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Long sh or e di str ib uti on s of beach sa nd (1983 -1987) in a 17.2 km lon g su bce ll (Sea l Rock s­
Yach a t s Point) of t he ce n t ra l Oregon coast hav e been st udied t o documen t in terannua l va r ia ­
bilit y of longsh ore t ran spo r t resultin g fro m a nd following the a nomalous 1982-83 north Paci fic
cli matic ev ent. Some 4-8 x 106 m3 of bea ch sa nd wa s d ispl a ced northw ard from the 7.4 km long
sout he rn end of t he hea dla nd bounded su bce ll during th e 1982-83 winter. Th e 1982-83 volume
of inte ra nnual longs hore disp lacement (5 -11 x 102 m3 per met er of s hore line d istance ) from t he
southe rn 7.4 km of t he cell exceeds a reported a nnua l seas ona l exc ha nge (across-sh ore ) from a n
adjacent cell by a t least a factor of 5.

The northwa rd displacem en t of beach sa nd in 1982 -83 resu lt ed from (1) a south wa rd 100_15 0

la t it ude 11,000-1,500 krn) sh ift of th e win ter (Dec .vFe b.J geos trop hic wind guide (10 14-1016 mb ),
i.e.. a proxy for t he seas ona l sto r m tra cks , rela t ive to a 16 year mea n of 50_55° N. a nd (2) a n
abo ve a ve rage <but not except iona l) energy of wi nte r wave climate, ba sed on wee kly a nd da ily
mean significa nt wa ve heigh t s !HI,.). An EI Nin o-Southern Oscillation (ENSO) rel at ed e leva t ion
of mean sea level (some 30 ern a bove a 16 yea r mea n) mi gh t ha ve fac ilitat ed offshore tra nsport
of t he bea ch sa nd du r ing t he win te r per iod , bu t it is not cons ide re d to have been impor ta n t in
t he longshore red ist ri bu ti on s of beach sa nd. A two ye a r de lay in t he sou t hwa rd ret u r n of the
northward di sp laced sa nd corresponds to wint er geostrop hic wind guides of very hi g h la t itu de
{55_65° N >. Histo r ical r ecord s of eros ion an d acc re t ion of beach es a nd th e Alsea Bay spi t within
t he subce ll indicat e th a t th e 1983-87 cycle of sa nd redi stributi on in cent ra l Ore gon was t he most
extens ive in t he la st 24 year s (pe r iod of ava i la ble recor ds ).

ADDITIONAL INDE X WORD S, Li tto ral . long sh ore tra nsport . beach erosion . wave cl imate. sea
leve l , ENSO . Oreg on .

INTRODUCTION

Obs erved variation s in the direct ion of inci­
dent wa ve a t t a ck (nor t h wes t -t o-s ou t h wes t )
a lon g the central Oregon coas t indi cate th e
potential for r ever sal s of lon gshore sand trans­
port over time scal es ranging from seasons to
hours (K ULM and BYRNE , 1966; BEACH and
STERNBERG, 1987 ). Ho wever, a lon g te r m bal ­
ance betw een the opposing direction s of trans­
port is indicated by (1) a n eq ua l distribution of
bay spit or ie n tat ions t o the north a nd sou t h ,
and (2) the rela ti vel y symme t r ic dep osition of
beach sand on opposit e s ides of ha rb or j e t ties
(KOMAR et al ., 1976 ). Numerous h eadl ands
along t he modern coast provid e boundaries to
longshore transp ort a nd d ivide the coast in t o
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cell s , poss ibl y ranging from 10 km to 100 km in
len gth (C H ES SE R and PETERSON , 19 87 ).
Estim ates of shor t -t er m fluctuations in long­
shore sand distribution s within the cells a re
need ed to pr ed ict near-term conditions of shore­
line in stability a long th is headl and bounded
coastline.

While a zero net littoral dri ft mi ght prev a il
ove r time sca les of decades within the major
cells , es t imates of interan nua l longshor e trans­
port rates a re needed to pred ict shore li ne in ­
stabi li t ies tha t occur ove r shor te r periods. For
examp le, significa n t s h or el in e er os ion h a s
recently occurred along some segm ents of the
Oregon coast du e to a n appa rent shor t -t er m dis­
pl acem en t of sa nd (1983-198 6) fro m the so uth­
er n end of many littoral cells. Extensive dis­
pl a cements of sand fr om these bea ches
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Figure2.Coastalfeaturesofthestudyareaincluding(1)

majorheadlands(YaquinaHeadandCapePerpetual,(2)rocky
points(SeaRocksandYachats)(3)estuaries(YaquinaBay
andAlseaBay)and(4)coastalcommunities(Newport,Waldo
portandYachats).Beachnamesrepresentsitesofsandsample
collection(seeTableO.

BACKGROUND

shouldhaverelevancetomuchofthePacific
Northwestregion,whereanomalousbeachero­
sionfollowingthe1982-83climaticeventhas
beenreportedfromnorthernmostCalifornia
(TUTTLE,1987),centralOregon(KOMAR,
1986,1989)andsouthernWashington(PETER­
SONandBINNEY,1988).

Thestudyareaislocatedalonga43kmshore­
lineofbroadsandybeaches(greaterthan100
minwidth)thatareterminatedtothenorth
andsouthbybasaltheadlands(Figure2).
YaquinaHeadprojects1.7kmseawardofthe
adjacentshorelineandclearlyboundslittoral
transportatthenorthernendofthestudycell.
Ithasnotbeenpreviouslyestablishedwhether
thesmallerYachatsPointandCapePerpetua
headlandsterminatelongshoretransportatthe
southernendofthestudyarea.Lowseacliffs
arecutintoupliftedPleistoceneterracesthat
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Figure1.Locationsofthestudyareaandseveralsmallcells
ofthenorth-centralOregoncoastthatexperienced
interannualsanddisplacementassociatedwiththe1982-1983
northPacificclimaticevent.

(PETERSON,etai.,1986;KOMAR,1986)
resultedfromatypicalclimaticconditions
whichcoincidedwiththe1982-83EINino­
SouthernOscillation(ENSO)event(BUYERet
al.,1983).Thelongshoremovementofbeach
sandthatoccurredduringthisunusualclimatic
eventprovidesanuniqueopportunitytomea­
sureinterannualratesoflongshoresandtrans­
portonthenorthPacificcoast.Whilestudiesof
seasonalacross-shoretransporthavebeencon­
ductedinthestudyarea(FOXandDAVIS,
1978)nomeasuresofshort-termlongshore
transporthavepreviouslybeenreported.

Inthispaperwereportontheanomalous
1982-83displacementofsandanditsfouryear
recoveryalongabeachsegmentofthecentral
Oregoncoast(Figure1).Weestimatethevol­
umeandrateofanomaloussandtransportand
relateanomalouslocalseacliffretreattothe
observedeventofsanddisplacement.Weuse
recentandhistoricaltidalinletpositionstodoc­
umentpreviousinterannualvariationsinlong­
shoresanddistributionswithinthissmallsub­
cell.Finally!thenor!.hYi.a.rddisplacementof
beachsaiidin1anditseventualretu­
19WIInthestudycellarecomparedto
longerrecordsofseasonalwaveheight,dir~­

tionalwind-waveforcing,stormtrackproxies,
~~e.anseale~ht!"Wim;ers
of1972-1987.Theresultsofthisinvestigation
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range in height from 5 m to 30 m above sea
level. Historic shoreline retreat in the s t udy
area is variable and is reported to have aver­
aged between 0 .1 and 0.3 m yr - 1 over a 34 year
period (SMIT H, 1978 ). Whil e the est im ated
shoreline retreat rates are small by comparison
to some barrier shorelines of the eastern and
gulf coasts of the United States (MAY et al .,
1983 ), it is the apparent stability of the shore­
lines in the Pacific Northwest region that has,
in part, en t iced development out to the precip­
ice of many seacliffs .

