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In	  the	  Northwest,	  we	  expect	  flood	  risk	  to	  
be	  par6cularly	  sensi6ve	  to	  climate	  
change.	  	  

Why?	  

1.  	  	  Sea	  Level	  Rise: 	   	  Coastal	  floodplains	  

2.  	  	  Storms:	   	   	   	   	   	  Heavier	  rain	  events	  

3.  	  	  Snow:	  	   	   	   	   	   	  Rising	  snowlines	  



What’s	  missing:	  

e.g.:	  Skagit	  River:	  
HISTORICAL 100-YEAR FLOOD 

ALL LEVEES INTACT 

Inputs: 
• Hydrograph:  Historical 100yr 
• Sea Level Rise:  0.00 feet 

 
 
 
 
 
 

 
Area Flooded:    42,266 acres 

2080S 100-YEAR FLOOD 
ALL LEVEES INTACT 

Inputs: 
• Hydrograph:  1.32 x (His 

100yr) 
• Sea Level Rise:  3.02 feet 

 
 

 
 
 
 
 
 
Area Flooded:   73,594 acres 
          (+74%) 
 

Figure	  Source:	  Joe	  Hamman,	  UW	  

Historical	   2080s	  

1.	  Need	  to	  look	  at	  inunda3on:	  which	  areas	  are	  flooded?	  
2.	  Consider	  combined	  effects	  of	  sea	  level	  and	  streamflow	  



Lower	  Snohomish	  River	  Basin	  

Source:	  Wikipedia	  



Hydraulic	  model:	  
1D	  HEC-‐RAS	  

Calibrated	  on	  Nov	  1990	  and	  
Jan	  2009	  floods	  



Preview:	  Results	  

www.maps.coastalresilience.org/pugetsound	  

10-‐year	  Flood,	  
Historical	  (1980s)	  



Coastal	  Flooding	  =	  
	   	  Storm	  Surge	  +	  
	   	  Tides	  +	  	  
	   	  Waves	  +	  	  
	   	  Freshwater	  Runoff	  +	  
	   	  Sea	  Level	  Rise	  



Storm	  Surge	  
3.3 Skew surge 
The approach used to derive extreme sea levels around the coastline is the skew surge 
joint probability method (SSJPM).   

Surge arises when the atmospheric pressure changes, affecting the level of the water 
surface.  Low sea surface pressure acts to raise the level, high surface pressure 
depresses it. Surface winds drive currents that also determine sea levels. For example, 
an offshore wind blowing towards land will drive water towards the coastline, leading to 
a rise in local sea level.  The impact on sea level caused by these processes is referred 
to as surge, and can increase or decrease sea levels.  As meteorological processes 
are independent of tidal forces, their influence can occur at any stage of the tide.  

Skew surge is the difference between the predicted astronomical high tide and nearest 
experienced high water, as shown in Figure 3.2.  The use of skew surge removes all 
phase differences (timing differences) between predicted and observed data.   

 
Figure 3.2: Illustration of the skew surge 

 
‘Illusory’ surge residuals can often occur due to this phase difference, especially at the 
mid-tide stage.  This is illustrated by Figure 3.3 which shows how an “illusory” surge 
residual is created merely by the observed tide occurring slightly earlier than predicted, 
due to meteorological influence or tide gauge timing errors.  For this reason, surge 
residuals seen in the mid-tide range are an unreliable indicator of the peak high water 
that will be attained. Their use in other analyses should be treated with caution. 

 
Figure 3.3 Illusory surge residual 

8  Coastal flood boundary conditions for UK mainland and islands 

Based	  on	  the	  “skew	  surge,”	  
es_mated	  using	  observed	  and	  
predicted	  _des	  from	  Seaale	  

Storm Surge, Seattle 
(peak annual, rel. to MHHW) 

10-‐year	   +24	  	  inches	  

100-‐year	   +32	  	  inches	  

Figure	  Source:	  McMillan	  et	  al.,	  2011	  

Highly	  correlated	  with	  	  
	  	  	  	  	  EvereL	  gauge	  (r2	  =	  0.98)	  



Coastal	  Flooding	  =	  
	   	  Storm	  Surge	  +	  
	   	  Tides	  +	  	  
	   	  Waves	  +	  	  
	   	  Freshwater	  Runoff	  +	  
	   	  Sea	  Level	  Rise	  

*Current	  projec3ons	  do	  not	  show	  a	  change	  in	  storm	  surge	  

*	  



Coastal	  Flooding	  =	  
	   	  Storm	  Surge	  +	  
	   	  Tides	  +	  	  
	   	  Waves	  +	  	  
	   	  Freshwater	  Runoff	  +	  
	   	  Sea	  Level	  Rise	  

(sheltered	  by	  Whidbey	  Island	  to	  the	  West)	  



Coastal	  Flooding	  =	  
	   	  Storm	  Surge	  +	  
	   	  Tides	  +	  	  
	   	  Waves	  +	  	  
	   	  Freshwater	  Runoff	  +	  
	   	  Sea	  Level	  Rise	  



Lower	  Snohomish	  River	  Basin	  

Source:	  Wikipedia	  



Peak	  streamflow	  projec3ons	  

http://warm.atmos.washington.edu/2860/ 

Supported by Ecology (HB2860), BPA, NWPCC, ODWR, BC Ministry of Enviro 

Change	  in	  Peak	  Streamflow	  
Snohomish	  at	  Monroe	  

historical	  

2080s	  

By	  the	  2080s,	  the	  
historical	  100-‐year	  
event	  is	  projected	  
to	  occur	  every	  30	  
years.	  



