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Temperature Observations

NASA Goddard Institute for Space Studies

https://climate.nasa.gov/climate_resources/139/graphic-global-warming-from-1880-to-2017/



Sea Level Rise 101

* 230 ft (70 m) of SLR stored in ice sheets of Antarctica, 23 ft (7 m) in Greenland 



• Global temperature projected

to hit 1.5°C by ~2030

• 125,000 years ago global 

temperature was ~2oC 

warmer but sea level was 26 

ft (8 m) higher (Kopp et al., 2009)

• 14,000 years ago sea level 

rose 16 ft (5 m)/century for 4 

centuries

• Median SLR projection of 3 ft 

by 2100 (10 ft max)

Climate Change and Sea Level Rise

Henley and King, 2017

Fleming et al. (1998), Fleming (2000), Milne et al. (2005)



Newport Beach, CA, August 31, 2011 (L.A. Times) 

Newport Beach, CA, August 31, 2011 (Patch.com) 



San Francisco, CA (http://california.kingtides.net/)



Newport Beach, CA, Winter 1983



Huntington Beach Pier, CA, January 1983 

(H. Lorren Au Jr., Orange County Register)



Capitola, CA, January 2008



Capitola, CA, March 2014 (Sabine Dukes)



Santa Cruz, CA, January 2017 (Nick Moless)



Santa Cruz, CA, December 1, 2019



South SF Bay, CA (ESA)South SF Bay, CA (Mark Taylor)



Puget Sound, WA, December 17, 2012 (C. Mass) 



How Big is the Problem?

• Climate change, including sea level rise, 

changing wave climates, and storms will place 

additional stresses on coastal systems 

worldwide

• Over 1 billion people are expected to live in the 

coastal zone by 2050 (Merkens et al. 2016)

• Along the U.S. West Coast

– 32 million people presently live in coastal 

counties

– 0.5 to 1.4 million people will be exposed to 

daily flooding by 2100

– When considering storms and coastal 

change, ~3 times more people would be at 

risk

– Annual property risk could range from $50-

180 billion by 2100

Malé, Maldives

Foster City, CA



Coastal Vulnerability Approaches

Static

• Passive models

• Tides only

• ‘1st order screening tool’

sea level rise (SLR)

tide difference

3 ft

6.5 ft

MSL (datum)

static

“Bathtub” models under predict 

flooding hazards

Foster City

0.25 m SLR

no storm vs. 100 year storm



Coastal Vulnerability Approaches

Static

• Passive models

• Tides only

• ‘1st order screening tool’

Wave height

sea level rise (SLR)

tide difference

seasonal effects

storm surge

river discharge

wave set-up & run-up

3 ft

6.5 ft

1 ft

3 ft

1 ft

6.5 ft +

MSL (datum)

static

dynamic

VLM

Dynamic: USGS Coastal Storm Moeling

System (CoSMoS)

• All physics modeled

• Uses latest Global Climate Models

• Includes wind, waves, atmospheric 

pressure, shoreline change

• 40 SLR and storm scenarios



Newport Beach, CA (www.californiacoastline.org/)

200,000-600,000 people in CA could 

be exposed to flooding by the end of 

the century, in addition to $40-150 

billion in property (2-6% of GDP)…

-500,000 employees

-177 schools

-87 fire and police stations

-126 medical facilities

How vulnerable are we?