One of earliest st udies of seacl iff erosion on
the Oregon coast (BYRNNE , 1964) was per­
formed at Jumpoff Joe, located near Nye Beach
at the northern end of the study area (Figure 2).
Slumping a nd seacl iff failures along several
kilometers of the coastline a dj a ce n t to the
Jumpoff Joe site are related t o ongoing slip
along an oce a n wa r d dipping bedding plane
(BYRNNE , 1964). A vertical seacli ff al on g this
are a is maintained by wave erosion of the slump
toe . By comparison, seacli ff erosion with in the
sout hern half of the st udy area ge nera lly occurs
over much smaller length scal es (100's meters),
being related episodic wave attack during win­
ter storms (FOX and DAVIS, 1978). Regionally
synch ronous eros in of the shoreline within this
cell has not been pr ev iously reported . Th e erod­
ing seacl iffs are thought to be sou rces of beach
sand to th e study cell , while two estuari es ,
Yaquina Ba y and Al sea Bay, ser ve as coastal
sand sin ks . While no ri ver sand is thought to be
escaping from the tidally dominated Yaquina
Bay (KULM and BYRNE, 19 66), some river
sand is thought to be escaping fr om the f1uvially
dominated Alsea Ba y (PETERSON et al ., 1982 ).

An increased frequency of large st or m wav es
(KOMAR, 1986) and a nomalous ly high values
of monthly sea levels , 30 ern a bove 10 ye a r
me ans , (H UYE R et al.. , 1983 ) were recorded
along the central Oregon coa st during the win­
ter of 1982-83. These climatic and oceano­
graphic coin cid ences a r e r eported to h ave
caused the extensive beach eros ion obs erved
during the 1982-83 winter (K OMAR, 19 86 ).
Significantly , an anomalous sand accretion at
some beache s , loc ated immediately sou t h of
he adlands a t northern cell boundaries, indi ­
cated a northward sa nd di splacement during
the 1982-83 winter eve n t. Such a northward
displacem ent of be ach sa nd a ppa re n t ly forced
th e sea wa rd portion of the tidal ebb ch annel at

the mouth of Alsea Bay to the north in late 1983
(J ACK SO N and ROSENFELD , 1987 ). The
r ecurved inl et channel deepened the water
immediatel y seaward of the spit , and subse­
qu ent wave at t ack finally eroded the southern
end of the spit in the winter of 1985.

METHODS

The recoveries of the Alsea Bay spit a n d
shore lines to the south of the bay mouth during
the sever a l yea r s (1985-1988 ) following the
1982-83 di splacement event are the focus of this
report. Unfortunately , no permanently estab­
li shed profiles were established for this littoral
cell or for a ny other headland bounded cell s of
the Oregon coast prior to 1982-83. The sign ifi­
cance of the 1982-83 sa nd di splacement event ,
in terms of ongoing coastal erosion in Oregon ,
wa s not fully recognized until the winter of
1985 and has become most apparent in some
ce ll s within the last sever a l ye ars (K OMAR,
19 86; PETERSON and BINNEY, 1988;
KOMAR , 19 89 ). Thi s s t u dy was initiated in
part to utilize exist ing su rvey data and scaled
photographs of the seacliffs and exposed wave
cu t platforms that were taken by commercial
contractors between 19 83 and 1985 (E ck ma n
Creek Quarry ; unpublished data ). This limited
su rv ey data provides the pre-recovery condi­
tions of the st udy area beaches (exposed wave­
cut platform), which we have used to measure
against the present (post -r ecovery) conditions
of the accreted beaches .

In addition to the ex is t i n g survey data
(a bove) , the st udy area was monitored for long­
shore sand redistribution (1985-1988) by sev­
eral methods. Aerial photographs of the ent ir e
st udy a rea were taken by these a ut hors and by
the State of Oregon, Department of Transpor­
t ation , in 1985 and 1986. The Alsea Bay t id al
inlet (a potentially sensitive indicator of long­
shore sand movement) was monitored for cro ss­
sect iona l a rea on a monthly basis (wint er 1985­
to-spring 1987 ) and quarter annual basis (sum­
mer 1987 -to- present) . Inlet sur veys were con ­
ducted with a depth fathometer , and the boat
positions were tracked by an EDM theodolite
total stat ion mounted over a US C&GS bench­
mark (J ACKSON and ROSENFELD , 1987).

Post-recovery beach profiles were established
(J u ne 1987) a t approximately evenly spaced
intervals along the st udy cell after beach sand

J ourna l of Coas ta l Rese a rch , Vol. 6, No. I , 1990
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volumes(bermheights)reachedpre-1982-83
summerlevels(asobservedbybeachfrontres­
idents).Beachprofiles(June1987)weresur­
veyedbystadiaandtransitmethodduringan
extremelowtideseries.Repeatedvisits(fall
1987andJuly1988)bytheseauthorstothe
southernprofilesitesofthestudyareashowed
nosubstantialchangesinbackshoresandele­
vations(relativetopermanentreference
points)aftertheJune1987profilingwork.A
singleperiodofbeachsurveyingduringthe
summerof1987isjustifiedbythelimiteddata
ontheforeshoreplatformelevationsinthe
studyarea.Theuncertaintiesoftheforeshore
platformprofilesshouldaccountforthegreat­
esterrorsintheestimatesofthesandvolume
displacementsthatoccurredbetween1983and
1987.

Itisimportanttoknowwhethertheshoreline
understudyisaclosedsystemwithregardsto
potentialsourcesorsinksofbeachsand.Atotal
ofninebeachsiteswithinthestudyareawere
sampledinMarch,1984formineralandtex­
turalanalysesofthebeachsediments(Figure2
and3).Heavymineralsinthesandsamples
werepetrographicallyanalyzedfortwopyrox­
eneminerals,hyperstheneandaugite.These
mineralphasesaresimilarinshapeandden­
sity'buthavedifferentsources(PETERSONet
al.,1982).Atleast200coloredpyroxenegrains
werecountedpersampletoestablishnormal­
izedpyroxeneratiosofhypersthene:hyper­
sthene+augite.Atestofthepyroxeneratio
variabilityfrombeachsandswithacommon
sourcewasperformedtoestablisheffectsof
localizedmineralsorting.Agroupofseven
beachsampleslocated25-30kmsouthofCape
Perpetua,andhavingacommonsandsource
(UmpquaRiver)showedastandarddeviationof
0.03aboutameanof0.43.Thesamplegrain
sizedistributions(bulksand)werealsoana­
lyzedbythestandardsievingtechnique(FOLK,
1980).Meangrainsizevaluesofthebeachsand
sampleswerecalculatedfrommomentstatis­
ticsmethods.

