A Coastal Storm
Modeling System for
determination of flood
hazards along a high
energy coast in
response to SLR and
215t century storms




Motivatfion & Background

GOAL of the work: To assess the vulnerability of the coastal
margin to flooding due to 215 century sea level rise and

coastal storms

Objectives of the work:

« Emphasis on directly supporting
federal and state climate change
guidance and vulnerability
assessments

* Location-independent methodology
(widely applicable)

« Address all relevant contributions to
total water levels and flooding

oSLR ° fides o steric effects o storm
surge, - waves e river discharge -

levees and seawalls - non-linear
interactions NN
\M\
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Presentation objectives .=

 elucidate on the added benefit (or not) of
accounting for the influence of SLR on storm
Induced flood hazards along high-energy
coastlines

and

» provide an overview of web tools and the
underlying CoSMoS model developed for
evaluating future flood vulnerabilities
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Talk outline

1. Overview of the end-user web tool and
modeling approach

2. Example application to North-Cenftral
California

3. Findings
 flood levels are non-linearly related to
iIncreases in SLR

« accounting for storms in combination with SLR,
substantially increases flood extents, but is
strongly a reflection of the topography (duh,
No surprisel)
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Two workshops were keld in August 2011 to solicit management
mnformation needs for the decision support fool. Fifty-five coastal
managers and planners who vse sea level rise and stom data sed
information in decision-making participated in the workshops. The
Coastal Manager Scoping Workshops Summary Report is avalable
at hitp:// proo :rg-'g;;f

Workshop participants defined
the highest prictity
management questions
relsted to se3 (evel nse and

1. Overview of the T
end-user tool e

« Infractracture

. « Recreation
and modeling e
= YWhen and whare will coastal erosion oocur and what wil it affect’
= What restoration sites should be priortzed and what sreas may

G ro O ( : h not be suitsbie in the future?
= What areas are wulrerable fo muli-hazard impacts, such as flood

fire, earthquake, etc

Highast Priority Tool Capabilities:

= Accommodate different user capabiities
= Address modzl uncenainty

= Provide user trairing resources

= Easy intariace

= Accommidate new data; abiliy to update
= Customize through use of own data

= Abdity to upload/download shapefiles

= Make avaiable fo the public

= Abiity to draw points, Ines ard polygons and generste 3
report on the chosen area




HOME | GET STARTED = FLOOD MAP CASE STUDIES EVENTS = ABOUTUS @ HELP

OCOF map help
g clear
Interactive o
Map navigate
1) Choose a topic.
Duration shows how much time
flooding lasts in a tidal day.
Flooding V
Duration

Flood Potential

2) Choose an Amount of Sea
Level Rise (cm).

3) Choose an Event

Choose

Storm Scenario Frequency
Annual year {100 yeor,

Or Choose
SF Bay King Tide Scenario

4) Choose Shoreline Change

(Southern California only)

Detail View
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OCOF

OUR COAST QUR FUTURE

CoSMoSi:

Flood Duration 200cm SLR +
Wave 100

0-3 hours
3-6 hours
6-9 hours
9-12 hours
= 12-15 hou
® 15-18 hours
= 18+ hours




GET STARTED = FLOOD MAP

OCOF map help
il
h: ap navigate
1) Choose a topic.
Current shows the velocity of the ocean

waters in a scenario.

Flooding Waves

Current Duration
Flood Potential

Whoat do the Topics represent?

Level Rise (cm).
75 [100]125
0 | [Use feet]

Whoat Sea Level Rise scenario
should | use?

