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Beaches serve to important purposes:

1. A buffer to shoreline wave attack
2. A recreational resource for 39 million residents and ~32 million

visitors and at the heart of a $20 billion/year industry




Beach sand has become increasingly important as a tourism and
recreational use increases, and also as the most cost-effective
short-term buffer to the coastline from wave attack and sea-level




Narrow beaches means less recreational area and
Increased cliff retreat.
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Dominant waves
from the northwest
drive most of
California’s littoral
drift south, although
there are areas with
northerly transport,
and with seasonal
drift reversals.
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Sand moves along the coast of California
within beach compartments or littoral cells
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An individual littoral cell consists of sand sources,
littoral drift and sand sinks.
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Littoral Cell Rivers Bluff Erosion Total Reduction Beach Nourishment Balance
(dams) (armor) (nourishment-reductions)

Fureka Reduction yd3/yr N/A N/A N/A 0 N/A
Percent Reduction N/A N/A N/A

Santa Cruz Reduction yd3/yr 6,000 8,000 14,000 0 -14,000
Percent reduction 3% 20% 6%

Southern Reduction yd3/yr 237,000 N/A 237,000 0 -237,000

Monterey Bay Percent reduction 33% N/A 33%

Santa Barbara Reduction yd*/yr 1,476,000 3,000 1,479,000 0 -1,479,000
Percent reduction 1% 19% 40%

Santa Monica Reduction yd3/yr 29,000 2,000 31,000 526,000 495,000
Percent reduction 30% 1% 13%

San Pedro Reduction yd®/yr 532,000 0 532,000 400,000 -132,000
Percent reduction 66% 0% 66%

laguna Reduction yd®/yr 0 1,000 1,000 1,000 0
Percent reduction 0% 13% 4%

Oceanside Reduction yd*/yr 154,000 12,000 166,000 111,000 -55,000
Percent reduction 54% 18% 47%

Mission Bay Reduction yd3/yr 65,000 17,000 82,000 44,000 -38,000
Percent reduction 91% 18% 50%

Silver Strand Reduction yd3/yr 41,000 0 41,000 256,000 215,000
Percent reduction 49% 0% 49%

Total Reduction yd*/yr 2,540,000 43,000 2,583,000 1,338,000 -1,245,000
Percent reduction 43% 1% 39%

Southern CA Reduction yd3/yr 2,297,000 35,000 2,332,000 1,338,000 -994,000

Total Percent reduction 47% 10% 44%
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75 to 95% of California’s
beach sand is provided
by rivers and streams, the [t
remainder by cliff and  ER et
bluff erosion.

X -<-:f_"c“ . ek
'——4‘-’-';’ o
; ; :
v~
//‘_ "
-~ - /
_-_ /
= T
l e 3




Dams trap sand
headed
for beaches

: T{‘

Seawalls halt bluff
erosion and
eliminate bluff
contributions to
beach sand budget.



In California, In the last
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century, 480 major __
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dams and reservoirs
and nearly 200 debris
basins were built. All of
these trap
sand that would have [k
normally flowed to the
shoreline.

About 25% of the sand
originally supplied by s
rivers has been cut off IR L

by dams



164,000,000 yds? m{ it g
is trapped in ° ki
reservoirs

Enough sand to n
build a beach &

Central
California

150 feet wide,10
feet thick, and
560 miles long-
extending from Southern

California

Santa Cruz to the .

50%

Sand impounded A it

by dams increases @ 5
= 1,000,000 m" sand/yr
from north to south

Mexican border.
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10% of the entire California coast armored, but 33% of
the coastlme of Southern Callfornla has seawalls.
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Despite sand reduction from dams and seawalls,
beaches haven't systematically been eroded.
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ABSTRACT

