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USC Sea Grant — The Urban Ocean Program

® Funds research

® Community outreach &
education

® Technical assistance to local/
regional government
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10 Million by the Sea...

¢ (Climate Change Science & Planning ® (Coastal Management

¢ (Coastal Ecosystem Science *  Maritime Affairs
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Southern California Coastal Impacts Project
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Coastal

Conservancy

e Stakeholder Engagement and
Capacity Building
® |nitial Process Workshop (today)

® \Webinar series through (2015, until

model results are available) 1 |
¢
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® Technical Outreach Workshop
(Summer 2016)
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Overview of Presentation

Sea Level Rise 101

Models 101

About the Coastal Storms Modeling System
Overview of other local modeling efforts

Questions and Discussion
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about sea level rise
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Sea Level Rise 101

Ice
melting

Gravitational
attraction of ice

4+t

I

Glacial isostatic
adjustment

Ocean-atmosphere

interaction Terrestrial water
storage
C Groundwater withdrawl

!

Uplift and
subsidence

¢ Thermal expansion

* Melting of Glaciers & Ice Sheets

® Terrestrial Water Storage

¢ Tectonic Activity
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NRC slide

Time Period North of South of
Cape Cape
Mendocino Mendocino

2000 - 2030 -2-9in. 2-121in.

2000-2050 -1-19in.  5-24in.
g“ﬂm“mmﬂ SR 2000-2100 4-56in.  17-66in
regon, an - - 56 in. - 66 in.

TR 4 f.B\ST PRESENT, AND FUTU

http://www.nap.edu/catalog.php?
ecord_id=13389
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Coastal Storms

< <

Flooding and Beach and Cliff Losses from Combinations of
Sea Level Rise, Climate Variability, Tides, Waves and Runup

Maximum Potential Flooding Elevation

1.5m

Sea Level
Today —p

Calfornia Calfornia
Today W 200+

3 o -

Image adapted from illustration by Dr. Bill O’Reilly (UCSD)
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urricane Marie Impacts — Imperial Beach
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Coastal Storms

“Today’s storm Is
tomorrow’s high
tide...”

< -

Flooding and Beach and Cliff Losses from Combinations of
Sea Level Rise, Climate Variability, Tides, Waves and Runup

3 o -

Maximum Potential Flooding Elevation

1.5m
Sea Level
Today —p
Calfornia Calfornia
Today + 2100 +

Image adapted from illustration by Dr. Bill O’Reilly (UCSD)
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Expected Impacts from SLR and Storms

® Accelerated beach erosion rates
® (Greater incidence of cliff failures

¢ | andwards translation of coastal flooding &
iInundation

® Dangerous navigation conditions
® Beach/shore safety compromised

® Saltwater intrusion into coastal aquifers
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about models
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All models are wrong;
some models are useful.

- Statistician George Box
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What is a model?

Data === Code === Qutput

—
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What is a model?

Data === Code === Qutput

Information that sets the
boundary conditions for a
model

- bathymetry and
topography
- wind data
- pressure fields
- river flow rates

~\/
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What is a model?

Data === Code === Qutput

mathematical equations or
numerical approximation

- Xbeach
- Delft 3D
- SWAN
- ADCIRC

Sea Grant
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What is a model?

Data === Code =—=== Qutput

Information that sets the =~ mathematical equations or
boundary conditions for a numerical approximation

model
- Xbeach
- bathymetry and - Delft 3D
topography - SWAN
- wind data - ADCIRC

- pressure fields
- river flow rates
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What is a model?

Data === Code === Qutput

Flood projections
Storm projections
Uncertainty
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Variations on a theme

Data === Code === Qutput

Information that sets the =~ mathematical equations or Flood projections
boundary conditions for a numerical approximation Storm projections
model Uncertainty
- Xbeach
- bathymetry and - Delft 3D
topography - SWAN
- wind data - ADCIRC

- river flow rates

N/
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Static vs. Dynamic Models

Static ( “bathtub”) Dynamic

® A stationary model that floods ® Physical modeling of processes that
based on a given elevation, affect water levels — tides, surge &
no physics involved wave-driven processes (set up and

run up)

® Elevation (e.g. MHHW) +
given amount of SLR ® Based on time scale of storms
® San Diego Adaptation Bay e CoSMoS 3.0