0 ]25]s0

[150 | 175 [[200

3) Choose an Event

Choose

Storm Scenario Frequency
None | Annual | 20 year [100year

Or Choose

SF Bay King Tide Scenario

King Tide
Whot are Storm Scenarios?
Whot is o King Tide scenario?
4) Choose Shoreline Change
(Southem California only)
[ ciiffs [EShoreline Position
And Choose
Options

"Hold the Line" [[J&1] no

Tum on "Hold The Line Assumptions™

< m

2) Choose an Amount of Sea

[

Beach nourishment| yes | no |

halaw tn sea what influences these

| Detait View. | |[«]|

CASE STUDIES

EVENTS

. OCOF

OUR COAST QUR FUTURE

ABO!
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Generate sum mary repOrtS of your
dlred Of I nte re St coo B LS OCOR D00 aen sl an Sconaro Repor

OUR COAST OUR FUTURE wwnr. pointblue.orglocof Report created: Jul 10,2015 12:48 pm

This is the sea level rise and storm scenario report for the area you selected. This report was designed to provide information to
help you identify vulnerabilities to sea level rise and storm surges.

Area and Elevation Information

Area is the size of selected polygon, in square meters, acres and hectares, and Elevation is the average, minimum and maximum
elevation from the Digital Elevation Model (DEM) within the polgyon.

1) Choose a topic. -

Flooding
LA w

00N Area: 383,654.79 m? Elevation: Mean - 8.21 meters
94.80 ac Minimum - 0.26 meters
38.37 ha Maximum = 53.72 meters

2) Choose an Amount of Sea
Level Rise (cm).

Projected Percent Area Flooded for the Selected Area

Values indicate the percentage of the selected area flooded for the Storm and Sea Level Rise Scenario combination.

100 yr Storm 38% 47%
3) Choose an Event 20 yr Storm 12% 45%
Storm Scanaro Frequency _ Storm | annuai Storm 1% 22% 41%
Note | snouar[ 20 eor 100, ° No Storm 5% 10% 39% 47%
King :T'Id:;USE(::Mﬂo none 50 cm 100 cm 150 em
U Sea Level Rise Scenario

[] under25% flooded  [_] 25-50% flooded  [I00] 50-75% flooded [l over 75% flooded

4) Choose other layers
to view with
topic data.

Digital Elev Model (DEM)
Levees

Placenaomes

Land Use

Protected Areas

Projected Average Flood Depth for the Selected Area

Walues indicate the average flood depth (in feet and centimeters) over the Mean Higher High Water (MHHW) within the selected
area for each Storm and Sea Level Rise Scenario combination. Values include modeling uncertainty bracket of +/- 40 cm.

horeline Retreat
Shorebirds
Coastal Armoring

Rl ULl [ 55-935cm [ 85-165em | 125-205cm  165-245cm  210-290cm 480 - 560 cm

Roads and Transportation 1.8-44ft 2.8-541ft 4.1-6.7ft 54-81ft 69-95ft 15.7-18.4 ft

Trail

E!’j\\csngs Storm 20yrStorm | 35. 115 cm 65-145em (| 110-180cm | 160-240cm 210-290cm  485-565cm
¥ Utilities & Services Scenario 1.1 B ft 2.1-481ft 36-6.21t 52-791t 6.9-95ft 15.9-18.5ft

e bl 55 - 135 cm 25-105cm 65 - 145 cm 95-175cm 150-230cm  425-505cm

1.8-4.4ft 0.8-341 21-481t 3.1-571 49-75ft 13.9-16.6 ft

Ne Storm | 40 - 120 cm 35-115cm 60 - 140 cm 95-175cm 125-205cm 415-495cm

1.3-39ft 1.1-38f 2-46ft . 4.1-6.7ft 13.6-16.2 ft
none 50 em 100 em 150 em 200 em 500 em

Sea Level Rise Scenario

[] average less than 1 ft [] 1tw3fc [ 3tost [ overSft




HERA web tool

< c 0 ‘ @ https;//www.usgs.gov/apps/hera/ ﬁ‘ '- M =30

b Hazard Exposure Reporting
.',':l“”,,, and Analytics (HERA)

Hazard
Coastal Storm

@ None Annual 20-year 100.year

Sea Level Rise (cm)