RESULTS

BeachSandComposition

Themeasuredpyroxeneratiosofbeachsands
fromwithinthestudycell(Figure3)showthat
thesandsnorthofYachatsPoint(pyroxene

ratio0.24-0.26)differgreatlyfrombeachsands
southofCapePerpetua(pyroxeneratio>4.0).
ItisthereforeapparentthattheYachatsand
CapePerpetuaheadlandsdoprovideaneffec­
tivesouthernbarriertolittoralsandmixing.A
slightdifferenceinsandmineralogyalsoexists
oneithersideofSealRocks,asshownbysouth­
ernpyroxeneratiosof0.24-0.26andbynorth­
ernpyroxeneratiosof0.31-0.34.Theslightly
higheraugitecontentofthesandssouthofSeal
RocksmightreflectaminorsupplyofAlsea
Riversand(highinaugite)totheadjacent
beachesassuggestedbyPETERSONetal,
(1982).SealRocksisarelativelysmallpoint
withaseawardprojectionofonlyseveral
hundredmeters(Figure4).Thesmallcompo­
sitionalvariationbetweenbeachsandson
eithersideofSealRocksindicatessomerestric­
tiontomixingaroundthisrockyshorelinepro­
jection,butitdoesnotexcludethepossibilityof
limitedsandbypassingaroundthesmallbar­
rier.

Grainsizeanalysesofbeachsedimentsinthe
studyareafurtherconfirmtheheadlandcon­
trolledboundariestolongshoretransport(Fig­
ure3).Gravellagdepositswerefoundat
beachesimmediatelynorthofthetwomajor
headlands,YaquinaHeadandYachatsPoint.
Shorelinesjustnorthofthegravellagsandalso
northoftheSealRocksPointwerecompletely
strippedofbeachsand,therebyexposingthe
wave-cutbeachplatformthroughouttheyears
of1984and1985.Thelossofbeachsandandthe
exposureofunderlyinggravellagsand/orthe
beachplatformreflectsthedowndriftstarva­
tionofsandthatoccurrednorthoftransport
barriersduringthepreviouswinterof1983.
TheapparentsandtrappingbySealRocks
Pointduringthe1983displacementeventindi­
catesthatthelargerlittoralcellbetween
YaquinaHeadandCapePerpetuacanbe
dividedintotwosubcellsoneithersideofthis
rockypoint.Weusethe'subcell'designation
sincetheeffectivenessofSealRocksinbound­
inglongshoretransportoverlongtimescalesis
notknown.

ShorelineErosionandAccretion

Thebestdocumentedeffectsofthestudyarea
responsetothe1982-83sandredistribution
eventarefromthesouthernhalfofthesubcell
thatislocatedsouthofSealRocks.Extensive

JournalofCoastalResearch,Vol.6,No.1,1990
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Figure 3. Plots of pyroxene ratio and grain size versus sample latitude (see Figure 2) show natural boundaries to longshore
transport. Normalized pyroxene ratios a re based on hypersthen e I hyp ersthene + augite . Mean grain size values are based on
sta ndard si eving analyses at 0.5 phi intervals.

placement of riprap was performed from 1983 to
1986 alo ng se lected sites between 1 and 7 km
north of Yachats Poi n t in an effort to pr ot ect
eroding coastal proper t ies. The maximum ero­
sion of the nat u ral (u nprotected) low terraces
(3-6 m above MSL ) occurre d in the winters of
1984 and 1985, some one to two years after the
initia l sand displac ement event in 1983 . Sur­
veys and photographic record s taken in associ­
ation with the riprap installations establish
ret reat rates of 0-3 m »: for unprotected ter­
race segments at six localities (1-7 km north of
Yachats Point) du ri ng t he 1983-86 per iod . Sea­
cliff retreat generally decreased with increas­
ing dist a nce north of the southern end of the
Seal Rocks subcell. The changes in terrace lith­
ology and the proximity of pr ot ecti ve riprap
str uctures greatly infl uenced local variability
of the seaclifferosion . However, evidence of sea
cliff retreat (active slumps a nd basal undercu t -

ting) was generally observed t hroug hout the 1­
7 km distance north of Yac hats Point.

The 1983-85 seacliff erosion north of Yachats
Point was caused by a complete loss of t he beach
sand buffer from 1983-1985, pe rmitting direct
wave attack on the poorly consolidated terrace
dep osit s . Photographs of two di ffer en t beach
sites, located 2 km and 3 km north of Yachats
Point, were taken in 1984, and were rephoto­
graphed again in 1986 (Figur e 5a, b) in con­
junction with the riprap projects. These photo­
graphs dem on st r a t e the initial loss and
eventual recovery of sand in the southern part
of the Seal Rocks subcell. The magnitude of the
sand displacement is pa r t icula r ly evident in
these photographs wh ich were taken in con­
trasting seasons of ac ross-shore sand transport.
For example, the 198 4 phot ogra phs showing
maximum sand loss were ta ken during a la te
spring period (May 18), u suall y a period of
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Figure4.Obliqueaerialphotograph(viewtothenorth)ofYaquinaHead(horizon),SealRocksPoint(rnidground)andanomalous
sandaccretion(foreground),takenatlowtideinJuneof1985.Unusualforedunedevelopment(whitesand)isapparentjustsouth
ofSealRocksPoint.
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Cape Perpetua

onshore (landward) sand transport. In contrast ,
the 1986 photographs showing substantial
beach recovery were taken during a late fall
period (November 25), normally a period of off­
shore (seaward) sand transport. The first winter
storms of the winter season typically initiate
the offshore transport of beach sand in late
October . Additional photographs from these
sites show that the exposed beach platform was
still evident by the summer of 1985. The multi­
year displacement of sand from the southern
one half of the subcell was clearly not the result
of seasonal cycles of across shore transport.

Evidence of the northward displacement of
sand in the Seal Rocks subcell is also demon­
strated in oblique aerial photographs of the
northern part of the subcell, taken in the spring
of 1985 . Anomalous foredune a ccr e t ion is
apparent from 0 to 1 km south of Seal Rocks
Point (F igure 4), and there is no evidence of ero­
sion (ver t ica l scarps) in the western edge of the
small dune field . A similar , but larger, dune
field is also reported to have developed sout h of
Yaquina Head during the same time interval
(KOMAR, 1986). Field observations in 1985­
1987 confirmed that anomalous sand accretion
1-3 km south of the Seal Rocks Point protected
the base of the seacliff from winter surf erosion
for 2-3 years following the 1982-83 sand di s­
placement event. Young con ifers , several ye ars
in age, colonized the weathering debris and
dune sand along the foot of the northern sea­
cliffs, which were protected from storm su r f by
high beach berms during the winters of 19 84
and 1985.

The protection of the sea cl iffs at the northern
end of the s u bce ll contrast sharply with the
active eros ion of the sea cl iffs at the sou t h ern
end of the subcell during the same period (see
above). Subsequent erosion of the anomalous
dune field at the northern end of the subcell
began in the winter of 1986, as shown in aerial

Figur e 5a (P age 93) . Photog ra phs of t wo beach segments loca ted 2
km (a ) a nd 3 km tb) nor th of Yachats Point, a sou th bound in g head­
land , showing cont ras ti ng sand vo lu mes in la te spring , May 18 ,
1984 (upper photogr aphs) and in lat e fall , Nov. 25, 1986 (lower pho ­
tographs ). Back shore sa nd accumulation at these sites reached the
maximu m pre-1983 e le vatio n, near th e top of th e riprap barrier , by
th e summe r of 1987 .
Fi gure 5b (F aci ng page). Ph ot ogr a ph s of two beach seg men ts
locat ed 2 km (a) a nd 3 km (b) north of Yach at s Point, a sou t h bound ­
ing headl and , showing cont ras ti ng sand vo lu mes in lat e spring,
May 18, 1984 (upper phot ogra phs l a nd in lat e fa ll . Nov. 25, 1986
(lower photog raphs) , Bac ks hore sand acc umulation at these si tes
reached th e maximum pre -1 98 3 e le va t io n, near t he to p of the
riprap barrie r, by the summer of 1987.

