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FINAL TECHNICAL SUMMARY

STUDY TITLE: Wave Prediction in the Santa Barbara Channel
REPORT TITLE: Wave Prediction in the Santa Barbara Channel
CONTRACT NUMBER: 14-35-0001-30758

SPONSORING OCS REGION: Pacific

APPLICABLE PLANNING AREA: Southern California

FISCAL YEAR(S) OF PROJECT FUNDING: FY97, FY98
COMPLETION DATE OF THE REPORT: January 2001
COST(S): FY 97 - $38,975, FY 98 - $49,166, FY 1999, 2000 — no cost
CUMULATIVE PROJECT COST: $88,141

PRINCIPAL INVESTIGATORS: Robert Guza, William O’ Reilly
AFFILIATION: University of California, San Diego

ADDRESS: Center for Coastal Studies 0209, UCSD, La Jolla, CA 92093-0209

BACKGROUND:

Knowledge of past, present and future wave conditions in the Santa Barbara Channel
is needed for numerous government, commercia and recreational activitiesin this heavily
utilized coastal zone. Accurate historical wave estimates are important for coastal and ocean
engineering design, planning, and environmental impact assessment. Real time wave
"nowcasts' and forecasts are needed for efficient and safe marine operations, disaster
preparedness, and beach safety.

Wave prediction in the Santa Barbara Channel is extremely complicated owing to the
coastline orientation, the complex bathymetry, and the spatially variable wind field. The
Channel 1slands block remotely generated waves approaching the Channel from the south, and
Point Conception blocks waves arriving from the northwest. Deep ocean waves that do
propagate into the Channel are severely refracted and diffracted by the irregular shallow water
bathymetry, producing the large spatial variationsin swell wave height and direction typically
observed throughout the region. Wave measurements in the Channel have shown that wave
refraction-diffraction models underpredict wave heights at the east end of the Channel during
WNW swell events, and that the source of this underprediction is the (unmodeled) reflection
of wave energy from the rugged northern (i.e. facing the Channel) coastlines of the Channel
Islands.

OBJECTIVES:

The primary objective is to investigate the reflection of ocean surface waves from the
Channel Islands, and to use the results to improve existing swell predictions throughout the



Wave Prediction in the Santa Barbara Channel

Channel. A secondary objective is to lay the groundwork for future inclusion of locally
generated wind seas, and their reflection from the Islands, in Santa Barbara Channel wave
forecasts.

DESCRIPTION:

Waves propagating into the Santa Barbara Channel from the W-WNW impinge on the
northern coasts of San Miguel, Santa Rosa, Santa Cruz, and Anacapa Islands, and a significant
amount of the incident wave energy reflects from these rugged coasts back into Channel. This
adds a significant southerly component to the waves along the Santa Barbara County
coastling, in the lee of Pt. Conception, during these wave events.

A detailed analysis was performed on three sets of directional buoy measurements
made in 50m water depth, ~2km offshore of the north coasts of Santa Rosa and Santa Cruz
Island, to quantify the frequency and directional characteristics of the reflected wave field asa
function of the incident wave conditions. In addition, directional wave measurementsin the
center of the Channel and along the Santa Barbara County coastline were analyzed to quantify
the reflected waves in the far-field of the Islands.

Results of this analysis were used to model the Islands as a diffuse source of reflected
wave energy with the amount of energy reflected from the islands being determined by the
height, direction, and frequency of the incident waves reaching each island.

SIGNIFICANT CONCLUSIONS:

The amount of wave energy reflected from all the Channel 1slands is frequency
dependent, with the lowest frequencies (longer wave periods) having larger reflection
coefficients (The reflection coefficient is defined as the ratio of wave energy reflected by the
island, to the wave energy incident to the island). Wave reflection coefficients for shorelines
with rocky shallows (e.g. Santa Rosa Island) are also strongly energy dependent, with much
smaller wave reflection coefficients during larger wave events when more wave breaking and
dissipation occurs at the coast. In contrast, wave reflection coefficients from cliff-lined coast
(e.g. Santa Cruz and Anacapa Islands) only decrease slightly with larger incident waves. In
both high and low wave energy conditions, reflection from the Channel Islands can contribute
significantly to the wave energy at the east end of the Channel and along the Santa Barbara
County coastline

STUDY RESULTS:

In general, the relative amount of reflected wave energy depends greatly on the wave
frequency, with observed reflection coefficients at low frequencies ( f < 0.07Hz) two or more
times larger than at higher frequencies. The highest reflection coefficients (0.10-0.70,
depending on the wave frequency) were observed at the western end of the north side of Santa
Cruz Idland, where long, sheer coastal cliffs extend directly into 10-20m water depth.