—

25 50 75 100 125 150 175 200

Overview  Data and Methods  Help  ContactUs  Disclaimer

&

Location
SelectAll  Clear All

2 m SLR + 100 year
projected storm

> 355,000 residents

b [C]Alameda County

I []Contra Costa County
b []Marin County

I [[]Napa County

I [L]San Francisco County
b []San Mateo County

Exposure HIN 1 Mantéca
OO0 > $102 b|II.|on in property =
Demographis > 1,941 miles of roads 7

‘esidents

> 278 critical facilities
N I 159-36apeone

B :c6-277 people
B ©77-2,153 people
Opacity

Reporting & Analytics

LEIRIMEE

B
. Flooding Potential p:

Opacity

B\

Powsred by Leafist

T =

[ rase o

Accessibility FOIA Privacy Policies and Notices
U.S. Department of the Interior U.S. Geological Survey
URL: http:/igeography.wr.usgs.gov fsciencefvuinerabiity/HERA htm
Paqge Last Modified: Friday. 7-Jul-2016 16:45:08 EDT ((none))
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web tools & underlying model» ==

. [
. @779 Hazard Ex '

¥ . posure Reporting and
eee® OCOF Analytics (HERA)

OUR COAST OUR FUTURE
Web tool for data visualization, Web tool for socio-economic web

synthesis, and download www.usgs.gov/apps/hera
http://outcoastourfuture.org
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Global Scale

Deep water wave
generation &
propagation

(WW3 & GCMs)

Regional Scale

wave generation,
storm surge, and

astronomic tides
(Delft3D+SWAN)

Swell propagation,

Local Scale

Nearshore waves,
wave setup and
runup, storm
surge, tides,

overland flow,

&0 fluvial discharge,
s long-term topo-

bathy change

(Delft3D+SWAN +
XBEACH)
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WW3 (ver. 3.14, TC physics pack.) winds from 4 CMIP5 GCMs for simulation of
deep water waves; historical, RCP4.5 & RCP 8.5

Bias compared to ERA-I
(all months) 1979-2005

GFDL-ESM2M

12-Jan-2045

oy
£ F

——2013 19
—— 3 31
—4—23E3 326

H_ ()

Long (deg)

Hs bias (m)
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Local Scale

Regional Scale

Delft3D & SWAN XBeach

g CST 8191: Hour 2 of 26
1

0
=10
=20

0 500 1000 1500 2000
Distance along profile (m)

Elevation (m, NAVD

Elevation (m, NAVDES)

1700 1750 1800 1850 1900 1950 2000
Distance along profile {m)

Waves, currents, WLSs, event-based

i I,
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waves currents depths morphodynamic change
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Why XBeach in model f

* Rapid compuation of event-driven
morphodynamic change

* Inclusion of infragravity (IG) wave energy

* Incident band is important to generate offshore
transport and stir sediment

* Infragravity band required to help short waves reach the
upper beach and dune, modulate strong offshore
currents, and is often main contributor for overwash

* Both types required for accurate modelling

- i | | | <2 (2 2
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Two main types of IG waves

* bound infragravity waves
generated offshore by, and
travelling with, wave groups
(generally dominant on shallow,
dissipative beaches) D i M

breakpoint generated |G waves;

created at the breakpoint of

short waves (moving breakpoint =~ = feeseecs
mechanism; more important on - :

steep beaches)

Bound infragravity

/ wave height grows

Infragravity wave height

Bound infragravity waves are released

Infragravity wave heights are large at the shore

oint

. - -~ ),‘ : =7 ;/__4 QJ ) G
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t=62s

Short wave
envelope

| 1G, wave setup,
SS, tides

z [m]

20 40 60 80 100 120 140 160

x [m]

Courtesy: Robert McCall, Deltares
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Index Ma‘p'

2. Example
application to

North-Cenftral
California




Delft3D and SWAN mode

|

-’

< -
o,

Tier 1 Legend for Tiers 1 and 2

=— hydrodynamic flow grids

# grid cells | Res. (m?)_

Tier 1 FLOW 157,112 2k to 4k

= = Wwave grids

35 ) ¢ deep water wave station
\ \an (CDIP029 observation

> Francisco buoy and global scale

S8 1 wave model output)