PROFILE LOCATION

Seal Rod s.: 124 D

° S o e l Ro ck

Figure 6 . Locations of nine beach profil e s measured in June
198 7. P ro file locations F , G , H a n d I were se le cted on the ba sis

of e xposed bea ch pl atform su r veys con duc ted prior t o riprap
ins tallations during 1984 a n d 19 85 .

photographs. This erosion reflected the initial
phase of beach sand returning south to the
southern beaches of the subcell.

Beach Profiles

Beach profiles at nine sites were surveyed by
transit and stadia method in the Seal Rocks
subcell during an extreme low-tide series in
June 1987. The seaward ends of the profiles
were terminated near the low-low water point,
as estimated by time and tide tables. The profile
locations (F igu re 6) were selected on the basis
of (1 ) representative beach widths observed in
1986 aerial photographs and (2) exposed beach
platform surveys completed in the winters of
1984 and 1985 during con struction of shoreline
protective structures. June 1987 profile slopes
ranged from 0.020 in the northern transects to
0.025 in the southernmost transects (F igu re 7).
A sma ll scar p in profile B, at 50 m seaward of
the sea cl iff, denotes the past winter's excava­
tion of the rema in ing berm deposit discussed
above . Nearshore bars produce minor topo­
graphic highs towards the seaward end of pro­
files C, D, E, G and H, but have small effect on

J ournal of Coastal Research , Vo!. 6 , N o.1 , 1990
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the average beach slopes . The early summer
profiles of 1987 show little or no significant var­
iation in either beach slope or elevation above
mean sea level from north to south. These sur­
face profiles are assumed to approximate equi­
librium conditions of sand distribution along
the subcell.

A continuous exposure of the beach platform
between profiles F and I during the winters of
1983-85 provides an erosional surface level
with which to compare later periods of sand
accretion, i .e. , the June 1987 beach profiles .
Active wave scouring of the exposed wave cut
platform was observed during extreme low tides
in March of 1984 to occur out to a distance of
300 m seaward of the seacliffnear profiles F and
G, and out to a distance of 200 m seaward of the
seacliff at profile I. It was not possible to estab­
lish whether the platform was exposed or cov­
ered by sand at locations seaward of these
points , due to increasing water depth in the
surfzone.

The elevations of the exposed platform at pro­
files F , G, H and I were surveyed in to registered
bench marks or photographed against known
vertical scales prior to riprap installation in the
winters of 1984 and 1985. Platform elevations
of profiles F-1 were measured at points several
meters seaward of the foot of the seacliff and at
about 50 m seaward of the seacliff. Backshore
platform gradients of the surveyed sites
equaled 0.03 (F igure 7). Unfortunately , fore­
shore platform gradients at profiles F-I were
not surveyed . Later efforts to trench and probe
down to the beach platform underlying the
accumulated sands (a t least 3-4 m thick) in
June of 1987 were unsuccessful. The foreshore
gradients are assumed to fall between (1) the
measured backshore slopes of 0.03 and (2) the
slopes of the inner-shelf, averaging 0.01 from 0
to 20 m water depths (U .S. Coastal and Geodetic
Survey Chart 1308N-22) . Foreshore platform
gradients measured just north of Yaquina Head
in 1983 averaged 0.02 (P E TE RS ON et al;
1986). The foreshore platform surfaces shown
in profiles F, G, H and I (Figure 7) are extrap­
olated from the known backshore elevations
(s u r vey data ) using an a ss u med gradient of
0.02 .

Estimates of Beach Sand Displacement

Sand recovery in the southernmost beaches of
the study area began after the spring of 1985

Tabl e 1. Beach Profile Dat a, S eal Ro cks Subcell.

Beach Pro files

F G H 1
Dist an ce Fr om Seal Rocks ( k rn) 10.1 13.7 15.5 17.1
Mid-Point Len gths (krn) 2.0 2.7 1.7 1.0
Cr oss-Sectional Ar eas (m2

)

Back shore Gr adi en ts <0.03)
a nd Foresh ore Gra die nts of
<0.0 1) 424 507 79 3 660
<0.02) 736 819 993 77 2
(0.03) 1049 1132 1193 88 4
Segment Volumes ( x 106 rrr')
For Back shore Gr ad ients <0.03 )
a nd For eshore Gra die nts of
<0.01) 0.85 1.37 1.35 0.66
(0.02) 1.47 2.21 1.69 0.77
(0.03) 2.10 3.06 2.03 0.88

(see photographs of exposed platform in Figures
5a, b), and it reached pre-1983 summer berm
heights by the summer of 1987 as reported by
ocean frontage residents. Spot checks of berm
height at profile sites I and H during the fall of
1987 and summer of 1988 did not indicate any
significant increases in sand accretion at these
sites after the 1987 profile period. Estimates of
the total volume of sa nd displaced in 1982-83
and recovered by June 1987 are calculated from
profile cross-sectional areas. Known platform
elevations and gradients of 0.03 are used to con­
struct the backshore cross-sectional areas to 50
m seaward of the seacliff (F igure 7)_Foreshore
platform gradients of 0 .01, 0.02 and 0.03 are
used to extrapolate the foreshore platform pro­
file s to 200-300 m seaward of the seacliff (Table
1). A comp arison of the profile cro ss-sectional
areas based on the 0.02 foreshore platform gra­
dients shows relatively little difference
between the four profile locations at sites F
(1050 m"), G (1130 m"), H (1190 m") and I (880
m"). Shorter cross-sections in the most southern
profiles (H, I) are roughly balanced by thinner
cross-sections in the more northern profiles (F,
G).

The total volume of sand di splaced from the
southern 7.4 km of the Seal Rocks subcell is
estimated to be 6 x 10 6 m", based on a 0.02
value for the foreshore platform gradients (Fig­
ure 7, Table 1). Minimum and maximum esti­
mates of sand volume displacement are calcu­
lated to be 4 x 106 m" (0.01 foreshore gradients)
and 8 x 106 m" (0 .03 foreshore gradients). Nor­
malizing the total volume of sand displacement
(4-8 x 106 m") by the length of the sand stripped
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shoreline(7.4krn)yieldsavalueof5-11x10
2

m
3

ofdisplacedsandvolumeperlinearmeterof
shoreline.Amonthlyrateoflongshorevolume
transportduringthefivemonthwinterstorm
periodof1982-83isestimatedtobe2-4x10

2

m"permeterlongshorepermonth.Thisesti­
mateisbasedontheassumptionsthat4-8x10

6

m"ofsandwasdisplacednorthwardover3.7
km,i.e.,themid-pointofthesandstripped
shoreline(totaldistance7.4krn)duringafive
monthwinterperiod(November1982-to-March
1983).

