en up-current arsa sxplains Ghs per-
sistence of Lhs beaches in Lhe canyon areas, furing northwest siorms
large yuantities of sand ars carried seuth along Lis coast, After the
storm waves have Jecrezsad, ths portlons of this samd which have not
fallen inte ths camyon cresp shorsward, Imilding up k@ beaches, An
indication of the importancs of this source comsa from Redonde where
the consblruction of a brsalwatar cut off ths sediment from tLhe norbth of
Redondo submsrine ocanyon. A A4 result the sapd which was carried inko
‘the canyon could not ba replazsed. The oeach hap been entirely removad
at this point and desp water =xtends up Lo ths shore which is protected
by largs blocks of rock.
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FIGURE 2. SCARPS AND BERMS AT WINDANSEA BEACH. OLD SCARP LARGELY BURIED BY THE
DOUBLE BERM AND LOWER SCARP FORMED SUBSEQUENTLY.
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FIGURE (0. S0OUTH END OF BOOMER BEACH UNDER CONDITION OF SQUTHWEST
WAVE APPROACH (TOP PHOTO)} AND NORTHWEST APPROACH (BOTTOM PHOTQ.)
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FIGURE 4. SOUTH SIDE OF SEA WALL AT CASA POOL WITH SAND CUT LOW
ENOUGH TO EXPOSE SLUICES. NORMALLY, THE SAND IS BUILT UP NEARLY
TO TOP OF WALL.
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