@ offshore ends of XBeach
profile models

Tier 2 FLOW north 560,368 9 to 688
Tier 2 FLOW south 342,019 6 to 980

Tier 2 WAVES north 96,812 76 to 611

Tier 2 WAVES south 98,127 64 to 725

3 R 2
. Tier 2 north Tier 2 south
FLOW + WAVES " FLOW + WAVES

), -

- »!'_I(‘_l(_l
A& UVUD,
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XBeach model grids

A\

933 profiles

Topo and bathy extracted
from 2m DEM

30m resolution offshore

5m resolution shoreward of
the 2.5m water depth

» Sub-areal profile sections
with slopes > 32° considered
to be immobile revetments
or cliffs

A\

YV VY

http://topotools.cr.usgs.
gov/topobathy_viewer

Elevation (m, NAVDS88)
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r(A)

% S.F. water levels; Jan 2010 <
2r < Pt. Reyes water levels; Jan 2010
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3. Findings

...sform-related
flood potentials are
non-linearly related
to SLR...




N

Total water levels, TWL = f(SLR, a7, YnTR) R)

For flood hazard analysis, the use of wave setup rather than wave runup is
often preferred since the swash lens is often thin and contains a limited
volume of seawater (e.g., Barnard et al. 2014),

ZFL = f(SLR,Nar:MnTR, TT)-
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e ITWL
> ZFL
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8 (A) Background conditions H, = 2.4m; Tp = 13s

6r e TVL £
> ZFL
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75t percentile

Box plot
median legend
25t percentile -

o P 100yr storm, 0 m SLR
7t WL —
g | & . S| mZFL
Sel & ' o -
E—S i ‘..-. ¥ e _”- 7
AR - i
-.E 4 ':.:;: ! x '!" -,{52 .

N
T

Beach & dune
Beach & cliff

medians highest at beach-fronted
infrastructure, but maximum values
are fairly consistent for all back-beach

types

Beach & infrast.

Beach & low infrast,

Bluff no beach

Sand spit
Structure no beach

events.

2. FLOW grids) ?

RN
-® beach and dune \&
" beach fronted bluff

beach fronted struc.() [ 7

beach fronted road X

or parking lot

- _sand spit ‘

_ bluff, no fronting beach
structure, no beach

e i
ide stations "
_<>w§ve/buoys .

> Golden
. il
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‘*‘\\ ]
(and high .
resolution Tier2] san _
north and south Francisco
Bay

Gate

el i\ Ocean
i
4

Beach

Qj\ Half Moon

500 520
Easting (km

540

except sand spits where
overwash occurs during storm
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TWLs and ZFLs without SLR
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8! = (ZFLy1z — SLR) — ZF Ly o, > 3is small for low
SLRs but quite
high for SLRs > 1.5m

0.5 (A)

__|—@—beach and dune
—@ beach-fronted cliff or structure

S T"BPPFFUERFEF | o senoso | | -& > particularly for
O cliff, bluff or structure with no fronting beach
beaches, dunes,
1 | 1 L 1 | 1 1 | 1 1 1 | 1 1 L | 1 | ] Ond beoch_
fronted cliffs and
structures for
which the 75

0.5

> Cliffs, bluffs and structures with no fronting

beach are less prone to this error since waves S%rgreer:gi .«
approaching these types of configurations ~60cm (linear

are likely to break close to or upon impact
with the bluff or structure leaving little
accommodation space for wave setup to
develop.

superposition would
under-estimate ZFL)

— 2 USGS

sefence fur u chonying worll
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5 (m)

0.5

-0.5

at least 2 likely
reasons
» Greater water

|~ beach and dune
N —@ - beach-fronted cliff or structure

O sand spit

— O cliff, bluff or structure with no fronting beach '
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e~ USGS

depths allow
waves to reach
close to shore
before shoaling,
refraction, and
consequent
energy dissipation.