Rectified vertical asnal photopraphs and topographic LIDAR by enginesring st
sefs, geographic information systems, field observations, and  changes over the

historical data are combined to inwvestigate morphological
changes for 75 beaches around the Southern Califormia Bight
over a peniod of 56-77 years. These beaches occur within five
discrete units: the Santa Barbara, Zuma, Santa Monica, San
Pedro and Oceanside littoral cells. No cell-wide net erosional
or net depositional trends are identified Felatively natural
beaches, lacking major buman impaets, reveal modest cyehe
narrowing and widening related respectively to El1 Nimo and La
Nifia climatic forcing, and longer-term frends weakly related
to the Pactfic Decadal Oscillation. For beaches mnfluenced

tion. First, hard st
calls, with accrat
of jetties and brez
arfificial nounsh
erosion also ocet
the longevity of :
fill infroduced an«
ent. In most case:
beaches erodmg o
cycles of re-nour

eaches around the Southern
B California Bight protect back-

shore development and related
infrastmucture from potentally destruc-
tive storm waves and high fides, provide
habatat for plants and animals, and attract
recreation and tourism. However, thasze
beaches are often narrow, and in many
cases, o longer m a natural state.

Southern Califormia beaches vary m
size I respense to natural foremg facters,
notably to seazonal sediment mputs from
contnbutmg drainage basins typified by
a Mediterranean-type climate, and to
variations in wave climate. Over penods
from a few hours to several days, wave
condifions cause changes at the beach
face, which comphicate interpretation of
monthly and seasonal trends. At seasonal
scales, and despite winter inputs of flu-
vial sediment, exposed beaches typically
expenence net winter erosion by storm
waves, and net summer accretion by

ADDITIONAL KEYWORDS:
Beach change; littoral cell; zed:-
ment fransport; beach nourishment;
coastal engineening; ENSO; Pacihe
Decadal Osallation; Southemn Cali-
fornia Bight
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long-period swells, such that year-to-yez
changes are less obvious (Omme 2000
Sheltered beaches suffer less season:
vanabiity. Ower the medium term of
few years, El Niio-Southern Oscillatio
(EM50) events may also foree beac
changes (Flick 199%; Inman and Jern
kins 1999; Storlazzi and Griggs 2000
Because of this vanabihiy, longer-terr
trends lasting decades or more are poort
understood but may mvolve secula

changes n ocean-atmosphers forcing an
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Long-term beach width changes in

Santa Barbara Littoral Cell
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BEACHES OSCILLATE INWIDTH WITH CLIMATE CYCLES
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THERE ARE DAMS
FULL OF SAND AND
TARGETED FOR
REMOVAL BUT NO
ACTION HAS BEEN

Rindge Dam
Malibu Creek



Matilija Dam
Capacity: 4,685,400 m”3







TWO LARG "AMS'ON ELWHA RIVER IN WASHINGTON
STATE RECENTLY REMOVED -
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NOURISHMENT ADVOCATED AS A SOLUTION TO SAN DIEGO
COUNTY’S “‘ERODED” BEACHES.
» Two beach nourishment projects completed (in 2001 & 2010): 3,400,000
yds? of offshore sand added to beaches at cost of $46 million.
» Most of this sand eroded from exposed beach within first year of
placement.




330,000 yds® added to Torrey Pines Beach in April 2001.

1. From April to Nov. 22, waves generally < 3 feet, only modest

sand losses.
2. At noon on Nov. 22, waves reached 9-10.5 feet for 7 hours.

Fill began to erode quickly; by daylight on Nov. 23, fill had
been almost completely eroded.
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Beach widths, cliff slopes, and artificial nourishment
along the California Coast
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Gary Griggs
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ABSTRACT
Wide beaches provide a buffer that can prevent wave mn-up and
storm surges from reaching back beach areas, whether dunes,
cliffs or bluffs. The dissipative role of beaches 15 especially
important on chiffed coastlines where cliff or bluff retreat is an
uwreversible natural process that can lead to the destruchion of
cliff top development. Becanse changes in bluff meorphelogy
are process-linked eliff slope 15 generally indicative of the rela-
tive miportance of manne and terrestnal erosional processes.
Steep chiffs are usually reliable indicators of the dominance of
manne erosion, znd their presence provides evidence for the
lack of a permanent protectrve beach. While beach neunshment
in California has histonieally been pimanly opportumstic and
the by-product of a coastal dredging or construetion project,
two recent projects in San Dhego County (RBSP I and IT) wers