Synthe3c	  peak	  flow	  hydrograph	  
Snohomish River Flood Insurance Study  DRAFT 
Snohomish County, Washington 
Cities and Unincorporated Areas 
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Figure 2-4.  Example of scaling the 1-day average flow using the 100-year synthetic hydrograph 

 

Table 2-1.  Flood frequencies for peak, 1, 3, 5, and 7-day events. 

Recurrence Interval (years) 10 20 50 100 500 
Exceedance Probability (%) 10% 5% 2% 1% 0.2% 

Peak Values for Period of Record (cfs) 100000 115000 135000 150000 189000 
Peak Values with Historic Events (cfs) 114000 137000 173000 204000 293000 

Scaling Ratio 1.14 1.19 1.28 1.36 1.55 
1-Day Average Daily Flow (cfs) 92100 107000 128000 145000 190000 

1-Day Average Daily Flow (Scaled) (cfs) 104994 127470 164030 197200 294500 
3-Day Average Daily Flow (cfs) 78900 91600 109000 123000 158000 
5-Day Average Daily Flow (cfs) 64700 74700 88300 99100 126000 

7-Day Average Daily Flow  (cfs) 55700 63500 73800 81700 101000 
 

 

Source:	  Snohomish	  County,	  Restudy	  Flood	  Insurance	  Study,	  2001	  

+40%	   +42%	   +43%	   +43%	  

e.g.:	  10-‐year	  event,	  
Snohomish	  R.	  at	  Monroe:	  

Pilchuck:	  

+25%	   +25%	   +24%	   +24%	  



Coastal	  Flooding	  =	  
	   	  Storm	  Surge	  +	  
	   	  Tides	  +	  	  
	   	  Waves	  +	  	  
	   	  Freshwater	  Runoff	  +	  
	   	  Sea	  Level	  Rise	  



Sea	  Level	  Rise	  

Projected Range, Snohomish 
Relative to 2000 (NRC, 2012) 

2040s	   +5.5	  to	  	  	  +9.1	  inches	  

2080s	   +13.2	  to	  +25.3	  inches	  

Based	  on	  es3mated	  subsidence	  rate	  of	  
1	  mm/yr	  for	  Anacortes,	  WA	  (NRC	  2012)	  

NRC,	  2012	  



Results	  

www.maps.coastalresilience.org/pugetsound	  

10-‐year	  Flood,	  
Historical	  (1980s)	  



Results	  

www.maps.coastalresilience.org/pugetsound	  

10-‐year	  Flood,	  
A1b	  2080s,	  Low	  



Results	  

www.maps.coastalresilience.org/pugetsound	  

10-‐year	  Flood,	  
A1b	  2080s,	  High	  



Results	  

www.maps.coastalresilience.org/pugetsound	  

100-‐year	  Flood,	  
Historical	  (1980s)	  



Results	  

www.maps.coastalresilience.org/pugetsound	  

100-‐year	  Flood,	  
A1b	  2080s,	  Low	  



Results	  

www.maps.coastalresilience.org/pugetsound	  

100-‐year	  Flood,	  
A1b	  2080s,	  High	  



UW	  Climate	  Impacts	  Group	  
www.cses.washington.edu/cig	  

Climate Science in the 
Public Interest 





Surge	  and	  Peak	  Streamflow	  are	  
uncorrelated	  in	  the	  Snohomish	  
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r2	  =	  0.07	  	  
	  	  	  	  	  	  	  (95%	  conf.	  lims:	  0.000-‐0.258)	  



1. Sea Level Rise: 

Projected Range, Seattle 
Relative to 2000 (NRC 2012) 

2030	   −1.5	  	  to	  	  	  	  +8.8	  	  inches	  

2050	   −1.0	  	  to	  	  +18.8	  	  inches	  

2100	   +3.9	  	  to	  	  +56.3	  	  inches	  

Projected in All Scenarios by 2100 



NRC	  2012	  vs.	  Mote	  et	  al.	  2008	  

Figure	  source:	  Climate	  Impacts	  Group	  



( 

2. Storms: 
There is growing evidence that the frequency and 
intensity of severe storms will increase. 

Salathé	  et	  al.,	  in	  press,	  2014	  

 39 

 778 
Figure 2. 6-hour accumulated precipitation simulated by ECHAM5/WRF for 27 Nov 2030; the 779 
left panel shows results for the outer, 36-km domain; right panel the inner, 12-km domain.   780 

Simulated	  future	  storm	  from	  the	  WRF	  regional	  model.	  



( 

Our	  primary	  mechanism	  
for	  storing	  water	  –	  snow	  
–	  is	  sensi_ve	  to	  
warming.	  

The Cascade and Olympic 
Mountains have the highest 
fraction of “warm snow”  
(snow falling between 27-32°F) 
in the continental U.S.  
(Mote et al. 2008) 

3. Snow: 



Higher	  peak	  streamflow	  

http://warm.atmos.washington.edu/2860/ 

Supported by Ecology (HB2860), BPA, NWPCC, ODWR, BC Ministry of Enviro 

Change	  in	  Monthly	  Streamflow	  
Snohomish	  at	  Monroe	  

historical	  

2080s	  



Flooded	  Area	  

10-‐year	  Flood	  
Historical	  (1980s)	  



Flooded	  Area	  

10-‐year	  Flood	  
2080s,	  Low	  



Flooded	  Area	  

10-‐year	  Flood	  
Historical	  



Flooded	  Area	  

100-‐year	  Flood	  
Historical	  (1980s)	  



Flooded	  Area	  

100-‐year	  Flood	  
2080s,	  Low	  



Flooded	  Area	  

100-‐year	  Flood	  
Historical	  


