California Marine Affairs and Navigation Conference (CMANC)

Beach Change and Sand Transport along the
Sputhern-California Coast

L e : E

R

March 215, 2024

D. T. Kahl}, L. Vulis?!, J. E. Schubert!, B. F. Sanders’?

1 Department of Civil and Environmental Engineering, University of California, Irvine, Irvine, CA
2 Department of Urban Planning and Public Policy, University of California, Irvine, Irvine, CA



Role of Longshore

Historical Recent Trends in Insights and

Takeaways

Introduction Transport in Beach

Perspective Beach Width Change




Introduction

Historical
Perspective

Recent Trends in
Beach Width

Role of Longshore
Transport in Beach

Insights and
Takeaways

Capistrano
Bight

Oceanside
Harbor

Solana f

Del Mar
Torry
Pines

La
Jolla |

oA




: Historical Recent Trends in Role of Longshore
Introduction . ) Transport in Beach
Perspective Beach Width Change

Insights and
Takeaways

Summer Profile

What drives beach width changes?

Winter Profile

Seasonal differences in wave energy
*  Yates 2009

Interannual changes in wave energy/direction: El Nino/La Nina
Vos 2023

Changes in sand supplies from rivers and cliff erosion
*  Flick 1993, Patsch 2006

Gradients in longshore transport (divergence of drift)
Komar 1970
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CLIFFS
* Beach change can be interpreted in

the context of a littoral cell
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» Littoral segments support sediment
budgets (mass balance).
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Littoral segments support sediment
budgets (mass balance).

Spatial differences in longshore
transport drive beach width changes

Divergence of Drift (DoD) = spatial
differences in longshore transport
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Data Sources for Beach Analyses

Historical Aerial Imagery 9

 Historical imagery offers insights into oLy A L. , R A AR ,eposm%ﬁ
coastal changes during the 20" century ' : \

Satellite-derived beach widths
* Monthly to sub-monthly shoreline
positions (Vos 2019)

Wave data
* CDIP MOP data (modeled wave height,

period, direction), hourly, every 100m
at 10m isobath (O’Reilly 2016)
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Historical Perspective (1938-1991)

 During the 20 century, the southern California coastline and
adjacent watersheds rapidly transformed with urbanization

* Extensive nourishment projects occurred during the middle part of
the last century, but rates have declined in recent decades
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Historical Perspective (1938-1991)

Historical Recent Trends in

Historical Aerial Tmagery, Beach Width Timeseries
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 Historical aerial imagery shows beach widths were relatively stable during the 20 century

* Northern beaches widen from nourishment (~2.2 million cubic yards from Dana Point
Harbor) and eventually return to pre- 1970 levels, suggesting about 20 years of benefit
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 Beach width trends based on
satellite-derived beach width
data

* While many beaches have been
Beach Width Change [ft/yr]

eroding since 2000, some 2000-2021
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beaches have been growing 1500
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* Data reveals erosion hot spots
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Potential longshore transport estimated using CDIP MOP data &
CERC equation between 2000-2021

Huntington Pier

Santa Ana River

San Pedro

ewport Jetties
ewport Point

Q =Ky /gHg sin(26,)

Peclet Number captures ratio of mean and standard deviation in
transport

Pe=u—Q
0@

Oceanside

Pe > 1 — Dominated by Advection
Pe <1 — Dominated by Diffusion
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San Pedro Cell

Do spatial differences in longshore

transport (DoD) explain beach
change?

For more details see paper by Kahl et al. (2024)
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* Nourishments explain beach

growth sometimes but not

always

Can longshore transport
(DoD) explain long-term
patterns of beach change in
the Oceanside cell?

Nourishment data from 2000-2021
National Beach Nourishment Database, Elko 2020

0Co85

0C035

D1195

D1145

D1095

D1045

D0995

D0945

D0895

D0845

D0795

D0745

D0695

D0645

D0595

D0545

D0495

Longshore Transport (2000-2021)

Beach Width Trend (2000-2021)

Beach No Beach

Waterbody Nourishment

1 T

North |
e NOT' T h
— Pey; > 1| |
— e < 1

%k

=
%

,[‘\

T
Pos Trend |

m—— Neg Trend

Doheny T I I

San Clemente

San Mateo Point  San Mateo C.
San Onofre C|
San Onofre

Las Flores C

Aliso C.
Camp Pendleton =

Santa Margarita R,

San Luis Rey R.