Strategy SLR model
® NOAA SLR Viewer (modified)

® (Climate Central Surging Seas
(modified)

Pacific Institute (hylbrid)

o SPAWAR
® Bre/o
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about CoSMoS
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Coastal Storms Modeling System (CoSMoS)

® Dynamic - Physics-based numerical modeling
system for assessing coastal hazards on West

Coast

® Predicts coastal hazards for:
® [ull range of SLR scenarios (0 -2 m &5 m)
® Annual, 10 yr, 20 yr and 100 yr storms

® Developing decision support tools to meet local
adaptation planning needs

. Sea Grant
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CoSMosS 1.0 — Pilot Study

Dr. Patrick Barnard &
colleagues, USGS

Pilot Study (2010)

® Hindcasts Jan. 2010
storm (~10 yr storm)

® [orecasts 10 yr storm @
current, 0.om& 1.4 m
SLR

Outer coast focus
(protected bays not
explicitly modeled)

Flooding based on
maximum wave runup

A
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CoSMoS 2.0

Global forcing using
the latest climate

models \

6 Drives global and
N regional wave models

Seﬁﬂlant
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CoSMoS 2.0 | |
OCOF San Francisco Bay Model System Overview

H § GCM Winds __,|  Space and time down-scaling of GCM winds
-
' Q. 1
: —g GCM sea surface SWAN wave model runs GCM SLPs
; g temperatures for max daily wave heights )
7 v
5 _g Soa level anoma v Storm surge (inverse
' 8 _’[ TWL proxies I‘ barometer effect)
| @ lies ‘
LA

. I Selection of 21st century storms I

// i Tidal constituents \‘\
’.' GCM precipitation Storm specific \
' patterns SLPs \
' g ‘ Coarse-scale hydro- | E
‘. N dynamic model !
H § Delta & river Storm specific E
1 winds v H
] discharge \
P E T Coarse-scalewave | ||
. 1 model .
i Ocean swell '
\E Fine-scale wave !
E . models (7) E
1B ! Time-series water level and E
; = Fine-scale hydro- wave outputs extracted for :
E dynamic models (7) nested fine-scale models E
=. I :
‘\ I Flood depths overlaid onto 2m DEM and differenced | /'
E §. - Flood depth - Flood :ura:on E
HE =3 - Flood extent -Wave .eig ts i
i [e) - Velocities :

X e

GCM: Global Climate Models

SLPs: sea level pressures

ISLR: relative Sea Level Rise

TWL: total water level V
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CoSMoS 2.0

The DATA

® (Global Climate Models provide
winds, sea surface temps,
pressure

OCOF San Francisco Bay Model System Overview

v

! ;C-; GCM Winds N Space and time down-scaling of GCM winds
£
S .
% GCM sea surface SWAN wave model runs GCM SLPs
g temperatures for max daily wave heights )
1
.g Sea level anoma A4 Storm surge (inverse
[ _’I TWL proxies I‘ barometer effect)
@ lies ‘
LA
\ I Selection of 21st century storms I
// i Tidal constituents \‘\
4 GCM precipitation Storm specific rSLR "
patterns SLPs )
g . Coarse-scale hydro- [
R - dynamic model !
E Delta & river Storm specific :
. winds b |
@ discharge \
£ T Coarse-scale wave i
9 1 model BE
Ocean swell !
£ Fine-scale wave :
5 models (7) :
'8 3 Time-series water level and :
= Fine-scale hydro- wave outputs extracted for !
dynamic models (7) nested fine-scale models E

B

A I Flood depths overlaid onto 2m DEM and differenced |

.....................................................................

- Flood depth
- Flood extent

Notes:

GCM: Global Climate Models
SLPs: sea level pressures
ISLR: relative Sea Level Rise
TWL: total water level

- Flood duration
- Wave heights
- Velocities
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CoSMoS 2.0

The CODE

e Utilizes SWAN wave model to
downscale waves and Xbeach to
bring waves on shore

e TJotal Water Levels

® S|R, tides, waves, SLA,
storm surge, river discharge

OCOF San Francisco Bay Model System Overview

; ;C-; GCM Winds __»  Space and time down-scaling of GCM winds
' B
! Q. l
; % GCM sea surface SWAN wave model runs GCM SLPs
: g temperatures for max daily wave heights i
' ‘ 4 '
| .g Sea level anoma v Storm surge (inverse
' 8 _’l TWL proxies I‘ barometer effect)
'O lies ‘
LA