Our Coast, Our Future tool: www.ourcoastourfuture.org

CoSMoS Flooding Projections



San Onofre Nuclear Generating Station (www.californiacoastline.org/)

…but also key components of 

our energy infrastructure…



Our Coast, Our Future tool: www.ourcoastourfuture.org

CoSMoS Flooding Projections



…and dozens of water 

treatment facilities…

Hyperion Wastewater Treatment Plant (Doc Searls)



…3 major international 

airports…

San Francisco International Airport, 2019 (San Francisco Examiner)



Our Coast, Our Future tool: www.ourcoastourfuture.org

CoSMoS Flooding Projections



…1000’s of miles of roads…

Puget Sound, WA, January 2017

Mill Valley, CA

Santa Cruz, CA, January 2017



Port of Seattle (Flickr Creative Commons)

…2 of the 3 largest ports 

in the country…



Ports of L.A. and Long beach (World Port Source)

…2 of the 3 largest ports 

in the country…



…numerous DoD facilities…

Naval Amphibious Base Coronado, CA (www.californiacoastline.org/)

Point Mugu Naval Air Station, CA (www.californiacoastline.org/)

Naval Base Kitsap, WA



…large expanses of tech 

sector…



• Rising sea levels will drive 

shorelines further inland, 

increasing physical and 

economic impacts

Goleta County Beach, CA, March 9, 2016

Capitola Beach, CA, January 10, 2017

• In southern California, 33-

67% of beaches could be lost

Santa Cruz, CA, December 1, 2019



J. Dugan, UC Santa Barbara

> 70% loss of 

upper beach 

habitats by 2050 

+ loss of wetland 

habitats 
-Myers et al., 2019

J. Dugan, UC Santa Barbara

J. Dugan, UC Santa Barbara

J. Dugan, UC Santa Barbara

Western Snowy Plover (N. Bowdish)



Isla Vista, CA

Cliff retreat rates could 

double

Pacifica, CA



CoSMoS Cliff Retreat Projections



Miami, FL



Coastal Groundwater Response to SLR

• Major issues

– Emergence/Inundation

– Shallower coastal

groundwater

– Saltwater intrusion, major 

hazard for agriculture

***USGS groundwater hazard assessment to be completed in 2020



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

CoSMoS website: www.usgs.gov/cosmos 

Visualization tool: www.ourcoastourfuture.org

Socioeconomic exposure tool: www.usgs.gov/apps/hera

Future Work

• Building out coastal hazards approach for the Pacific 

Northwest and SE Atlantic (incl. groundwater)

• USGS coastal hazards science will continue to inform 

climate policy and adaptation solutions

*Projections show vulnerabilities with existing infrastructure





Who uses CoSMoS?

County

• Sonoma County

• Marin County

• San Mateo County

• Santa Clara County

• Santa Barbara County

• Los Angeles County

• Office of Emergency 

Management

• Department of Beaches 

and Harbors

• San Diego County

State

• California Coastal Commission 

• California Coastal Conservancy 

• California Department of Emergency 

Services (CalOES)

• California Department of Fish & 

Wildlife

• California Department of 

Transportation (Caltrans)

• California Energy Commission 

• California Natural Resources Agency

• California Ocean Protection Council

Federal

• National Park Service

• NOAA Gulf of Farallones National 

Marine Sanctuary

• NOAA Office for Coastal 

Management

• National Estuarine Research 

Reserve (NOAA)



City
• City of San Francisco 

• City of Pacifica

• City of San Jose

• City of Santa Cruz

• City of Santa Barbara

• City of Los Angeles

• City of Santa Monica

• City of Hermosa Beach

• City of Long Beach

• City of Huntington Beach

• City of Imperial Beach

• City of Oceanside

• City of Encinitas

• City of Carlsbad

• City of San Diego

• City of Imperial Beach

Regional Scale
• AdaptLA: Coastal Impacts Planning 

for the LA Region

• California Climate Science Alliance

• Coastal Ecosystem Vulnerability 

Assessment (CEVA, Santa Barbara)

• LA Regional Collaborative on Climate 

Action and Sustainability (LARC)

• Regional Water Quality Control Board 

for LA and Ventura Counties

• San Diego Regional Climate 

Collaborative

• Southern California Coastal Water 

Research Project (SCCWRP)

• Wetlands Recovery Projects (San 

Diego - Orange County region & LA -

Ventura - Santa Barbara region)

Who uses CoSMoS?

39
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