Slightly lower reflection coefficients were observed at the north-east end of Santa Cruz Island,
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where the cliffs are more irregular, and off Santa Rosa Island, where the coast is better
characterized as rocky shallows than as cliffs.

While the overall amount of observed reflection was similar for these three different
types of rugged coasts, the estimated reflection coefficients at Santa Rosa were strongly
energy dependent. Low energy waves were much more “reflective’ (coefficients = 0.20-0.50)
than higher energy waves (coefficients = 0.05-0.20), presumably owing to a more active
dissipation region in the rocky shallows with higher waves. A similar, but somewhat weaker
dependence was observed at the East Santa Cruz Island site, and only a slight energy
dependence is observed at the West Santa Cruz site with its wall-like coastal cliffs.

These observations suggest the following wave reflection scenarios. When low energy
swell propagates into the channel from the WNW, all the islands reflect a significant amount
of this swell energy back into the Channel. The lower frequency, longer period swell (T > 14
S.) experience the highest amount of reflection (30%+). However, when larger swell is
present in the Channel, active dissipation zones develop along most of the island coastlines,
reducing the relative size of their reflected wave fields (i.e. low reflection coefficient)
compared to low wave height events. The western half of the north coast of Santa Cruz, and
perhaps the north side of Anacapa Island, continue to be highly reflective under energetic
conditions.

STUDY PRODUCTS:

Study products include aweb page on the Coastal Data Information Program web
server that is dedicated to providing real-time wave and wind information for the Santa
Barbara Channel: http://cdip.ucsd.edu/mms. Thiswave and wind prediction effort continues
to receive support from the State of California and the products on the Channel web page will
continue to expand over the next year, including the implementation of awind-wave
prediction model for local seas. Additional products include a paper in the proceedings of the
5™ CaliforniaIslands Symposium and a paper in preparation describing the wave
measurements and island wave reflection model.
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ABSTRACT

Wave conditions in the Santa Barhara Chamnel im-
pact Fishimg, commercial shippimg, and recreation. In adds-
i, ie=rslone wevis drive sedimen | processes soch as beach
crosion and haror emresce shoaling. Accemaie historscal
wiwe information is needed for enginesring design, envi-
rommentsl impact assessment and hazard mitigation. Wave
fields m the chammel are complex owing 1o the shellering
ellieets of Pomi Conception amd the Channel Bslamls, the
reflectbon of wive energy from the sicep coastal cliffs of
Spmin Cruz lsland, mnd the imegularity of the local conimes-
tad shelf batbyymetry. Wave model prodictions and ficld ob-
servnlions [rom he Coastal Data Informaliom Prograii die

wadall b illusirae thesss phenomena, Ungoing sl plansed
wive modeling i the channel is described.

Kieywonds: Sanin Barbam Chanee|. physical comanograpiny,
WUV,

INTRODAICTION

The compdicated wind and wave conditions in s
Sninitn Aartaes Channel regaon e well knoswn 1o manisers
The energy and direction of shon period seas generied by
Incal winds, and of long period swell adised from disiont
sharms, can vy groatly teroughost the chasmel on any given
iy, Lacal sess aften marror the highly variakle wind felds
resulbing From the mouniainons Gosial and islaed opogrs-
pihy. and swells are dmmatically sffected by the sheliering
of Poim Conception and the Channel lslands In addition,
the compler sballow water hathymetry within the channl
rizsuilts in large wave hoight variations along the shoeedine,

Wirve comndlitsons alosg the Califormia coast hive been
miniwored for the last iwo decades by the Coosial Dwia [n-
Tormation Program {CDIF) at Scoripps Instibation of Oocan-
opraphy with the sponsorship of the Califernia Depatmeni
al Beating aml Walcraays and the U5, Asmy Corps of En-
gineses [Seymaoisr o al, 1903), [n recent years, the program
s wsed numerical wave meodels in conjunction with field
mesurements bo predict regional wave conditions. As part
ol this cfort, CIHP provides eaperimental real-time prodic-
tiiz af gwell hieights (no kaeal ssas) in the Santa Bwbara
Chunnel vin the World Wide Web.

