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Desplte recent snowstorms,
Colorado’s drought
conditions continue in
“anomalous” direction

There were only seven other weeks in the past 20 years
that have been as intensely dry as the state’s current
status

—
= ENVIRONMENT

' California’s Ancient Redwoods Face

: New Challenge From Wildfires And
Warmmg Cllmate

Another day of record-breaking heat'
in Phoenix as heatwave per5|sts

By FOX 10 Staff | Published August 15 | Updated August 19 | Weather | Associated Press
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So how does this affect our coast....

 Warming temperatures reduce ice |
sheets and glaciers

— increase ocean volume Miw
> affect vertical motion of land ===
e Shifts in atmospheric circulation

— change storm tracks, winds, and [ &
waves '

* Increasing ocean temperature and
changes in global wind patterns

— affect changes in sea surface

- many global changes
contribute to how sea level

affects us locally ‘



So how does this affect our coast....




So how big is the problem?

 Over 1 billion people are expected to
live in the coastal zone by the middle of
the 21st century

« 27 million presently live in CA coastal
counties

 Over 600,000 people in CA at risk of
flooding by the end of the century, in

addition to over ~$150 billion in
property, ~6% of CA GDP

« [Initial estimates of 30,000 residents and
$5.5 billion in property at risk in Santa
Cruz and Monterey Counties by 2100
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213t Century projections in California

State SLR Guidance for 2100 Stateon

California

-Likely range of 30-110 cm
-3.05 m upper bound

Waves
-No significant changes in wave height
-More southerly wave directions

El Nino
-More frequent extreme events
-Doubling of winter erosion
-Wave energy increase by 30%

***Net effect***

-Today’s 100-year coastal water level event is
projected to occur every 1-5 years by 2050 for
much of California AND every daily high tide by
2100 i, :

-Greatest impacts on low-lying coastalareas . = "™ .-\""*\_




Coastal Vulnerability Approaches

’Li% i - Foster City
. 'y M A 0.25 m SLR
Statl C I*. no storm

» Passive model, hydrological
connectivity

* Tides only
« ‘“1st order screening tool’

L g iy - "’. het J a0
\ Y S - |
o ’ g Pt

“‘Bathtub™ models under predict
flooding hazards

. tide difference 20m
static alevelrise SLR) . 1.0 m

= USGS




Coastal Vulnerability Approaches

Dynamic: USGS-CoSMoS

- Passive model, hydrological * All physics modeled

connectivity - Forced by Global Climate Models

* Tides only _ _
* Includes wind, waves, atmospheric

‘4 st ' ’ i
18t order screening tool pressure, shoreline change

« Range of SLR and storm scenarios

N

wave set-up & run-up 2.0 m +

~ Wave height
river discharge . 0.2 M {t\‘.’k <

dynamic
storm surge 1.0m
seasonal effects 0.3 m n
tide difference 20m S
static sea level rise (SLR) 10m %\N

" MSL (datum)
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Coastal Storm Modeling System (CoSMoS)

 Physics-based numerical modeling
system for assessing coastal hazards
due to climate change

* Predicts coastal hazards for the full
range of sea level rise (0-2, 5 m) and
storm possibilities (up to 100 yr storm)
using sophisticated global climate and
ocean modeling tools

 Developing coastal vulnerability tools
in collaboration with federal, state, and
city governments to meet their
planning and adaptation needs

a USGS



Deep water wave generation and
propagation using climate change
influenced future winds.

Downscaled winds and
atmospheric pressures

CoSMoS Framewor

Regional Scale

Swell propagation, wave generation,
storm surge, and astronomic tides.

High-resolution hydrodynamics:
nearshore waves, wave setup and
runup, storm surge, tides, overland
flow, fluvial discharge.