Assumed initial
static profile
combined with
immediate SLR
results in wave
breaking and
runup along a
different sections
of the profile.
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3. Findings

... effect on flood
extents ...




100

(A) Ocean Beach ' ' ' ' r 1 1

L= 100-yr storm —— 20-yr storm —— annual storm —— no storm L

|

0
0 0.5 1 1.5 2 5
?20 1] . 1 1 I I I T 1
77| (B) Muir Beach
3 = —
©
gor /
3 |—100-yr storm —— 20-yr storm —— annual storm ——no slurm| | ) .
Zo0 . . . . . . w . . C, g { gm 1004 storm
0 05 1 15 2 5 s \ 20-yristorm
anntal storm
40 . no storm W
(C) Drakes Estero E 7
20 1 [
ol
Tl
00 05 1 15 2 5 (D) Oceah 33?91}3 (F)Drakes Estero East

Sea level rise (m)

» Flooding increases dramatically with SLR

» Including storms increases flood extents by another 4% (Muir) to 20% (Ocean Beach)
» The added contribution from storms is negligible at 5m SLR for 2 sites, a reflection of
the steeper topography further inland

=

.,J
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(e)}

W SLR only
BSLR & storm

ol

I

N

Flooded / inundated area (km?2)
[ w

o

Ocm 50 cm 100 cm 150 cm

Sea level rise
100-year storm
flood extent

SLR scenario (cm)

0
50
100

150

s . o od A2 o
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Summary and

Conclusions




Summary and conclusions . %=

« CoSMoS and associated web tools developed
with the aim of supporting federal and state
climate change guidance and vulnerability
assessments

« Aims to address all relevant conftributions to total
water levels and future flood hazards, considering
SLR - tides ° steric effects  storm surge, - waves o
river discharge - levees and seawalls - non-linear
interactions

* Each of the components that conftribute to ZFL
and TWL are computed numerically including SLR
effects on wave propagation and wave-current
Inferactions, but at a high computation cost ... is it
worth the computation coste

o~ lIore
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Summary and conclusions . %=

* Flood levels are shown to be non-linearly related
to SLR, suggesting that simple linear superposition
of static flood levels with SLR will results in under or
over-estimates of flood hazards

« Non-linearity increases with SLR, and is most
prominent for SLR>1.5m

« Non-linearity particularly evident at beaches,
dunes, and beach fronted cliffs/structures (75M
percentiles deviate by ~0.6m from simple linear
super-position)

o Cliffs, bluffs and structures with no fronting beach
less prone to the non-linear response in Z to SLR

International Workshop on Waves, Storm Surges & Coastal Hazards, Sept. 2017
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Summary and conclusions =

The non-linear response of Z to SLR, is in part due to

1. swellreaching the shore are greater compared to
the no SLR case

« deeper nearshore waters (increased SLR) allow waves to reach
closer to shore before loosing energy due to shoaling &
refraction, (~0.05 - SLR)

» changes in wave current interactions (increase swell by
another 5% for a total of ~0.10 - SLR)

2. and because raising SLR onto an assumed initial statfic
profile enables wave breaking, setup, and runup o
act along different section of the profile

largely due to waves breaking close to or upon impact with bluff
or structure leaving little accommodation space for wave setup
to develop

e e ‘-’_/ ad 2 o2
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Limitations, uncertainties & fulbre s

> assumes an unchanged initial profile... future profiles will have
evolved with SLR and in areas with infrastructure, coastal squeeze
may significantly alter the profile, increasing the potential flood
vulnerability

» Local wind-wave growth is not accounted for in these results

» potential to increase the d discrepancy (under-estimate of
linear super-position)

» seas have been computed in all other CoSMoS simulations, but
have yet to be analyzed for d
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Thank you.... Questionse

: : ' Jpa ol
= j )
seigice Loy iny world

International Workshop on Waves, Storm Surges & Coastal Hazards, Sept. 2017




