Sea-Level Rise as a Climate Change Indicator
Now, Certain and Everywhere
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Temporal Differences in Sea Level Change

LONG-TERM:LOW RATE OF CHANGE

* Ice melt and thermal expansion of ocean: mm/year but
hundreds of feet over thousands of years

« Plate tectonics and changing volume of ocean basins:
hundreds of feet over millions of years

SHORT-TERM:HIGH RATE OF CHANGE (California)
e Tsunamis: up to 20 feet or more over minutes

e Storm Surges: up to 3 feet over hours

* El Nino: 1-2 feet over months

« Tides: 8-12 feet over hours, including King Tides



Short-Term Impacts of High Tides and Large Storm
Waves Mission Beach, San Diego- 1988
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El Nino 1997-98-Elevated Water Levels
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Seacliff State Beach- Santa Cruz County






King Tide - Mill Valley, Marin County - December 12, 2012
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Sea level is rising and the bathtub is
slowly overflowing, but....




The extreme events
are going to be of
greater concern in

the near term,
however.




IMPACTS OF SHORT (AND LONG) TERM
SEA-LEVEL RISE
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Sea-Level Rise for the Coast of
California: Past, Present, and Future

Sea-Level Rise for the Coasts of
Galifornia, Oregon, and Washington

PAST, PRESENT, AND FUTURE
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Ocean-atmosphere
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Ocean circulation
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Glacial isostatic Uplift and
adjustment subsidence

Sea-level rise at a particular place can be higher or
lower than the global mean due to regional effects



The rate of global sea-level rise was measured from

tide gages historically and satellites since 1993.
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Uncertainty

“There are the known knowns, there are the known
unknowns, and there are the unknown unknowns”.
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Which of these future projections
should we be using?

What Is the sea-level rise rate from closest tide gauge”?

What Is the cost or value of the proposed project
or infrastructure?

What is the lifespan of the proposed project or
Infrastructure:

What is the impact of damage to or loss of facility or
Infrastructure?



San Francisco International Airport and Oracle

with a 16-inch rise in sea level.
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What are the best indicators of future risks
from sea-level rise?

LONG-TERM: Sea-level rise trends from NOAA tide gauges
combined with most recent future projections

SHORT-TERM:

* Episodic events (ENSQO) from historic tide gauge records,
or from local surveys if no nearby tide gauge.

* Documentation of frequency and extent of flooding
(nuisance flooding) from King Tides (tide gauges and local
surveys or measurements)

Both long and short-term risks are closely tied to
elevations and topography of shoreline areas, and to
type and intensity of development.
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Golden Gate Annual Average and 19-Year Mean Tide Levels
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Sea-level rise from

NOAA tide gauges

at the Golden Gate
and La Jolla
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A nearly 20 year hiatus in sea-level rise along
the west coast...
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Meters

9414290 San Francisco, California 1.89 +/- 0.19 mm/yr
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Ficure 7 Tidal Flooding Today, in 2030, and in 2045
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Nuisance Flooding at High Tide




SEA-LEVEL RISEVULNERABILITY ASSESSMENT FOR
CITY OF SANTA BARBARA

PRESENT HIGHWATER —— HIGHWATER + 24" SLR (2050) + 1200 YEAR FLOOD
HIGH WATER + 66” SLR (2100) + 200 YEAR FLOOD
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We need to inventory those coastal areas that are
subject to short and long-term sea-level rise, assess
vulnerabilities and risks, and develop responses.
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