Long-term cliff recession and
shoreline change
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& High-resolution Delft-3D grid development
| and elevation data
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Pacific Ocean
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Shoreline change: CoSMoS-COAST

* A (hybrid) numerical model to simulate long-term shoreline evolution

MmmmwmmWM

 Modeled processes include:
- Longshore and Cross-shore transport

- Effects of sea-level rise
- Sediment supply by natural & anthropogenlc sources

Yo

wave
5 height [m]
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Vitousek, S., Barnard, P.L., Limber, P., Erikson, L.H. and Cole, B., 2017. A model
integrating longshore and cross-shore processes for predicting long-term
shoreline response to climate change. Journal of Geophysical Research-Earth
Surface, http://dx.doi.org/10.1002/2016JF004065




Ensemble of 5 different
® models to relate
- Wave impacts
- SLR
B - Historical cliff behavior

STRENGTH

CLIFF TOE
HEIGHT -
WAVE
ENERGY

COASTAL SLOPE

SEA CLIFFL
RETREAT

WAVE ENERGY
MOVES LANDWARD

SEA LEVELRISE %

Limber, P. W., Barnard, P. L., Vitousek, S., & Erikson, L. H. (2018). A model ensemble for projecting

;4 USGS multidecadal coastal cliff retreat during the 21st century. Journal of Geophysical Research: Earth
— .
[ = Surface, 123, 1566— 1589. https://doi.org/10.1029/2017)JF004401




Carmel

CoSMosS flood projection for
SLR, 100-year storm
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Carmel

CoSMosS flood projection for
SLR, 100-year storm
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Carmel

CoSMoS flood projection for
2.0 m SLR,
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Web tool - Flooding

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

Mo Data

0cm

3) Choose an Event

Storm Scenario Frequency

ing Tide Scenario

4} Choose Shoreline Evolution
(Southern California only)
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Web tool — Flood potential

HOME GETSTARTED FLOODMAP CASESTUDIES ABOUTUS & HELP

AT el CTRT LR AN W |

Pan ¥ Dra:;;]
§ £ et

Report ,
RIS b 2 ) g Minimum Inundation 100cm SLR
L P+ wave 100

»
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Interactive = 1
Map navigate |

1) Choose a topic.

OCOF

Maximum Inundation 100cm SLR
+ Wave 100
Flood Potential shows the

Food Potentia

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

SF Bay King Tide Scenario

Our Coast, Our Future tool: www.ourcoastourfuture.org
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Cliff retreat + Shoreline Position

HOME @ GET STARTED FLOOD MAP CASE STUDIES EVENTS ABOUTUS HELP

oding 5 .
i = |pacific grove
2) Choose an Amount of Sea h 0y : ot

King Get Print
.
: 2 it Cliff Retreat - SLR200 - No Hold
L 22 : N The Line
Level Rise {cm). S e T i

Max Wave Runu
200cm SLR + Wi

Flood Hazard 200cm SLR + Wave
000

ood Depth 200cm SLR + Wave
000

No Data

0cm

4) Choose Shoreline Change
(Southern California only)

250 cm

|| 500 cm

A ~H T RPN e A N
= . 100m rf o o P e P o - 1%
Detail View %] 200§ v iy : 'dr’ ¥, '_[..‘ S gr’i *\ P i
Ty B SRS i WA N ] s a9

« CIiff: 2 coastal management scenarios

— No erosion beyond existing structures (‘hold the line’), or not

« Shoreline: 4 coastal management scenarios

— No erosion beyond urban infrastructure (‘hold the line’), or not
— Incorporate historical rates of change in future projections (e.g. nourishment), or not




Coastal Climate Impacts by 2100

WOME  GET STARTED FABDOMAR | CASE STUOIES
E——y

California’s Fourth
Climate Change

Assessment

iusGs Hazard Exposure Reportin

o rinlivacGssnbtnaine lllnnl] ics (HEEM

California

600,000+ residents
« $150 billion in property
4,700 km of roads

« 350 critical facilities
(e.g., schools, police
stations, hospitals)

Hazards Exposure Reporting and Analytics (HERA)
WwWw.usgs.gov/apps/hera




Common Retreat!
SLR mitigation
strategies:

What about groundwater?