AlseaBayTidalInletChanges

ErosionofthesouthernendoftheAlseaBay
spitinthefallof1985hasbeenlinkedtothe
anomalousnorthwarddisplacementofsand
whichoccurredtwoyearsearlierin1983
(KOMAR,1986;JACKSONandROSENFELD,
1987).Followingtheerosionofthespit,the
tidalinletshallowedtothenorthanddeepened
tothesouth,indicatingareturnofsandtothe
northerninletareaduringtheyears1986and
1987.Aseriesofcrosschannelsurveys,taken
bytheseauthorsbetween1985and1989,dem­
onstratesthenarrowingoftheinletcross-sec­
tionalareafrom2050m''toabout660m"during
thelatespringof1987,andthemaintenanceof
thenarrowinletmorphology(cross-sectional
area<700m")throughthespringof1988(see
panelsD-FinFigure8;inletcross-sectionsin
Figure9).Variableriverdischarge,with
monthlymeansreaching0-10%oftheestuarine
tidalprism,hadnovisibleeffectontheinlet
widthbetween1985and1987.Incontrast,the
narrowingoftheinlettopre-1983widthscoin­
cideswiththemaximumreturnofbeachsand
tothesouthernbeachesofthestudyarea
observedduringthesummerof1987.

Inanefforttoidentifycyclesoflongshore
sandmovementwithintheSealRockssubcell,
ananalysisofpastinlet-spitmorphologieshas
beenperformedfromavailableaerialphoto­
graphstakenbetween1961and1985.Spitsur­
faceareasaboveapproximatelowwaterlevels
(MLW)weremeasuredsouthofareferenceline
drawnduewestfromthesouthernendofthe
AlseaBaybridge(Table2).Theresultsofthe
spitareaanalysisareshowninFigure10and
demonstratethatthe1985truncationwasby
farthemostextensiveerosionaleventofthe
spitduringthelasttwoandonehalfdecades.

The1985spitsurfaceareatotaled54,500m"
lessthanthemeansurfaceareaof55,200m'',
Threeadditionaleventsofsignificantspitero­
sionoccurredin1962(21,900m"belowmean
area),1971(30,000m"belowmeanarea)andin
1978(22,000m"belowmeanarea).

AlthoughtheAlseaBayspit-inletconfigura­
tionismaintainedbytidalcirculation(BOLEY,
1973),therelativeimportanceofriverdis­
chargeinaddingtotheebbflowandthereby
alteringthespitmorphology(surfacearea)is
alsoevaluatedhere.Alinearregression
betweenmeanannualriverdischarge(U.S.G.S.
1961-1985)andspitareaforthe1961to1985
periodshowsapoorleastsqnarescorrelation(R
=0.36)betweenthespitconfigurationandthe
meanannualriverdischarge(Table2).Inter­
annualcyclesofspitaccretionanderosionat
AlseaBaydonotshowasignificantinfluence
frominterannualvariationofriverdischarge.
Thereforetheyareassumedtobeprimarily
forcedbychangesinthelongshoredistribution
oflittoralsandatthebaymouth.

DISCUSSION

InterannualClimaticForcing

The1982-83northwarddisplacementof
beachsandontheOregoncoastwasnotforced
byasinglecatastrophicstormevent,butrather
wasthenetresultofanomalousclimaticand
oceanographicconditionsthroughoutthewin­
terseason.Thefullreturnofbeachsandtothe
southernendoftheSealRockssubcelldidnot
occuruntilapproximatelyfouryears(1987)
afterthenorthwarddisplacementeventin
1982-83.Furthermore,therewasnoevidenceof
southwardsandtransportduringthefirsttwo
years(1984-1985)aftertheinitialnorthward
displacement.Theclimaticandoceanographic
variablesthatareconsideredtohavehad
potentiallythegreatesteffectontheinter­
annualvariabilityoflongshoresandtrans­
portareincidentwaveenergy,angleofwave
attackandpossiblysealevel(KOMAR,1983;
DEAN,1983).Therelativeimportancesof
thesethreefactorsincontrollingthe1983-87
cycleofbeachsandredistributionarediscussed
below.

SeasonalWaveHeight

Waveheightandperiodaremeasuredover
tenminuteintervalseverysixhourswithan
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Figure 8. Sequ en ces of in let cha nne l movement and cor res ponding spit eros ion an d accre t ion in the mou th of Alsea Bay (1978 ­
1988). Black a rrows indi ca te ebb-cur re nt flow, and triang les den ot e a reas of shoreline erosion. See text for description of events
A-F. Spit morphologies and current patterns wer e ana lyzed from aeria l ph otograph s and bathymetr ic surv ey s conducte d betw een
1985 and 1988.

analog seismic r ecording sy stem a t Newp or t ,
Oregon (CREECH , 198 1). A plot of winter sea ­
sonal averages of mean sign ifica n t wa ve height
CRY.!) for the years 1972-1981 and 1983 are shown
in Figure 11 . Th e average wave hei ght durin g
the 1982-83 winter, e.g . H-w 2.6 m (De c.-F eb.)
and H-v.r of 2.4 m (Nov.-Mar .) wa s hi gh, but not
anomalous rel a t ive to corresponding 10 ye ar
means (1972-81 ) of 2.45 ± 0.17 (Dec .-Feb.) and
2.40 ± 0.18 (Nov.-Ma r .) as show n in Fi gure 13.
In terms of frequency of ext reme wa ve condi-

tio ns , t he weekly max im a of H·w · at Newport
reached 5.0-5.5 on four occasions, a nd reached
6.0 m on ce during the 1982-83 winter period
(GARROW, 1985). By compari son , eight out of
the previous t en win t ers h ad a t least four
weekly maxima of H.1/.! topping 5.0 m (CREEC H,
1981). Da ily H.1/.! ma xim a exceeded 5.0 m some
ten t im es during the 1982-83 winter, while si x
of t he previous t en years h ad at least e igh t
even ts of daily H.1/.! . ma xim a exceedi ng 5.0 m.

The 1982-83 winter period did exper ience sev -
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ChangesinCross-SectionalArea
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Figure9.Changesincross-sectionalareaofAlseaBayinletbetween1985and1989.Graphshowschangesininletshape:table
presentscorrespondingmeasurementsofcross-sectionalareaestablishedbyinletsurveys.

Table2.AlseaBaySpitAreasandRiverDischarge.

WaterYear
RelativeSpit

Area(m
2

)

MeanAnnual
Discharge(m3s-1

83.SignificantwaveheightdatafromNewport
hasyettobecompiledandanalyzedforthe
yearsof1982and1984-1988.

AleastsquareslinearregressionbetweenMean
AnnualDischarge(x)andcorrespondingRelativeSpit
Area(y)isoftheform:y=1178x+6494andshows
apoorcorrelation(R=0.36)betweenthetwo
variables.

eraleventsofverylargebreakingwaves,H,=

7m(KOMAR,1986)andaslightlyaboveaver­
agefrequencyofH·w·maximaexceeding5.0m.
However,unlikecentralCalifornia(SEY­
MOURetal.,1985),thecomparisonsofsignifi­
cantwaveheightsincentralOregonfromthe
winterof1982-83andfromthepreviousten
yearsdonotindicateanextremeconditionof
incidentwaveenergyinOregonduringthewin­
terof1982-83.Itdoesnotappearthatthewin­
terwaveenergyalonecanaccountfortheunu­
sualdisplacementofsandfromthesouthern
endofthestudycellduringthewinterof1982-

1961
1962
1965
1968
1971
1973
1976
1978
1984
1985

66643
33321
64912
89681
24769

121283
47830
33310
66620

768

50.40
36.00
34.92
49.42
57.88
46.90
28.22
26.35
46.73
34.19

LatitudesofSeasonalStormTracks

Directionalwavedataarenotsuppliedbythe
Newportmicro-seismicrecorder.Relative
directionsofwinterwaveapproachmustbe
approximatedfromotherclimaticrecords
whichindicaterelativewind-wavedirections.
Suchproxiesforrelativewavedirectionshould
beaveragedoverthewintermonthsofmaxi­
mumstormactivity.Unfortunately,anexten­
sivebuoystationgriddoesnotexistoffshorethe
PacificNorthwestcoast,soprecisedirectional
wind-waveanalysisisnotcurrentlypossible.
Onemethodofestablishingtherelativedirec­
tionofonshorewind-waveforcinginthenorth­
eastPacificisbasedonSeaLevelPressure
(SLP)chartsofthenorthPacific.Seasonalwin­
teraverages(December-February)ofthenorth
PacificSLPhavebeendiscussedbyEmeryand
Hamilton(1985)fortheyears1947-1982,and
additionalseasonalSLPchartshavebeensup­
pliedtousbytheNOAAClimateAnalysisCen­
terforthewinters1982-1987.

