
CLIMATE CHANGE, SEA-LEVEL RISE AND 
CALIFORNIA’S SHORELINE 



Three Orbital Cycles & Periods

1. Shape of orbit-100,000 years
2. Tilt of axis of rotation ~41,000 years

3. Wobble of Earth’s axis- ~26,000 years

Variations  in the Earth’s orbit 
around the Sun play a major 

role in causing climate 
changes, Ice Ages and sea 

level fluctuations. 



Temporal Differences in 
Sea Level 

SHORT-TERM:HIGH RATE OF CHANGE
• Astronomical  Tides: 5-10 feet over hours; King tides: up to 2 feet
• Storm Surges: up to 3 feet over hours
• El Niño: 1-2 feet over months
• Wave run-up and wave set-up: 4-5 feet over minutes

LONG-TERM:LOW RATE OF CHANGE
• Ice melt and thermal expansion of ocean: hundreds of feet over 

thousands of years, but  only mm/year



Geographic Differences in 
Sea Level

GLOBAL OR ABSOLUTE SEA LEVEL 
•  Driven primarily by global temperature which affects:

- Volume of ice sheets and glaciers
- Ocean temperature, and therefore sea water density and 
volume

REGIONAL OR RELATIVE SEA LEVEL
• Tectonics- affects coastal uplift or subsidence
• Land subsidence from fluid withdrawal (petroleum or water)  
• Atmosphere-ocean circulation patterns in the Pacific (e.g., El Niño) 

and storm surge affect ocean levels over days to months
• Gravitational effects 



Components of Global and Regional 
Sea-Level Rise

~ 66%

~33%

(NRC, 2012)



As Earth has cooled and warmed, glaciers and ice caps have 
advanced and retreated, and sea level has risen and fallen.

At the peak of the last Ice Age, about 3% of the ocean’s water, 10 
million mi3 removed from the ocean and converted to ice and snow. 

Sea level dropped about 125 m (400 feet) below the present.



Sea Level

End of last 

Ice Age ended

Present Rate
3.3mm/yr

(13”/100 yrs)

Rapid Rise
11mm/yr

45”/100 yrs

Very slow rise/
Little change

<1mm/yr

Very rapid rise
>20mm/yr

6.5 ft/100 yrs
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7.6 in./100 years

NOAA TIDE GAUGE FOR SAN FRANCISCO
Oldest in North America



MEASURING SEA LEVEL 
FROM SATELLITES

GLOBAL SEA-LEVEL RISE NOW MEASURED 
PRECISELY FROM SATELLITES

3.34 mm/year

Future Uncertainty



Greenland ~24 feet of SLR

Mountain Glaciers ~1.5 feet of SLR 

Approximately 216 
feet of sea-level rise 

contained in ice.  

Antarctica ~190 feet of SLR Greenland ~24 feet of SLR



SAN FRANCISCO: 1.9 mm/yr. (7.6”/100 years)

California Recent Sea-Level Rise
Importance of short-term events

EL NIÑO EVENTS ~12 inches



Jan. 27, 1983 El Niño High Tides

STATION PREDICTED TIDE
(FT. MLLW)

RECORDED TIDE 
(FT. MLLW)

DIFFERENCE (FEET)

SAN DIEGO 7.40 8.35 0.95

LOS
ANGELES

6.9 7.96 1.06

SAN 
FRANCISCO

7.1 8.87 1.77



El Niño 1997-98-Elevated Water Levels

REDWOOD CITY
2 ft. above predicted



NEWPORT BAY

Sequoia Yacht Club – Redwood City
December 31,2103

Mill Valley Off Ramp, Highway 101
December 12, 2012 



THE EMBARCADERO, SAN FRANCISCO



Sea-Level Rise for the Coast of California: 
Past, Present, and Future

2012



Global sea-level rise was measured from tide gauges 
historically and satellites since 1993. 

1.7 mm/yr
3.34 mm/yr

UNCERTAINTY
NRC, 2012)





Antarctica 
holds 61% 
of Earth’s 

fresh water: 
6,400,000 
cubic miles 

of ice.





KEY FINDINGS - 2017

• Scientific understanding of sea-level rise advancing at 
rapid pace.

• Direction of sea-level rise is clear
• Rate of ice loss from Greenland and Antarctic Ice Sheets 

is increasing
• New evidence has highlighted the potential for extreme 

sea-level rise
• Probabilities of specific sea-level increases can inform 

decisions
• Current policy decisions are shaping our coastal future
• Waiting for scientific certainty is neither a safe nor a 

prudent option



ANTARCTIC ICE SHEET/GLACIAL DYNAMICS



ANTARCTIC ICE SHEET/CLIFF INSTABILITY



PROJECTIONS OF FUTURE 
SEA-LEVEL RISE FOR SAN FRANCISCO

MID-POINT AND 5TH AND 95TH PERCENTILES

GREENHOUSE GAS EMISSIONS
MORE IMPORTANT AFTER 2050



FUTURE SEA-LEVEL RISE PROJECTIONS

0.5

1.0

3.0

NRC



SAN FRANCISCO 

PROBABILITIES OF 
PARTICULAR HEIGHT 

(IN FEET) BEING 
REACHED OR 
EXCEEDED BY 
SPECIFIC YEAR



Uncertainty

“There are the known knowns, there 
are the known unknowns, and there 

are the unknown unknowns”.

• Future greenhouse 
gas emission scenarios
• Model uncertainty
• Natural variations in 
Earth’s climate

1. Rate of melting of 
Greenland ice cap
2. Acceleration of flow rate 
of Antarctic glaciers into 
ocean
3. Release of carbon from 
thawing of permafrost  



COMPARISONS OF CALIFORNIA AND NATIONAL 
SEA-LEVEL RISE PROJECTIONS FOR 2100







Three Orbital Cycles & Periods

1. Shape of orbit-100,000 years
2. Tilt of axis of rotation ~41,000 years

3. Wobble of Earth’s axis- ~26,000 years

Variations in the Earth’s orbit 
around the Sun play a major 

role in causing climate 
changes, ice ages and sea 

level fluctuations. 



Climate changes have been recorded in:

• Deep-sea sediment cores   
• Ice cores from Greenland 

and Antarctica
• Tree rings 
• Deep-sea corals  

65,000,000 years

850,000 years5,000 years2,000-5,000 years



Ice cores from Antarctica extend down 11,500 feet, extend back 850,000 years, 
and contain a continuous record of atmospheric carbon dioxide content.   

406 ppm 2017