Restore+




Coastal Groundwater response to SLR

 Major issues

Groundwater

— Emergence/lnundation Mawe inundation _ _,

— Shallower coastal S
groundwater

— Saltwater intrusion, major Freshwater

Saltwater

hazard for agriculture

3 ft of sea
level rise

— Inundation may exceed
overland flooding and
happen much sooner

— May impact infrastructure
with no warning

— Low-lying areas most
vulnerable

Befus, K.M., Barnard, P.L., Hoover, D.J., Finzi Hart, J.A. and Voss, C.I., 2020. Increasing threat of coastal groundwater
hazards from sea-level rise in California. Nature Climate Change, 16 pp., https://doi.org/10.1038/s41558-020-0874-1




Groundwater - Carmel

1 Kilometers
3 Groundwater Depth (m)

SLR: Om

Inundated (marine)

Emergent

Very Shallow (0 - 1m)

carmel- ‘¢ 7 | Shallow (1 - 2m)

by-the- P c = o
Sea N4 A 2-5m

>5m

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, MET],
Esri China (Hong Kong), Esri Korea, Esri (Thailand), Mapmylndia, NGCC, © OpenStreetMap
contributors, and the GIS User Community S




Groundwater - Carmel

1Kilometers

3 Groundwater Depth (m)
SLR: 1m

Inundated (marine)

Emergent

Very Shallow (0 - 1m)

carmel- ‘¢ 7 | Shallow (1 - 2m)

by-the- P c = o
Sea N4 A 2-5m

>5m

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, MET],
Esri China (Hong Kong), Esri Korea, Esri (Thailand), Mapmylndia, NGCC, © OpenStreetMap
contributors, and the GIS User Community S




Groundwater - Carmel

] Kilometer\s
3 Groundwater Depth (m)

SLR: 2m

Inundated (marine)

Emergent

Very Shallow (0 - 1m)

carmel- ¢ 7 Shallow (1 - 2m)

by-the- > 2
Sea N - 2-5m

>5m

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, MET],
Esri China (Hong Kong), Esri Korea, Esri (Thailand), Mapmylndia, NGCC, © OpenStreetMap
contributors, and the GIS User Community S




Groundwater - Carmel

1 Kilometers !
3 Groundwater Depth (m)

SLR: 3m

Inundated (marine)

Emergent

Very Shallow (0 - 1m)

AR SR Shallow (1 - 2m)

by -the- » =
Sea ; Ocean AVE - A 2'5m

>5m

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI,
Esri'China (Hong Kong), Esri Korea, Esri (Thailand), Mapmylndia, NGCC, ® OpenStreetMap
contributors, and the GIS User Community 5




hange
" -

* Considers the future evolution ombased on the late

 Uses state-of-the-art projections of (dy“downscaled) win
and seas , - .
' i
« Extensively tested, calibrated, and validated with local, historic data on waves, water levels and
coastal change

* Flood projections are based on dynamic wa
during a storm scenario

set-up,

-
i.e., any area @t i;\y.rﬂlmtes

* Flooding is . Q the amic interaction of the evolving profile and ocean conditions
- dMé’stﬂm event, including dune erosion and overtopping, and also the preceding long-term
evolution of the coast

* Coastal change projections are based on a series of strenuously tested, peer-reviewed models, and
calibrated by the local behavior of the coast

* Predicts the horizontal and vertical evolution of the entire beach profile through time

= USGS




Central Coast CoSMoS

* Coastal change and flooding projections complete (Monterey online soon)
* Flooding projections available with Our Coast, Our Future and HERA web tools
* Groundwater projections for all coastal CA available online

USGS CoSMoS website: https://walrus.wr.usgs.gov/coastal_processes/cosmos/index.html
Our Coast, Our Future tool: www.ourcoastourfuture.org

HERA Tool: www.usgs.gov/apps/hera

*For more information on CoSMoS, contact Patrick Barnard: pbarnard@usgs.gov

or contact Dan Hoover for groundwater projections: dhoover@usgs.gov
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