AseriesofseasonalSLPchartsfortheyears
1972to1987showsthatananomaloussouth­
eastwarddisplacementoftheAleutianlow
pressurearea(Figure12a-f)coincideswiththe

JournalofCoastalResearch,Vol.6,No.1,1990
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Figure 10. Semi -annual reco rd of rel ative spit areas in Alsea Bay. Spit ar eas are ca lcu lated from ava ilable aeria l photographs
usin g t he a re a between approxima te low tide spit outlines to a refer enc e line drawn du e west of the bas e of Alse a Bay bridge. As
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Figure 11. Annual plo ts of mean sign ificant wav e height (H·w ) for the three month winter period Dec.-Feb . (solid lin e), and th e
five month win t er period Nov.-Mar. (dot ted lin e) for th e years 197 2-198 1. Plot s of seasona l H-w' Dec .-Feb . (as te r isk) and Nov .-Mar .
(solid circle) a rc a lso plotted for th e winter of 1982-83. Mean significant wav e height is es t ima ted from the ave ra ge of the one
thi rd largest wav es recorded four t imes da ily at Newport, Or ego n.

un us ual northward t r a nspor t of beach sa nd in
1982-83. From the combined low pr essure area
and geostrophic wind directio n inferences we
wou ld ex pect a surface wind stress 15-30° to the
left of the geostrophic wind in the open ocean,

and a total wind induced oceanic mass trans­
port 90° to the right of the surface wind stress
(F ig ure 12a-f) . While the direct ion of win t er
wind-wave forcing is not directly aligned with
the geostrophic wind, the di rection of seasonal
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wind-waveforcing,relativetoanypointonthe
coastisclearlyrelatedtothelatitudeofthe
geostrophicwindguide.

NorthwardSandDisplacement

Wehavecomparedtherelativetrajectoriesof
winterwind-waveforcing(1972-1988)using
thecentral1014-1016mbgeostrophicwind
guidefromtheSLPchartsasaproxyforthe
mean'stormtrack'betweentheeasternPacific
lowandhighpressureareas.Thelandfallposi­
tionofthisgeostrophicwindguideprovidesa
meansofcomparingthelatitudeofmaximum
onshorewind-waveforcingbetweendifferent
winterseasons.Thelatitudinalvariationinthe
1014-1016mbguideisusedhereonlyasafirst
orderapproximationtointerseasonalwind­
wavedirection.Thelandfalllatitudesofthis
stormtrackproxyareplottedfortheyears
1972-1988(Figure13)andtheyestablishan
anomaloussouthwardshiftofthe1982-83max­
imumstormactivitytoalatitudeof35-40

0
N.

TherelationsbetweentheSLPstormtrack
proxyandthemeanwavedirectionhaveyetto
bewellconstrainedinthenortheastPacific.
However,itisclearthata10

0_150
latitude

southwarddeviation(1,000-1,500krn)ofthe
SLPgeostrophicwindguidefromitsmeanlat­
itudeposition(50

0
_55

0
N)canonlyindicatea

greatlyincreasedsouthernlycomponenttothe
incidentwavedirectionandoceanmasstrans­
portduringthewinterof1982-83.

Inordertosubstantiatethesignificanceof
theSLPstormtrackproxiesinpredictingthe
directionofseasonalwind-waveforcing,we
havealsoplottedthe850mbmeanvectorwind
andthe850mbvectorwindanomalyforthe
winterof1982-83(Figure14a,b).Thevector
windanomaliesconfirmtheindicationsofthe
SLPstormtrackproxiesinestablishingan

Figure12a,b,c(Page102).Annualsealevelpressure(SLP)charts
ofthenorthPacificregionforthethreemonthwinterperiodDec..
Feb.fortheyears1983-1988.Thecentral1014-1016mbcontour
(geostrophicwindguide)isusedtodefinetherelativedirectionof
maximumonshorewind-waveforcing,i.e,proxyforwinter'storm
track.'Smallblackarrowsindicateinferredwindstress.Medium
arrowsindicategeostrophicwinddirection.Largearrowsindicate
oceanicmasstransport.
Figure12d,e,f(Page103).Annualsealevelpressure(SLP)charts
ofthenorthPacificregionforthethreemonthwinterperiodDec.­
Feb.fortheyears1983-1988.Thecentral1014-1016mbcontour
(geostrophicwindguide)isusedtodefinetherelativedirectionof
maximumonshorewind-waveforcing,i.e,proxyforwinter'storm
track:Smallblackarrowsindicateinferredwindstress.Medium
arrowsindicategeostrophicwinddirection.Largearrowsindicate
oceanicmasstransport.

anomaloussoutherlycomponentoftheonshore
wind-waveforcingduringthe1982-83winter
period.Thelowlatitudeofseasonalstormactiv­
ity,relativetothestudysiteof44.4

0
latitude,

resultedinaconsistentsouthwesterlyapproach
ofwintersurf.Theunusuallyhighangleofinci­
dentwaveapproachfromthesouthwouldhave
consistentlydrivenlongshorecurrentstothe
north,producingtheanomalousnorthwarddis­
placementofbeachsandobservedduringthe
1982-83climaticevent.

SouthwardSandDisplacement

Ithasbeenarguedthatsouthwardlongshore
transportontheOregoncoastoccursprimarily
duringsummerperiodswhenfairweather
swellsproducedinhighlatitudesapproachthe
shorelinefromthenorthwest(KULMand
BYRNE,1966;KOMAR,etal.,1976).Signifi­
cantsouthwardtransportduringthe1984-1985
summerperiodsshouldhavebeenobservedby
(1)downcuttingofthenorthernbeachberms
and(2)sandreplenishmentonthesouthern
beachplatforms.However,thefirstevidenceof
significantsouthwardtransportoccurreddur­
ingthewintersof1986and1987.Theevidence
forinitialsouthwardtransportincludes:

(1)Theinitialerosionoftheanomalous
beachbermanddunefieldsouthoftheSeal
RocksPoint,asconstrainedbyaerialpho­
tographsofthedunefieldtakenin1985
(Figure4)and1986.
(2)Theshallowingandsouthwardgrowth
ofthetruncatedAlseaBayspit,asestab­
lishedbymonthlycross-sectionalsurveys
oftheinletwhichshowedsignificantshal­
lowingstartinginspring1986(JACKSON
andROSENFELD,1987).
(3)Theinitialreturnofbeachsandtothe
southern7.4kmofthesubcellduringthe
springof1986,asobservedbyourselves
andshowninscaledphotographsofselected
beachsitestakenin1984,1985and1986
(Figure5).