1
<
-,
1
1
I
—
1
sy 1
| | _— | 1 Oceanside B
£ -
! 8 ! Buena Vista L.
L I B L 1 |
- 1 Aqua Hedionda
-1 1
[ 1
B [ T i. Carlsbad n
| sl 1 Batiquitos L.
L __nl" 5 1 1 B
= !
= - _‘;: Encinitas
—é_l_ - | San Elijo L.
nc—l plisa 1 <
| — iR 1 Solana |
—_ = - ! San Dieguito L.
—
o ‘l: - jj: Del Mar
ol ~—— | Borry Pines Los Penasquitos L.
- = b
L .;-I_— - 1 E| B
——T _ 1
L _=all) S ! La Jolla
| | I | | gpeee—— I ! I ! 1 | I | !
-200,000 -100,000 0 100,000 200,000 -4 -3 -2 -1 0 1 2
[m?/yr] m/yr]




Historical Recent Trends in Role of Longshore

, , Insights and
Introduction Transport in Beach g

Perspective Beach Width Takeaways

« Simplified interpretation of
longshore transport (advection
or diffusion dominated)

Green/red colors represents
beaches expected to
widen/narrow based on DoD

Up to 73% of beaches either

widen or narrow consistent with Longshore Transport
Mechanism

DoD south of Oceanside Harbor North South
Advective
Diffusive @

DoD Predicted Beach Trend ,
=== Eroding 10 Miles

~ Growing
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Capistrano Bight

Historical imagery suggests this region has been
relatively stable until 1990s

Satellite imagery shows erosion rates have
accelerated in recent decades

Divergent, advective currents at San Mateo
Point, diffusive currents in Bight

DoD suggests that much of Capistrano Bight
beaches would widen given adequate sediment
supply, and limited sediment would move south

of the Bight DoD Predicted Beach Trend
=== Eroding
~ QGrowing
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Why are Capistrano Bight beaches eroding while San Pedro cell beaches are growing?

e San Pedro has benefitted from nourishments

Cumulative Nourishments Beach Width Change
—— San Pedro Cell —— San Pedro Cell
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Oceanside Harbor

Satellite imagery shows beaches have been
eroding, despite routine nourishments

Analysis of wave Data/longshore transport
points to predominantly upcoast transport

A recent analysis by Griggs and Patch (2023)
suggests transport is downcoast during Fall
and Winter, upcoast in Spring and Summer
and net transport downcoast.

“It 1s highly likely that a significant portion of

the average annual dredged volume of sand is DoD Predicted Beach Trend
carried back into the harbor entrance.” (Griggs ~ Eroding

and Patch 2023) * Growing
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Limitations

Analysis is based on longshore transport potential, assumes unlimited availability
of sand

Analysis is based on a 20 year window that may differ from long-term average trends

Wave height and direction evaluated at the 10 m isobath (CERC equation defined by
wave height and direction at the breaker line)

Differences in longshore transport models (e.g., Van Rijn) could yield differences in
mean transport due to nonlinearities with respect to wave height and/or wave length.

Representativeness of CDIP wave data at Oceanside Harbor versus other shoreline
sites could be examined further.
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At what spatial and temporal scales does
Divergence of Drift (DoD) explain beach width
trends?

* Spatial averaging window of at least 3 km

improves correlation between DoD and
beach width trends

Good correlations emerge at 2.5 years, and
are consistently strong above 5 years

2%,
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p Change y

Summary

Satellite data on beach change and modeled nearshore wave
data (CDIP MOP) support a new type of sediment budget
analysis

Beach accretion/erosion trends are spatially fragmented - with
hot spots of erosion. ocazuat o

. < -3

Spatial fragmentation explained by Divergence of Drift in
many cases (€.g., San Pedro littoral cell)

P ~Ucadia/
v iz §

Suitability and prioritization of sites for sand nourishment (and
shoreline stabilization more broadly) can be informed by DoD
analysis.




Thank you!

Daniel Kahl (dkahl1(@uci.edu)
Brett Sanders (bsanders@uci.edu)

Metropolitan Beaches Project (beaches.eng.uci.edu)
UCI Flood Lab (floodlab.eng.uci.edu)
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CDIP MOP Wave Data
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Seasonal and ENSO Distributions of Longshore Transport
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