The presem COEP wave mode] is described and ox-
amples of the estimaled swell heighl vanability in the

chamnel are presented. & rocent feld stody designed o vali-
iz 1 v ] i cliseussid. The mede] undorprodiciod
warell enargy inoihe ke of Poanl Conception during norh-
weest swell evenis. and ibe meassemenis confiom that the
el undorprodictson is primarily thee mesult of (snmodeled)
wve enengy reflection back into tho cheses| from the coasial
cliffs ol Santa Crug Jstand. Fulure plass o moorpoeats both
ialand wave reflection and local wind wave penerstllon Ein
tive mode] are described.

SWELL HEIGHT PREMOCTION IN THE SANTA
BARBARA CHANNEL

Compuier models, supplemented wilh measurements
fream bajons imd prosssune sensoms, are widchy used bo hindcast
arwd Foreien] wavess, Real-time maode] prodictions (momercasis)
of swell wove hebphis (wave periods of § o 25 secomds) in
the channel are disseminmied foarty over the World Wide
Woh s cdip.ucsledo by COIP (Figane 1)

The prediclions am: based om a numencal
el on-difTraction model Dl Simulake he propegaiEm
of waves from the deep omean inio shallow water depths of
approximately 10 m (Kirty 1985; O'Feally mnd Guea 1993;
FReilly 156%). As an individeml wawe crest propageies into
shalbow waler its mpeed decreases and it hoight increases
(shoalingy. However, anthe agme fime, waristions i ihe wa-
ter depah abong & crest bead o venaisns im specd and bend-
img of the crest (refaction). Refraction resulls in the con-
wergence or dverpena: of the wave emergy associatod with
ez Crnsl, presdiein g chanpes in wave beigha as well as wave
direction. Whes the convergence or divergence of wave
enerEy becomes very srong, producing |orpe changes in wave
energy over short disinnces, additional wave crests of gig-
malEant gize ¢ volve e move wive endepy awiy Trom of e
these anenis and reduce the spatiol varinion of energy (dif-
fracticn. Wave shoaling, refrmction, and diffraction crn all
b important im the Santa Barbara Channel and ane included
im the mamerical model. The model does notinclude the gen-
aratiom of sead by local winde. s the prodictions ane pacs-
ently restricied fo swell riving from maore o |seang soarces.

The model = infcialzed with wave messuremenes from
cither am aray of sensars sttached o Chevron's Harves: Flai-
Form, o 2 wave booy near the plafoon, locsod approi-
izl 3 lom west of Point Conception in 2080m waier degeh.
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Wave Presetion in the Sanin Berbers Channc|

The measare ments aro tmnsmisied by welephons limes 1o the
CTMF carntral facility at Scripps wihern they are processed 5o
estimane the deep waler wave spectrum (the distribation of
wave enerpy as a femcton of the wave period and diree-
tion). This wave spectrum = = tom used W initiliee the
refrpction-diffmction model that prodics the wave fleld
within the enrise Souther California Bight. {Oher offchon
By s wsed o initaline miode] gmedictions for regions in
ceniral and nonhems Califormia ) Eranypdes af sowensts in
the Sants Rarbam Channel for ineaberi wesi and souss swells
with i?mmmlmlnﬂw I asd 2, -
spectively, The location of areas that are sheliered by the
Chansel Islands degenids eritically on the swell decion,

West (Winter) Swell
IFoir tha: weest gwell event, relstively lanpe swell heights
i prodicied o oooer just east of Point Conception along

Tom Covermd Dty Wdedvalian Progren - Scoppa isrmmes 51 Octiris gy
o Za o Bl déd Wimsragey - ST i ol ogiaes

12 DEC B5 - 1338 PST

Figure 1. COIP swell model predicios e e Sasts Berhars
Cheannel during & large west seell rvesd in Decomibser 1995,

me_m.mmuw
F. Comciun (11 1 g et Womrsngs — A7y Lo o F g
SSJULGE: TIFPET

L .

Figure 1. O swell medied prodiction for the Saits Bl
Chansel during a lsrge south seell cvent i July 19

The south-Facing cosseling (= .. Figure | wherne bands of yel-
Iy inaicase |erper winves than in the odjacent preen regions ),
A submirime escarpment {siesp alope) runming abang &
SW-ME faulr Bine serias the continental shelf fnesses west
erly swel] snergy between Hollisner Resch and Dmke"s Prnt,
as is well knows o e |ocal sarfing comimiinity. Rincon
Baint alsn has significandy highes wave heights shan the sur-
rounding coastline doriag west swell evenis.

