Dr. Eric Gressman U.S. Geological Survey
Roger Fuller, The Nature Conservancy.

November 28, 2012
WSU, Mt. Vernon




Outline

I. What we know about sea-level rise

II. Components of coastal flooding and inundation
III. Impact pathways

IV. Risk to infrastructure, ecosystems, communities

V. Tools to evaluate vulnerability, predict impacts




Sea Level Rise

After Shackleton, 1987
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Sea Level Rise
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Models: !
Do not account for carbon cycle feedbacks ,/

sy -

or ice-sheet melt/flow dynamics (yet) A

| Prior to 1925, <1 mm/yr
~|ast 5000 years deltas formed
(Stanley, 1994)

Global tide gauge database:
Increase in mid 1900s
Thermal expansion of sea water -’ -
- Loss of terrestrial/grounded icf;’/ :
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Sea Level Rise

‘f\ Antarctic and Greenland ice loss
; increasing and through abrupt change
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SC Sea Level Rise

.] Satellite altimetry gathers B.» |
FH l L, data across greater area, T
where tide stations are sparse |
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Beckley et al., 2007, TOPEX/Jason-1 altimetry, GRL, 34(14)
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Sea Level Rise

1 1

Observations
following maximum
model prediction
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Rate has doubled from 20th century:
1850 - 1990 = 1.0 - 2.0 mm/yr
1993 - 2007 = 3.4 mm/yr

2011 = 3.75 mm/yr

1975 1980 1985 1990 1995 2000 2005
IPCC. 2007; Church and White, 2011. Year




West Coast Anomaly

Trend (mm/yr)

— SEA: 2,47
—S8F0O: 1.91
SDO: 1.80

Lower rate due
to wind stress?

Will sea level rise
accelerate if it
relaxes?

Brominski et al. (2011)




Vertical Land Motion

Neah Bay, WA -1.63 +/-0.36 mmlyr

____Data with the average seasonal Source: NOAA
cycle removed

— [ Higher 95% confidence interval

- Linear mean sea level trend

— Lower 95% confidence interval
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Seattle, WA 2.06 +/-0.17 mmiyr

. Data with the average seasonal Source: NOAA
cycle removed

— [ Higher 95% confidence interval

- Linear mean sea level trend

— Lower 95% confidence interval
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Seattle Sea Level Trend

Since 1950 ~ 5 inches

Seattle, WA 2.06 +/-0.17 mmlyr

____ Data with the average seasonal Source: NOAA

cycle removed
— Higher 95% confidence interval
- Linear mean sea level trend
— Lower 95% confidence interval
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SOURCE _

This report, Washington
and Oregon

This report, California
This report, global

Vermeerand
Rahmstorf (2009), global

This report, Washington
and Oregon

This report, California
This report, global

Vermeer and
Rahmstorf (2009), global

This report, Washington
and Oregon

This report, California

This report, global

Vermeerand
Rahmstorf (2009), giobal
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NAS. 2012. W. Coast Sea Level Rise Assessment







Elevation, Elevation, Elevation

» Sea-Level Rise

Tides
Storm Surge




Tidal Variability
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Tide Range (m)
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NOAA/NOS/CO-0PS
Verified Water Level vs. Predicted Plot
9447130 Seattle, Puget Sound, WA
from 2011/11/21 - 2011/11/25

Observations
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Inundation Frequency

50 Inundation Due to Weather (Hours Per Year)
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Storm Surge (Barometer Effect)
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Storm Surge (Winds/Waves)

Winds/Waves

West Point Annual Max Wind (1984 — 2003)
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Sedimentation
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Dynamics

Transect 3

0 Whidbey sl Skagit Delta

" & ! Nearshore Change

2010-1890

28

-  meters
0

Elevation(m)

"' Bypassing

A Deposition
— Dike
---- 1890 mllw

400 600 800 1200

m B -

“U Volume: 60 Mm?3
<509% of Total Load

Bypassing nearshore,
lost resource for delta

5-10x the rate of the
last 1000-3000 yrs




skagit Sediment Dynamics

}

2010

Lost sediment:
- Erosion bayfront marsh
(Hood, 2012)

- 1m subsidence Fir Isl.
(Haugerud, 2006)







Overwash

Breach
Water
Salinity
Sediment
Erosion
Drainage
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Figure 13. Water levels in well 3AN/IE-19F01 and nearby tidal fluctuations near La Conner, Washington,
October 2007.

Savoca et al., 2009
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Joint Occurrence of Sea Level Rise
and River Flooding “Backwater™

Flow (cfs)
N
Tide (ft)




Joint Occurrence of Sea Level Rise
and River Flooding “Backwater™

| BasefLevel

Flow (cfs)




Joint Occurrence of Sea Level Rise
and River Flooding “Backwater™

-Sedin;i"'e-nﬁtii Transect 1 - Skagit R. Mainstem

'Fr-a ppl ng. /\ —+—USACE 1999 / /\\

j ——USGS 2012

~10-ft of sediment accumulatloli/
since 1999 near Mt. Vernon
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Lives, property
Livelihoods
Culture/Tradition
Roads, Rail

Dikes, levees

Tide Gates

Pumps

Drainage Channels

Water Intakes,
Treatment Plants




Risk —

Habitat Squeeze/Loss
Food, Recreation
Nutrient Cycling
Water Filtration
Wave/Sediment
Attenuation/Erosion

Herring Use of Eelgrass

Mean catch per set

2008 2009 2010
Rubin et al., 2011 Year

mcosystems/Functions
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Map Layers
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Map Layers
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Skagit SLR

Impacts Methods
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Frequency
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' Inundation frequency
|_at 3m elevation increases

5% by 2050

24% by 2100
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Inundation Frequency

Hours of Inundation Per Year
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Inundation will increase
' by 100s to 1000s of hours

by 2050 and 2100
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Conclusions:Take Home Messages

1. Sea level rise has happened, is happening now, and will continue to
increase the magnitude and frequency of coastal flooding.

2. The delta, where people are concentrated, faces the greatest
increase in flood risk due to the interaction of sea-level rise, storm
surge, river flooding, and sediment transport processes, all of which
are changing.

3. Sea-level rise increases the potential for flooding by reducing the
ability to efficiently evacuate river floodwater downstream of Sedro-
Woolley and by increasing the power of wind-driven coastal storms.

4. Sea-level rise will turn a 100-yr storm surge today into a 10-yx
overwash event by 2050 and into a 1-yr overwash event by 2100.

5. Sediment affects flood risk in different ways. Channel aggradation
increases flood risk by reducing flood conveyance. Estuary accretion
reduces water depths, wave energy, storm surge erosion and
overtopping of sea dikes.
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science for a changing world

Addressing coastal hazards,
ecosystem restoration, and climate
change in an integrated way may

challenges facing Skagit
communities.

Modifications to sediment

transport processes and fate are

likely to have long-standing

impacts to flood hazards and ecosystem
services that are important to people.

Need for coastal research to fill
information gaps (elevations, geology/
erodibility, nearshore hydrodynamics,
groundwater processes.

Final Thoughts

Anacortes Feb 2006