Thewintersof1986and1987werethefirst
wintersafter1983tohavelandfallsofthe1014­
1016mbstormguideproxythatplottedbelow
55

0
latitude(Figure13).Notonlywerethefair­

weatherswellsofsummerincapableoftrans­
portingsandtothesouth,butapparentlythe

JournalofCoastalResearch.Vol.6,No.I,1990
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Figu re 13. Th e rel a ti ve la titude of wi nt er 'sto rm track' lan dfall s a re plot ted for t he years 1972-1987 based on the landfall posit ion
of the cen tral 1014 ·1 01 6 mb conto u r fro m t he winter seasona l S LP charts in Figure 12.

winter storms of unusually hi gh latitude dur­
ing 1984 and 1985 were similarly ineffective in
driving sign ifica nt southward transport . The
exceptional high latitude of the storm centers
mi ght al so have r esulted in decrea sed wave
energy, due the di spl acem ent of the stor m cen­
ter from the central Oregon coast. It has ye t to
be est ablished wh ether less than average wave
energy was associated with the winter storm
guide positions , estimated for the years 1984
and 1985 . In concl us ion , it a ppears to th ese
author s that va r ia b le winter wav e climates ,
and not winter-summer reversals of wave direc­
tion , were resp onsible for the longsh ore sand
transport , both to the north a nd sout h , that was
observed in the Seal Rock s subcell during the
1983-1988 study period .

Sea Level

Sea lev el is measured routinely from a tide
gauge station a t Newport , Oregon . Monthly
mean sea lev el s from thi s st a t ion have been
reported by PITTOCK et at . (1982) for the years
1967-19 80 , by HUYER et at. (1983) for th e years
1982-83 , and have been supplied to us by H . Pit­
tock, Or egon State U ni versi ty , for the years
1983-1987 . Winter seasonal av erages (Decem-

ber-February) of mean sea level are plotted for
the ye a rs 1972-1987, a nd they demonstrate that
anomalous high mean se a l lev els (30 em above
av erage mean se a lev els) occur red throughout
the winter of 1982-83 (F igure 15). An unusual
northward tran sport of se a wa te r along the
coast (Kelv in wave) and unusually low atmos­
ph eric pressure were associat ed with the 1982­
83 ENSO event (HUYER et al ., 1983). Onshore
oceanic mass transport fr om regional climatic
forcin g combined with the Kelvin wave a nd the
low atmospheric pr essure to produce the mean
sea levels of exceptional height during this win­
ter se aso n (F igure 15). A coincidence of large
storms with spr ing tide ser ies possibly adde d to
the effects of el evated mean sea levels in pro­
ducing the extensive offshore (sea wa rd) trans­
port of beach sa nd during the 1982 -83 winter
(KOMAR, 1986).

The question a r ises as t o wh ether the unu­
sually hi gh sea levels , and the assoc iated sea­
ward transport of sand , could h ave increased
the ano ma lous northward sand displacement in
1982-83. For example , the offshore displace­
ment of san d would have s u ppl ied a n above
average volume of sa nd to the surfzone during
the winter months of northward littoral drift. It
might not be possible , with the av a il able data,

J ournal of Coas ta l Resea rch . Vol. 6, No . I , 1990



106Petersonetal.

850MBMEANVECTORWIND

...
'"z

150E

ell
o
z

...
'"z

le5E180iesw

z
o
CD

z
on
•

150W

DJF

850MBVECTORWINDANOMALIES
...ell...

'"0'" zzz

150Eiese180

zz
oon
CD•

iesw150W

DJF1982-83

Figure14a-b.850mbMeanvectorwindand850vectorwindanomaliesareaveragedandplottedforthemonthsDecember,
JanuaryandFebruaryofthe1982-83winterseason.Themeanvectorwind(a)showstheobserveddirectionalwindforcing(1982·
83)whilethevectorwindanomaly(b)showsthedifferencebetween1982-83winterseasonofwindforcingandthemeandirectional
windforcing,using1975·1979astherepresentativebaseperiod(ARKIN,etal.,1983).

toseparatethelongshoretransporteffectsof(1)
anomaloushighsealeveland(2)theexcep­
tionalsoutherlycomponentofincidentwave
attackduringthe1982-83climaticevent.How­
ever,therelativeimportanceofanomalous
meansealeveltotheseasonallongshoretrans­
portwithinthiscellmightbeevaluatedbycon­
sideringthesouthwardreturnofbeachsand
after1985.

Itisclearthatthesouthwardreturnofbeach
sand,largelyduringthetwoyearsof1986and
1987,wasnotassociatedwithexceptionally
highvaluesofmeansealevel.Forexample,
meansealevelsforthesetwoyearsreached
only5-10emabovethe15yearmean(Figure
15).Exceptionalmeansealevelswerenot
requiredforthesubcell'sapparentreturnto
equilibriumconditionsoflongshoresanddis-
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Figure 15. Mean sea level is a vera ged for th e winter months (December , J anuary a nd February ) a nd th e win t er seasona l mean s
are plotted for the years 1972 ·1987. Wint er a verag es of adjus te d mean sea level a re a lso plotted for ea ch year, and a re based on
1 ern decr ease of sea level for every one millibar increase in atmospheri c pr essure . Th e differences between un adju st ed mean sea
level a nd adjusted mean sea level indicate th e influence of a tm ospheri c pr essure relative to wat er mass t ra ns port and thermal
expansion in controlli ng mea n sea lev el.

tribution after 1985 . Ocean level se t -u p pro­
duced by major winter stor ms (DE AN, 1983) in
1986 a nd 1987 was apparently sufficient to
bring the elevated beach berms and dunes in
the nort hern part of the subcell to wi t hin reach
of winter swash zones under the normal tidal
range conditions of t hose two years . Mean sea
level does not appear to be an important factor
in the interannual longshore sand redistribu­
tions within thi s st udy area .

In ternational Longshore Red istrib ution
Versus Seasonal Exchan ge

Our best est imates of the 1982-83 sand dis­
placement (4-6 x 102 m" per linear meter of
shoreline) a re ba sed on differences between (l )

conservative across-shore widths (200-300 m) of
sand scouring to erosional platform surfaces
(1983 -85) and (2) profiles of fully accreted sum­
mer beaches (summer 1987 ). The potentially
greater distances offshore to which surfzone
sands were affected by the anomalous north -

ward transport are not a ddressed in this study.
In addition, t he complete exposure of the beach
platform south of profile F (Figure 6) indicates
t hat sand supply was a limiting factor in the
amount of sa nd displaced in this cell during the
1982-83 winter period.

