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III.  Impact pathways 
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IPCC. 2007 

Models: 
Do not account for carbon cycle feedbacks 
or ice-sheet melt/flow dynamics (yet) 

Global tide gauge database: 
 Increase in mid 1900s 
    Thermal expansion of sea water 
  - Loss of terrestrial/grounded ice 

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



Rignot et al. (2008); NASA  http://www.nasa.gov/topics/earth/features/antarctica 

Antarctic and Greenland ice loss 
increasing and through abrupt change 



Satellite altimetry gathers 
data across greater area, 
where tide stations are sparse 

Beckley et al., 2007, TOPEX/Jason-1 altimetry, GRL, 34(14) 



Observations 
following maximum 

model prediction 

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 

IPCC. 2007; Church and White, 2011. 



Lower rate due 
to wind stress? 
 
Will sea level rise 
accelerate if it 
relaxes? 

Brominski et al. (2011) 



Southeast 

East 

Verdonk (2006);Holdahl et al. (1989) 

-1.63±0.36 mm/yr 

2.06±0.17 mm/yr 

Pt. Townsend 

Uplift Subsidence 



Since 1950 ~ 5 inches 



NAS. 2012. W. Coast Sea Level Rise Assessment   



Components of Coastal 
Flooding and Inundation   



Sediment 
Vegetation Sea-Level Rise 

Subsidence 

Tides 
Storm Surge 

River Flooding 





Observations 

Predictions Weather Anomalies 



Storm Surge Today 

Grossman and Horne (in prep) 



El Nino 

Finlayson (2006) 

During El Nino Conditions, anomalies may last weeks to months 



Winds/Waves 



Curran and Grossman (2011); Czuba et al. (2011); Grossman et al. (2011) 



Grossman et al. (2011); Grossman et al. (in Review) 

Volume: 60 Mm3 

<50% of Total Load 
Bypassing nearshore, 
  lost resource for delta 
5-10x the rate of the 
  last 1000-3000 yrs 



  After Collins 2000 

  1850   2010 Lost sediment: 
- Erosion bayfront marsh 
  (Hood, 2012)  

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



 
Impact Pathways   



12” SLR, turns a 100-yr storm surge today into a 10-yr event by 2050 
24” SLR, turns a 100-yr storm surge today into a 1-yr event by 2100 



August 2007 

Savoca et al., 2009 

Tidal Pumping 



Inundation, 
acres  
42,266 

FEMA Historical 
100-yr Flood 

Mt. Vernon Depth, 
ft 0.00 

Burlington Depth, ft 

0.77 

Storm Surge, ft 

1.5 

Hamman et al. (2012) 



Inundation, 
acres  
64,878 
(1.53x) 

 

2020 100-yr 
Flood 

Mt. Vernon Depth, 
ft 0.00 

Burlington Depth, ft 

1.89 

Storm Surge, ft 

1.5 

Hamman et al. (2012) 

Sea Level Rise, ft 

0.93 



Shallow-Water System 
RTK-GPS Positioning 

3 vessels 

~10-ft of sediment accumulation 
since 1999 near Mt. Vernon 



 
Risk to infrastructure, 

ecosystems and communities   



1964 Low  
Marsh 
Boundary 

Low Marsh 
Boundary 
1964 
2004 



Disturbed 

Undisturbed 

Disturbed 
Rubin et al., 2011 



 
Tools for managers 



Sea-Level Rise 
River Flooding 
Storm Surge 
Waves 
Sedimentation 

Habitat	  



Inundation frequency 
at 3m elevation increases 
5% by 2050 
24% by 2100 



Inundation will increase 
by 100s to 1000s of hours 
by 2050 and 2100 



Vulnerability Assessment 

2006 LiDAR 

2012 RTK-GPS 





Freshwater and Sediment Inputs Final Thoughts 

Addressing coastal hazards, 
ecosystem restoration, and climate 
change in an integrated way may 
help find solutions for the complex 
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. 
 