the first large-seale efforts where sand was added to the shore-
line from offshore sources for the sole pwposze of widening
the beaches for both protecting back beach development and
increasing recreational opportunities. Every stretch of shoreline
has some equilibrium beach width; however, that 15 a furction
primarily of 1) the wave climate, 2) coastline configuration,
3) presence of natwral bamers to hitorz] drift, and 4) sediment
supply. Oherall, the sand added to the relattvely narrow San
Disgo County beaches had a wery short life span on the exposed
subaenal beach. In a region with relatively high littoral dnft
rates, and particularly for sherelines frenting steep chiffs, which
historically have not had wide beaches, without either repeated
nounshment or the constmetion of retention structures, there is
no reason why artificially added sand should widen and remain
on subaenal beaches for any extended penod of ime.

P I early two-thirds (~80%:) or a little
over 1000 km of California’s
coastline consists of bluffs or

low cliffs =100 m hagh, often fronted by
beaches of varying widths (Gnggs 20100
Sandy beaches provide important buffar
zones between marine and terrestrial
environments as well as important ree-
reational areas. While unaltered beaches
tend to have some long-term squilibrium
width they also fluctuate naturally due to
zeazonal changes m wave energy and tidal
variations, but also in response to vana-
tions m sediment input and littoral frans-
port gradients (Hayes and Boothroyed
1969; Komar 1998; Nordstrom 2000).
Humans have altered the supply and
movement of sand on Cabiforma beaches;
kowever, both through the construction
of dams on coastal rivers and also the
emplacement of littoral barmers that
trap sand and ereate artificially widened
beaches upcoast, but may alse produce
zand deficits dowmnecoast.

There 15 generally a close correlation
between beach width and chff or bluff
steepness along Califorma’s coast. Where
beaches are very narrow or only present
seasonally, marine erozion dominates

Eeywaords?
R&A dates?

the process of cliff formation, producing
steep profiles. Where beaches are very
wide, waves rarely reach the back beach
area and bluff and cliff evelution tend to
be dominated by terrestrial processes,
which produce more gentls slopes (Kms-
man 2011}.

Hu.m%l.n impacts en sand delivery to
and transport along the shoreline, major
storm events associated with a recent
warm phase of the Pacific Dacadal Os-
cillation (PDNO), short-term mereases m
local sea lewel, as well as a gradually
nsing global sea level have combined
to inflict significant damagze on private
development and public infrastructure
along the California coasthne in recent
decades. While coastal ammor, whether
revetments or seawalls, has histori-
cally been the meost common response
to coastal eliff or bluff erosion, concerns
regarding potential impacts of protection
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stractures on beaches (Griggs 2005) have
led to 2 significant reduchon m permit
approval for new armor.

Arificial beach nourishment has long
been a common prachce along the low-
relief, typically bamier island-backed
Atlantie coast for miigating shoreline
retreat and beach loss. Unhl recently this
was not the case for Cabfornia, where
almest all beach nournishment was a by-
product of large coastal construction and
dredzing projects (Flick 1993 and Wiegel
1994). Two majer beach nourishment
projects have recently been camed out in
San Dhego County (Fegional Beach Sand
Project I and I or RBSP I & II), which
were imtensively monitored and provide
on Califormia’s coast, which differs in
many fundamental ways from the Atlantic
coast. While additional propozals for large-
scale and leng-term beach nourishment
projects have been proposed and contmue
to move forward in the planming process
in California, the ability of nourished
beaches to effectrvely buffer biuff and cliff
backed coastimes from marme erosion for
extendad peniods of ime has not been erii-
cally evaluated or fully quantrfied.
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Sea cliff profile tells us a lot about the dominant
processes responsible for coastal cliff formation.

Terrestrial processes dominant-
Wide beach protects bluff
from wave attack.

Marine erosion
dominant- Narrow or
no beach.
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Without repeated nourishment,
or the construction of retention
structures (groins), to hold
beach fill, there is no reason
why Iin an area with narrow
beaches or steep cliffs that
nourished sand should remain
for any extended period of
time.