By comparison, a seasonal onshore (summer) ­
to -offshore (win t e r ) sand exchange volume of
110 m" per meter of shoreline was measured at
a beach j ust north of Seal Rocks between 1973­
74 (F OX and DAVIS, 1978). The 0 .5 km long
beach segment monitored by Fox and Davis is
loca t ed about 6 km north of the Seal Rocks
Point, and it rough ly compares in beach width
and slope to the beach between profiles F and I,
north of Yachats Head. Even through the 1973­
74 winter study period is characterized by mod­
erate wave en ergy (F ig ur e 10 ) and sea level
(F igu r e 14 ) the seasonal across-shore sand
exchange represents only 10-22% of the 1983-87
longshore sa nd redistribution , when normal­
ized per unit lengt h of shoreli ne.
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Short-TermSandSupply

Animportantquestionregardingthenature
ofbeachsandbudgetsiswhetherornotonshore
andoffshoresandreservoirsarecloselycon­
nected.Thebeachplatformalongmostofthe
southernhalfoftheSealRockssubcell
remainedlargelyuncoveredforabouttwoyears
aftertheinitialsanddisplacementin1982-83.
Duringthistwoyearperiodtherewasnosig­
nificantresupplyofsandtothebeachfromoff­
shoredeposits.Theeventualreturnofsandto
thesouthernonshorepartofthesubcellcorre­
spondedtodiminishingonshorevolumesof
beachsandinthenorthernpartofthesubcelI.
The1983-87redistributioncycleofbeachsand
intheSealRockssubcellapparentlyoccurred
independentlyofpotentialoffshoresinksor
sourcesofsand.Interactionsbetweenthe
onshoreandoffshoresandreservoirsmight
occuroverlongertimescalesthanthoseasso­
ciatedwiththebriefinterannualeventsof
longshoresandredistributionthatwereob­
servedduringthisstudyperiod.Incontrast,
longshoreandshoreward(onshore)sinksof
sanddidplayanimportantroleinsandsupply
withinsomecellsofthePacificNorthwestcoast
followingthe1982-83climaticevent,asdis­
cussedbelow.

Theimpactofthe1982-83sanddisplacement
eventisstilIbeingfeltalongsomeshorelinesof
thePacificNorthwestcoast.Forexample,the
northwarddisplacementofbeachsandresulted
inthepermanentlossofsandfromatleast
threesmalllittoralcellsofcentralOregon
includingOtterRock,HugPointandNetarts
Bay(Figure1).Inthefirsttwocells,aperma­
nentlossofsandapparentlyoccurredaround
thesmallheadlands,OtterRock(KOMAR,
1986)andHughPoint.Someofthemostexten­
siveseaclifferosion(>20m)inrecenthistory
hasoccurredatCoveBeach,immediatelysouth
ofHugpoint,followingthelossofsandfrom
thissmallsubcellin1983(unpublisheddatal.
IntheNetartsBaycell,sandwasprobablylost
toabaymouthandspitcomplexatthenorthern
endofNetartsBay(KOMAR,1989).Inallthree
cases,thelackofbeachsandreturnduringthe
lastfiveyearshasresultedinongoingerosion
andlocalseacliffand/orshorelineretreat(10­
20m)inthesouthernendofthesesandstarved
cells.

Incontrast,thereturnofsandtothesouthern

endoftheSealRockscellhasprecludedaddi­
tionalerosionofthelowseacliffsthere.Simi­
larlythereportedseaclifferosion(1985)just
northofPatricksPoint(41.15°N)innorthern
California(TUTTLE,1987)alsolargelyceased
withthereturnofbeachsandtothesouthern
endofthiscellinthespringof1986.Clearly,
theheadlandboundedsegmentsofthePacific
Northwestcoastrespondeddifferentlytothe
1982-83sanddisplacementeventonthebasisof
(1)availablesandsupply(2)effectivenessof
boundingheadlandsand(3)presenceofshore­
wardsandsinks.

HistoricRecordAndElNinoEffectsof
BeachErosion

Whilethe1982-83displacementeventwas
clearlyexceptionalwithinaseveraldecade
period(reportsoflong-termresidents),thefact
thatothersandredistributioneventshavepre­
viouslyoccurredinrecenttimesissuggestedby
thecyclicerosionandaccretionoftheAlsea
Bayspit(Figure9l.Earlierreportsthatthe
AlseaBayspithadbeengraduallyaccretingto
thesouthforthelastcoupleofdecades(STEM­
BRIDGE,1975)areinerror.Atleastfoursig­
nificanteventsofspiterosionandrecovery
haveoccurredwithin24years,resultinginan
averagerecurrenceintervaloflessthan10
years.Ithasyettobeestablishedwhetherthese
smallereventsofpossiblesandredistribution
weresynchronouscoastwideandwhetherthey
wereassociatedwithacceleratedseacliff
retreat.

The1982-83eventofsandredistribution
clearlycoincidedwithawelldocumentedEl
Nino-SouthernOscillation(ENSO)event(see
Backgroundl.However,theearliereventsof
Alseaspittruncationin1962,1971and1978
(Figure10)arenotcorrelatedwithprevious
ENSOeventsreportedbyQUINNetal,(1987).
Similarly,KOMAR(1986)didnotfindastrong
correlationbetweenthehistoricalrecordsof
ENSOeventsandreportedbeacherosionin
Oregon,withthepossibleexceptionoflocalero­
sionoftheSiletzspitin1972and1976(ElNino
years).Ourstudyresultssuggestthatitwas
theseasonal(winter)locationofthenorth
Pacificlowpressurearea(Aleutianlow),and
theresultinglatitudeofseasonalstormtrack
(Figures12-14)thatlargelycontrolledthe
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interannual directions of longshore transport
and as sociated beach sand distributions during
the 1982-1987 period.

Recent studies (NIEBAUER, 1988 ) have
established a positive correlation between the
intensity and position of the Aleutian low and
El Nino-Southern Oscillation (ENSOl events .
For example , the Aleutian low is intensified
and eastward of normal in association with El
Nino events . However, the Aleutian low is also
reported to lack a preferred site during ENSO
events (NIE BAUER, 1988), leading to the var­
iable directional forcing of surface wind-waves
associated with the se climatic periods. It is
clear that future efforts to establish any corre­
spondence between interannual sand redistri­
butions in littoral cells of the Pacific Northwest
and ENSO events must take into account the
relative position of the winter Aleutian low .
Even so, such possible correlations will be dif­
ficult to identify due to ( 1) the brief and spot ty
hi storical record of coastal erosion in Oregon
(KOMAR, 1986) and (2) the potential time lags
(1-3 years) between climatic forcing events and
associated shoreline response (seacliff erosion),
as observed during thi s study .

CONCLUSIONS

An unusual northward displacement of beach
sand in the Seal Rocks subcell was responsible
for ext ensive sea cliff erosion and bay spit ero­
sion observed in the southern half of the subcell
between 1983 and 1985 . An a noma lous ly low
latitude of storm activity during the 1982-83
winter period must have resulted in an excep­
tionally consistent approach of winter surf from
the sou t hwest. The anomalous high angle of
seasonal wave attack together with seasonal
wave energies that were slightly above average
produced the northward displacement of beach
sand.

The return of beach sand to the southern end
of the subcell required a period of at least four
years (1983-1987) . No significant southward
transport occurred from very-high latitude
storm waves during the first two years (1984­
85) after the initial displacement in 1982-83 .
Maximum interannual longshore transport
between 1982 and 1987 was forced primarily by
maximum winter storm paths with landfalls
that were (1) sufficiently di splaced from central
trajectory latitudes to achieve consistent north

or south angles of incident wave attack and (2)
close enough to the central Oregon coast to pro­
duce high wave energy. Anomalously high val­
ues of mean sea level as sociated with the 1982­
83 ENSO event possibly contributed to the
extensive beach face erosion in 1982-83, but are
not considered by us to have been important in
the longshore di splacement and recovery of
beach sand during the 1983-1987 study period.

An average recurrence interval of less than
ten years is estimated for four possible events
of sand redistribution in the Seal Rocks subcell,
as indicated by cyclic spit erosion and accretion
at Alsea Bay over the last 24 years . However,
historical aerial photographs and reports by
long-term re sidents establish that the 1982-83
sand displacement event has been the most
extensive in the la st severa l decades .
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