Wave heiphts are also significantly amphified along
prrtinns of the Channed Tslands bordering the s gide of
the chammel. M of e “Foossing soses” begin bo devekop
in relatively deep water. That is, relatively large scale bathy-
metric feanares, ke an esoarpasent & e cmrvature of the
coiitifiental shelf bathymerry, prosdise these mooes of higher
waves along the coasd, Small scale coastal festures that ans
oiften associated with bigger waves, such as & popalsr surf-
ing reef or hesdlsnd, often fall witkin oue af the larger fo
osing Fones and are a final, very loeslized enbancement of
this larger scale wave amgilification.

Ancther gres of high swell Beight is located at the sass
nﬂufm&nmwmnmlﬁmﬁwﬁumtﬁg-
mre | |h1hilm.mr:fnﬂu]ul;laumndbrlh:mmlu
suhacrial fan of sediment deposited om the shelf by the
Weniurs esd Sania Clorn rivers. This lingn scale bathymetric
Trahune exiends nearly S0 ke offshon amd coscentestes much
of the wave escrgy propagaing castwend down the channel
VM @ nrrow soretes of ondsdling near the Sanin Clars Biver
moach. When thi decp waier swell comes from a slighely
WEW deroction {e.g., the swelll of an arriving winter sorm)
this focusiag xone shifls nomtheard dirscty (e the Yentur
s e is Fike |y the enderying comse of the oocasional storm
damage i the Yennirs Fier

Femally, a sipnificant swounl of west swell energy
poopagmes throegh the deip wainr passage herwesn Anscipa
Esland s t8: wnainland at the east end of tho channel. This
Wz énergy meaches o sl section of coastline i e sl
e of Sanea Mamica Bay sround Redando Beach. This ple-
nivnenon has been linked o time pericds when surprisingly
lerge woarves wire ebmerved inthe Reiloada Besch ares relo-
tive fo the rest of the Samas Manicz Bay coaszline,

Sowth (Summeer) Swell

Swell conditons in the Santn Barbars Chaseel] an
e diflenenl deanmg the sammer when ot swell domi
it the southern Califors wnve climaie. Miost of S chan-
nel and the suuth-facing coastline e sheltered by the Chan
il [slamds {Figure 23 The extend o which the west end of
the chanse] is dheltered by Sem Miguel Isdand deponds on
the direction of e arriving swoll. South swell arrvisg From
sinrms niss Mew Fealand (2 comamon sores mpion) reach
the west end of the channe] [Figurs 2} wheress swell ane-
ing fram a slightly mom easierly source (soms closer o
Somth America) sre almost comypleicly hlncked from ihe west
end of dee channeg] (oo shown).

Wawe condicions @ the casl ool of the channel se
simmilarly sensitive 5o the vwoll direction.
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Souih soeell progrgates past Anacapa 1sland and typi-
cally reaches the coast near Yenptura and Rincon Pomnt (Fig-
e 21 Swell from o direction slightly east of south (o.g., o
tnae compnss hesding of 1607) reackes Sania Barbara, bai
ERESE EvEnDs fe rane

WAVE REFLECTION FROM THE CHANNEL
ISLANDS

The swell model was lested usng ohsgrvalions i T
chanmed dunng the winterof 1994- 1995, Thires Dalawasll -
rectional Wiverkler buoys were deployed im 500 m waler
depih near Samin Rosa and Samta Cnoe Islands, and & (carth
buoy was instnlled near the maindend et of Sania Barchary
{Figure: 3, sites Inbeled as “Scripps Buoys (15995)7). The
citire eqst e of the chanmed is heavily sheliered by Point
Comgeption foom the WHW owell thal dominated during the
experimend period, The Samin Barbam Buoy was deep in
the theosetical Polnt Concegeion wave “shadow™ (Figuene 4,
upper pancl), The model underpredicied the swell energy
{ovempradicied the shelterng elfects) o this kncation (Fig-
ure 4, lower penel), The dirsaions of the messured waves,
cutirmsiiedd frone he dingetionsd by datn, consisiently showed
that the primary ceuse of the mode enderprediction bs ke
presence ol rellecied wave energy coming fram S Cre
Island (Figure 5, right pancl, and shawn schematically in
Figure 4, iop panel) thot is not included in the model. This
hypothesis ks further suppened by the booy measurements

close o Samn Cruz bslend (Figere 3, keft panel) showing
wenves conmin g oo v dirscsons: one direetion commesponds
Do e e iden i Trcom D Sep oogsan amd the: orhern 10 wives
reflecied From the sknd. Simikar resalis (mod shown) wiere
obtained by the buoy al the northesst comer of the alamd,
The: nowrth sicke of Santa Cnx [sland appears bo be a particn-
larly pood wave reflector cwing o the lange extent of sheer
caastal cliffs ibat drop stradght into waier depibes of 10mar
meore. [merestingly, the measorements from Santa Rosa Ts-
land {not shoswm) show little reffecied wave energy. The Sanin
Ruosn eousifline has lose cliffs, but thesz typically have rocky
shallows st cthelr hase, smd the continental shelf along the
islandd is much broader and shalloeer tham (e Sanin Cruz
Eskand shelf.