\ I Selection of 21st century storms J

. Tidal constituents \\

; GCM precipitation Storm specific rSLR "
' patterns SLPs ‘:
: g T Coarse-scale hydro- [
‘. N dynamic model !
H E Delta & river Storm specific !
H . winds v 1
) discharge H
i E , Coarse-scale wave :
[ 1 model e
| Ocean swell !
" E Fine-scale wave .
S > models (7) E
'8 } Time-series water level and :
P2 wave outputs extracted for !
! H

\

Fine-scale hydro-
dynamic models (7)

v

nested fine-scale models

N I Flood depths overlaid onto 2m DEM and differenced |

__________________________________________________________________________

Notes:
GCM: Global Climate Models
SLPs: sea level pressures

- Flood depth
- Flood extent

ISLR: relative Sea Level Rise

TWL: total water level

- Flood duration
- Wave heights
- Velocities
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OCOF San Francisco Bay Model System Overview
: ;C-; GCM Winds __»  Space and time down-scaling of GCM winds
; g .
; % GCM sea surface SWAN wave model runs GCM SLPs
' g temperatures for max daily wave heights )
. .g cea | f v Storm surge (inverse
' 8 . ev:e:noma- _’l TWL proxies J‘_ barometer effect)
:‘ § v
\ I Selection of 21st century storms J
’." GCM precipitation Storm specific rSLR |
' patterns SLPs \
= : Coarse-scale hydro- .
-] - dynamic model | | E
H E Delta & river Storm specific {
H . winds v 1
@ discharge \
. E - Coarse-scale wave i
- 1 model BE
H g o - I Ocean swell !
. ne-scale wave :
The OUTPUTS | % models (7) :
'8 ! Time-series water level and :
. P2 Fine-scale hydro- wave outputs extracted for :
® 40 SI_R and StOrm SCenarlOS, § dynamic models (7) nested fine-scale models E
plus King Tide scenario for \ 7 ;
. X I Flood depths overlaid onto 2m DEM and differenced | /'
SF Bay using CoSMoS
5 . i g - Flood depth - Flood duration E
l n ~ i
Flood depth, extent, duration {B | ocdenen Wave heights :
e} - Velocities E
® \Wave heights & velocities i ——
SLPs: sea level pressures
: ISLR: relative Sea Level Rise

TWL: total water level V
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Extreme Event Impacts

HOME OUR PROJECT INTERACTIVE TOOLS NEWS EVENTS = ABOUT US HELP

CHl .  —— e, Girie g
* OCOF get started <) P % e -

‘o0’
Interactive _ clear |
Map recenter +

1) Choose a topic. -

Flooding shows the extent of flooding
due to SLR, waves, and storm surge.

Flooding | Waves

Current Uncertainty

What do the Topics represent?

2) Choose a Sea Level
Rise (cm) level.

0 125]50!75{100|125i

[150 [ 175 | 200 | 500

What Sea Level Rise scenario
should | use?

m

3) Choose a storm scenario
frequency

None I Annual | 20 year 1100 year

4) Choose other layers
to view with
topic data.

[¥] Placenames

[ Land Use

[l Protected Areas

I Rivers & Streams

[] Cliff and Shoreline Retreat
[7] Shorebirds

[7] Coastal Armoring

Roads and Transportation
[ Trails

[71 Buildings

Utilities & Services =

Opacity

CI 1 D e
100 m

| Detail View |\:<<:‘ 500 ft

http://www.pointblue.org/oco
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Uncertainty

— i T - Wi Ao B
lss]"a Enter an address or placename s
et 8(\,:.9“5 = _1'“!._‘.1 _- l!lm! A-." v Max Wave Runup during Flood
Interactive \ o oy 025cm SLR + Wave 001
Map Q

AL = = = . = Nimw - GISFile
nter an address or placename QL Rend

i ;L“l-qﬁ JL",II‘ f

get s(clrtedl
clear |
recenter |

————1) Choose a topic.

s “OCOF

Interactive
Map
get startedl
clear |
recenter |

1) Choose a topic.

Minimum Inundation 025cm SLR
+ Wave 001

Maximum Inundation 025cm SLR]
+ Wave 001

Flooding shows the innundotion dus
to SLR, woves, and storm surge.

