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Present-day



Temperature Change

NASA Goddard Institute for Space Studies
https://climate.nasa.gov/climate_resources/139/graphic-global-warming-from-1880-to-2017/



THE EARTH IS WARMING!



Climate Factoids

The rate of 

temperature increase 

in last two decades is 

70 times faster than 

anytime in the last 

20,000 years



Climate Factoids

Based on the 

cyclical pattern of 

earth's orbit 

around the sun we 

should be 

experiencing 

global cooling 

right now



Climate Factoids

Solar activity has 

not increased in 65 

years, yet 2015, 

2016 and 2017 

hottest on record



1824- Fourier argues for the existence of the greenhouse effect

1896- Arrhenius publishes idea that adding carbon dioxide to the 
atmosphere could raise the Earth’s temperature

1965- “This generation has altered the composition of the atmosphere on a 
global scale through radioactive materials and a steady increase in carbon 
dioxide from the burning of fossil fuels.”

- President Lyndon B. Johnson, Special Message to Congress

2004- “Global warming is the greatest hoax ever perpetrated on the 
American people”

-Senator James Inhofe

A Brief History of Climate Science



“…science is not about opinion, it is about 
evidence.” 

-Merchants of Doubt



Sea Level Rise 101

•Other factors
•Ocean basin configuration (geologic time scales)- sea level was up to 400 m higher 
•Variability of the earth’s orbit (10’s of thousands of years)
•Wind patterns (decades)
•Tidal (hours to decades)
•Storms (hours to days)

* 70 m of SLR stored in ice sheets of Antarctica, 7 m in Greenland 



• Global temperature expected to hit 

1.5°C by ~2030

• 125,000 years ago global temperature 

was ~2o warmer but sea level was 8 m 

higher

• 14,000 years ago sea level rose 20 m 

in 4 centuries (Meltwater Pulse 1A)

• Global temperature increases are 

linked to sea level rise

Climate Change and Sea Level Rise

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

Henley and King, 2017

Rahmstorf, 2007



Recent Sea Level Rise

NOAA, 2012

Global SLR 
is accelerating

Hansen et al., 2016

SLR is not 
spatially uniform 



Recent Sea Level Rise

Hamlington et al. (2016)

1993-2011

2011-2015



21st Century Projections for the Central Coast

SLR Guidance for 2100 (Port San Luis)
-Likely range of 21-94 cm (~1-3 feet)
-3.02 m upper bound (~10 feet)

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

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

***Net effect***
SLR will likely cause ‘once-in-a-lifetime’ coastal flooding 
events to occur nearly every day before 2100.



• Areas with limited water-level 
variability, will experience the 
largest increases in flooding 
frequency

Frequency of Coastal Flooding

Vitousek et al., 2017

NOAA, 2017

SLR

SLR



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

• Risings seas could result in 2 billion refugees by 2100

• 27 million people presently live in CA coastal counties 

• In CA by 2100, over 3 million people and over ~$1 
trillion dollars (~6% of CA GDP) at risk

• Hazards assessments are limited to 
impacts of SLR alone, and do not include 
waves, storms, coastal change or 
groundwater impacts



Coastal Vulnerability Approaches

Static

• Passive model, hydrological 

connectivity

• Tides only

• ‘1st order screening tool’

sea level rise (SLR)

tide difference

1.0 m

2.0 m

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 model, hydrological 

connectivity

• 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

1.0 m

2.0 m

0.3 m

1.0 m

0.2 m

2.0 m +

MSL (datum)

static

dynamic

VLM

Dynamic: USGS-CoSMoS

• All physics modeled

• Forced by Global Climate Models

• Includes wind, waves, atmospheric 

pressure, shoreline change

• Range of SLR and storm scenarios



• Physics-based numerical modeling 

system for assessing coastal hazards 

due to climate change

• Predicts coastal hazards for the full 

range of sea level rise (0-5 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

Coastal Storm Modeling System (CoSMoS)



CoSMoS Framework

***USGS CoSMoS for Central Coast 

to be completed in 2019



Moss Landing
Digital Elevation Model (2 m)

0 m

<-20 m

20 m



Monterey
High-resolution Delft-3D grid development



Pacific Ocean 
waves

Storm surge

Sea level anomalies 
(derived from GCM sea-
surface temperature 
anomalies) 

Astronomic 
spring tide 

Fluvial discharges

SLR = 

0 to 2 m at 0.25 m 

increments, and 5 m

Back-

ground

1-year 

storm

100-

year 

storm

20-year 

storm

= 40 scenarios



Web Tool - Flooding

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



Web Tool - Flooding

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



Web Tool - Waves and Currents

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



Future Shoreline Change
• Rising sea level will drive shorelines 

further inland, increasing physical and 
economic impacts

• Reduced sediment supply from dams, 
dredging, aggregate mining, etc., likely 
to further exacerbate the problem

Capitola Beach, January 10, 2017

Goleta County Beach, February 24, 2017

Goleta County Beach, March 9, 2016



Coastal Squeeze



Shoreline Projections



Shoreline Projections

Many beaches will narrow considerably (avg. erosion = 25 m by 2100) and as many as 75% 
could be completely lost over the next century as the beaches are squeezed between the 
rising seas and backing cliffs or urban infrastructure.

2050



Factors Driving Sea Cliff Erosion & Retreat 



Cliff Retreat Projections



Cliff Retreat Projections

1 m of SLR0.5 m of SLR



Cliff Retreat Projections

SLR of 1 m could increase retreat rates by ~60% over historical rates.



Societal Implications

• 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)

www.usgs.gov/apps/hera

=

California

2 m SLR + 

100 year storm



Coastal Groundwater Response to SLR

groundwater 

inundation?

tidal flooding

• Major issues

– Emergence/Inundation

– Shallower coastal

groundwater

– Saltwater intrusion, major 

hazard for agriculture

1 ft of sea 
level rise

***USGS groundwater hazard assessment to be completed in 2019

NOAA



Pismo Beach Groundwater



Retreat!

Elevate

Block

Restore+

SLR Mitigation

What about groundwater?

Will these strategies work inland?



Supports State-led Incentives and 
Directives



Caltrans Regional Vulnerability Assessments

• Manages the state highway system and 
involved with public transit across the state 
(annual budget = $13.9 billion)

• Using CoSMoS for regional vulnerability 
assessments

– Provides consistency among internal plans...

– …and to other state level planning processes (e.g. 
Coastal Commission and LCP process)



Front Page LA Times, 
March 13, 2019

https://www.latimes.com/local/lanow/la-me-
california-coast-storm-damage-20190313-
story.html



Questions for the 21st Century

• What will the 21st century SLR curve actually look like?
– Emissions currently tracking along worst case projections (i.e. RCP 8.5)

• How will storm patterns change (esp. El Niño)? 
– More frequent extreme events

• How will the shoreline evolve?
– ~50% of open coast beaches may completely erode

• How will coastal management decisions  affect the 
dynamics of flooding and coastal change?

• Can we effectively communicate the science?



Mobile Owl: http://mobileowl.co/samo/ 

Seeing the Future- Santa Monica Owl



Seeing the Future- Immersive



QUESTIONS?

USGS CoSMoS website: www.usgs.gov/cosmos

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

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

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

or Juliette Finzi Hart: jfinzihart@usgs.gov