FUTURE MODEL IMPROVEMENTS

Through prants from the Minerals Masigpement Se-
wias il 1hee OFT30e of Maval Research, effors ane underway

1o improve Lhe CONF Smnia Barbara Channcl wave precdic-
tions by ncorporating wave reflectsmn from Sanin Croe [=-
land and wave penemtion by bocal winds.

The cansistent CDIF mode] underprediction of wave
energy m the kee of Point Conception during noithwest seefl
events [ Figure 4, kower panel) suggests that a simplified tneal-
ment of the reflected wave field may be possible for practi-
el applicmions, Hissorical wave measurements from the
channel (Figure 3) are presenily being analyzed io

5.0
| @ h Desth Contowrs — O 23 100 300m
J-un-{ @ MOoAA Bucys (1B02—1285)
N * Scripps Single Fressure Goges (1852)
el T @ Scripps Bueys (1995)
| *==  Sprinps Pressure Goge Tranasst (1995)
£
g c ]
=
i Las Angales
A8 ; .l|'! @ ;
N | {:.".5 . ﬂi_.?"
I“‘l. e [+ L - "‘1.,.
3s6f ¥ i T,
. L £ L i ;E" | St oL
121.0 120.5 1200 195 119.0 1185 1150
West Longitude

Fagmre 3, Historieal wnve datn bocnoms from 1992 1o 1998 that will be med bs imnpreas seeell mdel proecdie s s simd y o] s
MORAA Buanys collecto both wind and wave {mastly directionalydata. Soripps directional booy and pressare gape deploy pmen s Ly pacally

spainned several winer ol

TR
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andl it is amticipated that the tese ares will b evpanded over
Gme ko nclude e eating Santn Berbars Channel. OF par-
cectil e |nneieat i this Macal penération ol seas in the presence
of pre-existing swell, which s & common eccurmenee in the
charmal,

Finally, COHP places o establksh two lonp-tenm diees-
el wave buoy stations im che channel in the next chree o
five yeart as part of a malb-year weave network expansion
fanded By the Califoenis Diepartment of Bosting and Wter:
ways (Flgure &), Real-time data fron these beays will be
used to validane fsnine mode) improvemenls and enhince
CIOHP noweasts eroagh data assimilation methods. The dee-
igmation of the Paint Coscepiion - Sonim Barhern Chennel
a5 a “iesl bedd” For LS. wave model research will insere thas
govemment and commencial marine activity in this area will
be e direet beotficiary of stafe-of-the-art wave nowcast
and forecases in e near futune,

Figure . Locathons af presest (hluel, planned e 1999 [green),
il Tuture {red) locsd CEF booy skaEinm | circle amd enodel
rtﬂnru (i) This nefwork b desigaed to prsvide cumbised
st nndl swell predictioss for the Southern Califnrass onsiline,
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The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility for most
of our nationally owned public lands and natural resources. This includes fostering sound use of our
land and water resources; protecting our fish, wildlife, and biological diversity; preserving the
environmental and cultural values of our national parks and historical places; and providing for the
enjoyment of life through outdoor recreation. The Department assesses our energy and mineral
resources and works to ensure that their development is in the best interests of all our people by
encouraging stewardship and citizen participation in their care. The Department also has a major
responsibility for American Indian reservation communities and for people who live in island territories
under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primary
responsibilities are to manage the mineral resources located on the Nation's Outer Continental Shelf
(OCS), collect revenue from the Federal OCS and onshore Federal and Indian lands, and distribute
those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally sound
exploration and production of our Nation's offshore natural gas, oil and other mineral resources. The
MMS Royalty Management Program meets its responsibilities by ensuring the efficient, timely and
accurate collection and disbursement of revenue from mineral leasing and production due to Indian
tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially affected
parties and (2) carrying out its programs with an emphasis on working to enhance the quality of life for
all Americans by lending MMS assistance and expertise to economic development and environmental
protection.