Flooding Waves

Current Duration
Flood Potential

Whot do the Topics represent?
Compare scenorios

Potential zhows the range of posstie
fiooding for @ scenario.

Flood Potential

What do the Topics represent?

2) Choose a Sea Level
Rise (cm) level.

0 7257 50 [ 75 [ 100 [125]

150 | 175 | 200 | 500

Whot Seo Level Rise scenario
should | use?

2) Choose a Sea Level
Rise (cm) level.

0 | 25| 50 | 75 | 100

150 175|200 500

Whot Seo Level Rise scenario
shoulc | use?

3) Choose a storm
— scenario -
frequency

| None ]Annucll | 20 yecrllOOyecr“

3) Choose a storm

or n
scenario 1
King Tide scenario frequency

What is g King Tide scenario?
‘ None IAnnuﬂII 20 year |100 yecr|

or

King Tide scenario|

What is g King Tide scenario?

4) Choose other layers
— to view with —
topic data.

[ Levees
[0 King Tide Photos

[ Placenames
[ tand iiea

4) Choose other layers
to view with —
topic data.

v

Deteiview. | [«

[ Levees

[J King Tide Photos
[J Placenames

O Land Use

Ao 1 Aranc

-

|" Dekucleewﬂl IE‘




CoSMoS 3.0 — Southern California

) COASTAL
(.r' TRAINING

Coastal PROGRAM
Conservancy Tijuana River

National Estuarine Research Reserve

® Multi-agency collaboration featuring coastal and climate
scientists from Scripps, Oregon State University and USGS

® |[ong-term coastal evolution modeled, including sandy
beaches and cliffs

® Downscaled winds from GCMs to get locally-generated
seas and surge

® Discharge from rivers for event response and long-term
sediment supply

N/
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CoSMoS 3.0 Timeline

® Study is underway...
® First set of limited scenarios next September 2015

® Full suite of 40 SLR and storm scenarios June 2016

N/
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other regional SD models

—

N/
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An embarrassment of riches...

CA & S.D.-focused
tools

CoSMoS 3.0

Pacific Institute SLR
Report

SPAWAR

San Diego Bay
Adaptation Strategy

National tools

® NOAA Sea Level Rise
Viewer

® Climate Central’s Surging
Seas 2.0

...And likely many more to
come in the future...

Sea Grant

University of Southern California



NOAA Sea |Level Rise Viewer

¢ Static Model ("Modiified
tat I C O e ( O I | e @ . Sea Level Rise and Coastal Flooding Impacts
h ,, Confidence ~ Marsh ol - A Streets % Share Map
a U Vulnerability Flood Frequency . g P oAne Zoom to: State or Territory <

Sea Level Rise @ Wy £ =

® - - - - - Current MHHW

Legend

® Doesn't include storms,  |z===
only tides

I Visualization Location

View Levees

© Overview

Use the slider bar above to see how various

levels of sea level rise will impact this area.

] ] Levels represent inundation at high tide. Areas
. thatare hydrologically connected are shown in
shades of blue (darker blue = greater depth)

Low-lying areas, displayed in green, are
hydrologically "unconnected" areas that may

1
flood. They are determined solely by how well
the elevation data captures the area's \
hydraulics. A more detailed anaiysis of these 2 g

© Understanding The Map \ 2 R, NOAA Digital Goast
==Tijuana . X ;

http://www.coast.noaa.gov/slr/

® Great for “18t order
screening”

University of Southern California




Climate Central Surging Seas

e Static Model (“Modified

Bathtub”) swongseas XL A )l S
‘SonDiog,Gattomn, Unieast | Q. ] )"’ / ;"‘ Yo f“;‘m‘”qy ente /(0

® Back-end data exactly RS~ = ’*’.":‘% ﬂ
the same as NOAA SLR B ANG e G

Viewer Data

® |ncludes social
vulnerability

Show Show
SOCIAL VULNERABILITY |8 POPULATION ETHNICITY

http://sealevel.climatecentral.org/ssrf/california
® Another good “1st order

screening”

Seﬁﬂlant

University of Southern California



Pacific Institute

Modeled by PWA

“Hybrid” Static Model

® Empirical relationships — no
physics
® included 100-yr storm event

® two SLR scenarios (0.5 m
and 1.5 m)

