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SEA-LEVEL RISE AND THE SAN FRANCISCO BAY 
SHORELINE

U.S. District Court – Judge William H. Alsup
March 21, 2018

Gary Griggs
Distinguished Professor of Earth & Planetary Sciences
University of California Santa Cruz
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RECENT SEA-LEVEL
RISE

Last Ice Age 
ended

Present Rate
3.3mm/yr.

(13”/100 yrs.)

Very slow rise
<1mm/yr.
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SACRAMENTO

SFO

SF

SAN JOSE

Case 3:17-cv-06011-WHA   Document 183-7   Filed 03/23/18   Page 4 of 23



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

5.5in./100 yrs.

13in./100 yrs.

(National Research Council, 2012) Future range dependent 
on greenhouse gas 

emissions.
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Cities, however, don’t adjust well to sea-level rise. 
About 150 million people today live within 3 feet of high tide. 

13 million people in USA live within 6 feet of high tide.

SAN FRANCISCO

Sea level was essentially constant 
throughout the entire history of human 
civilization, but is rising now at a rate 

that is threatening cities like San 
Francisco and Oakland that were built 

along the shoreline. OAKLAND
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NOAA TIDE GAGE FOR SAN FRANCISCO
Oldest and longest record in North America

Average rate of rise since 1897
7.7 inches/100 years
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MEASURING SEA LEVEL 
FROM SATELLITES

GLOBAL SEA-LEVEL RISE NOW 
MEASURED PRECISELY FROM 

SATELLITES

Average rate 1993-2017
13 inches/100 years, 

but rate is accelerating

1.5 mm/yr
6”/100 yrs.

3.2 mm/yr
12.6”/100 yrs.

5 mm/yr.
19.7”/100 yrs.
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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
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Antarctica 
holds 61% 
of Earth’s 

fresh water: 
6,400,000 
cubic miles 
of ice and 

~190 feet of 
potential 
sea-level 

rise.
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ANTARCTIC ICE SHEET/GLACIAL DYNAMICS
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KEY FINDINGS: 
RISING SEAS IN CALIFORNIA

• 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 absolute scientific certainty is neither 

a safe nor a prudent option.
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PROJECTIONS OF FUTURE 
SEA-LEVEL RISE FOR SAN 

FRANCISCO

MID‐POINT AND 5THAND 95TH PERCENTILES

GREENHOUSE GAS EMISSIONS 
BECOME EVEN MORE IMPORTANT 

AFTER 2050
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Oakland International 
Airport
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Importance of short-term events 
combined with sea-level rise

El Niño events ~12 inches 

7.7 inches/100 years
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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 
FRANCISC
O

7.1 8.87 1.77
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THE EMBARCADERO- KING TIDE
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Coastal Flood frequency amplification under RCP 4.5 

Coastal flood frequency amplification under RCP 8.5 

10‐year
flood

10‐year 
flood

100‐year
flood

100‐year
flood

500‐year
flood

500‐year 
flood

SITE 2050 2100 2050 2100 2050 2100

Alameda 3.0 71.5 0.3 20.2 0.04 6.0

San Francisco 6.8 115.2 0.8 51.4 0.17 19.3

SITE 2050 2100 2050 2100 2050 2100

Alameda 4.5 116.1 0.44 44.1 0.07 13.04

San Francisco 10.3 155.1 1.24 92.6 0.28 42.6
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