Didn’t include Scripps area

®

PACIFIC
INSTITUTE

THE IMPACTS OF SEA-LEVEL RISE ON THE CALIFORNIA COAST

Mahew Heberger, Heather Cooley, Pablo Herrera, Peter H. Glesch,
and Eli Mocee
May 2009

Preparod for the Caldfornia Climate Change Conter

Available on Cal-Adapt  htip.//pacinst.org/publication/the-impacts-
of-sea-level-rise-on-the-california-coast/ 7

N/
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San Diego Bay Adaptation Plan Modeling Work

®* Modeling by SDSU, Dr. Rick
Gersberg

e Static Model
® |ncluded 100 yr storm event

® Two SLR scenarios (0.5 m
and 1.5 m)

® Used by San Diego Bay
Adaptation Planning Team

®* Modified for use by Port of
San Diego by Environ

Sea Level Rise
Adaptation Strategy
for
San Diego Bay

January 2012

v
{

Prepared by ICLE} for for the project’s Public Agency
Steering Committee, with the support of The San Diego Foundation.

http://www.icleiusa.org/static/
San_Diego_Bay_SLR_Adaptatio
n_Strategy_Complete.pdf -

N/

’Sea biant

University of Southern California



SPAWAR

® |ead: Dr. Bart Chadwick from Systems
Center Pacific in collaboration with:

® TerraCosta Consulting Group,
Moffat & Nichol, USGS, UCSD San
Diego Supercomputer Center
® Dynamic model w/storms

® SIRof0-2min 0.5 mincrements

e (Iliff erosion & alongshore transport

® Used for Naval Base Coronado, Marine
Corps Base Camp Pendleton

N/
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SPAWAR & CoSMoS

| ead: Dr. Bart Chadwick from
Systems Center Pacific in
collaboration with:

® TJerraCosta Consulting Group,
Moffat & Nichol, USGS, UCSD
San Diego Supercomputer
Center

Dynamic model w/storms

SLRof0-2min0.5m
Increments, includes

Cliff erosion & alongshore
transport

sed for Naval Base Coronado,

Main Differences —

* DATA

e Different GCMs

* CODE

e SPAWAR uses CDIP,
high resolution and
validated wave model

o SPAWAR uses Yates
et al. Equilibrium
position model, Bruun
rule and Xlbeach

~\/
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BreZo

® Modeling by Dr. Timu Gallien

UCI and now UCSD
LGt and now ) Galhen et al., 2011
® Dynamic model = AN " g— |

® Civil engineering overland flow

model
. Legend B il
® Sub-meter resolution reosoepn o)
[1-10
* Completed project for —
Newport Beach, includes — g
validation data set — o

® Proposals under review for
SD; UCSD funding for Imperial
Beach modeling project

R/
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BreZo & CoSMoS

® Dynamic model Main Differences —
® Overland flow model © DAIA
® Unstructured grid
® Sub-meter resolution (triangular vs. rectangular)
e CODE

® Completed project for

Newport Beach, includes e Different overfland flow

model (based on civil

validation data set engineering)

® Proposals in for work in e OUTPUT
SD; hindcast modeling ® Sub-meter resolution
for Imperial Beach ® Fine-scale model

validation at Newport ‘

g S

Sea?ﬁfnt
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BreZo & CoSMoS

® Dynamic model Previous collaboration

S Ovier el el between Timu & Patrick

e SUb 7 * Gallien et al. (2013) Journal
e een of Coastal Research 29(3):

® Completed project for 642-650

Newport Beach, includes Discussion of future
validation data set collaboration

® Proposals in for work in * CoSMoS provides total
SD; hindcast modeling water levels to force BreZo

for Imperial Beach

N/
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S0, great, but which model do | use?

® Important to consider sea level rise in combination with
coastal storm impacts.

® Previous efforts in SD region utilized a static model approach;
several new (excellent) efforts coming online that provide
dynamic models and which incorporate storms.

® CoSMoS will be open for use by all communities from Pt.
Conception to the border...for free.

* SPAWAR & BreZo — both excellent options as well, but are
funding-dependent and not currently available to all So Cal

jurisdictions

® Potential future collaboration between Timu and Patrick as
well TCG/Scripps

' "Sea birant
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Questions?
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