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       GCM Projected Change in Sea Level Rise 
         Model Based Probability

     Columbia Center for Climate Systems Research

       Note: There are 7 GCM's and 3 emission scenarios used.
       Base = 2000 to 2004, 2020s = 2020-2029, etc…
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Photo	  credit:	  Carey	  Batha	  for	  TNC	  



Coastal	  Resilience	  Ventura	  Aspects	  

•  Stakeholder	  process	  
•  Analysis	  of	  Local	  SLR	  Planning	  Tools	  	  
•  Coastal	  Hazards	  
•  Habitat	  EvoluDon	  
•  Blue	  Carbon	  
•  Green	  vs	  Grey	  AdaptaDon	  Tradeoffs	  



Partnerships	  

	  
	  
	  



o  Regional	  Plans	  (SCAG	  SCS,	  
Ventura	  Alliance)	  

o  General	  Plan	  and	  LCP	  
Updates	  

o  Specific	  Plans	  and	  Overlays	  
o  Land	  Use	  RegulaDons	  
o  PermiNng	  and	  Compliance	  

Evaluated:	  Interviewed:	  
o  City	  of	  Oxnard	  
o  City	  of	  Ventura	  
o  City	  of	  Port	  Hueneme	  
o  County	  of	  Ventura	  
o  Coastal	  Commission	  
o  Naval	  Base	  Ventura	  County	  (NBVC)	  



Study	  Area(s)	  

County	  limit	  

County	  limit	  

•  Flood	  analysis	  extended	  to	  county	  limits	  
•  Erosion	  study	  area	  kept	  same	  (extensive	  armor)	  

	  



Sea	  Level	  Rise:	  
•  Low:	  0.44	  meters	  by	  2100	  
•  Medium:	  0.93	  meters	  by	  2100	  
•  High:	  1.47	  meters	  by	  2100	  
Wave	  Climate:	  
•  No	  changes	  
•  A	  doubling	  of	  El	  Nino	  frequencies.	  
•  A	  500-‐year	  or	  an	  Arkstorm	  event	  at	  2060	  with	  a	  

doubling	  of	  El	  Nino	  frequencies	  
Fluvial	  Climate	  Scenarios:	  
•  ExisDng	  condiDons	  	  
•  A2	  Climate	  Scenario	  
•  B1	  Climate	  Scenario	  

COASTAL	  EROSION	  HAZARDS	  ANALYSIS	  

Scenarios	  



Coastal	  Hazard	  Analysis	  

Assessed	  4	  contribu/ng	  factors:	  
1.  Erosion	  hazard	  zones	  	  
Future	  erosion	  increases	  hydraulic	  connec1on	  and	  	  risk	  of	  flooding	  

2.  Coastal	  wave	  impact	  hazard	  zone	  	  -‐	  momentum	  impact	  

3.  Tidal	  extent	  -‐	  dura1on	  
4.  River	  floodplains	  

	  Ventura	  and	  Santa	  Clara	  Rivers	  only	  
	   	   	   	   	  …	  for	  9	  future	  scenarios:	  

	  
	  
	  
	  
	  

Year	  

Low	  SLR	  +	  
Exis/ng	  Fluvial	  

Flood	  

Medium	  SLR	  +	  	  
B1	  Climate	  
Fluvial	  Flood	  

High	  SLR	  +	  	  
A2	  Climate	  
Fluvial	  Flood	  

2030	   X	   X	   X	  

2060	   X	   X	   X	  

2100	   X	   X	   X	  

FLOOD	  HAZARDS	  ANALYSIS	  



Coastal	  Erosion	  Hazard	  Zones	  

High	  SLR,	  Arkstorm	  &	  Double	  El	  Niño	  Frequency	  

COASTAL	  EROSION	  HAZARDS	  ANALYSIS	  



Santa	  Clara	  River	  –	  RelaDve	  Risk	  	  
Spa1al	  aggrega1on	  

FLOOD	  HAZARDS	  ANALYSIS	  



Fluvial	  Flooding	  	  

1969	




Variable 
Infiltration 

Capacity Routing 
Model 

Climate data1 
• Runoff 
• Baseflow 

Daily streamflow data	  

Annual peak streamflow 

Annual Peak 
Streamflow 

Flood Frequency 
Analysis	  

	  

Q100 

Q100 HEC-RAS 
Hydraulic Model	  
	  

Flood inundation 
patterns  

 Sea-level rise 

 

           Inputs        Analysis/Model    Ouptut	

 	

 	

 	


1Data produced by California Climate Change Center	


Fluvial	  Analysis	  
Hec -RAS models:	


• Ventura River	

• Santa Clara River	




Ventura	  River	  Modeling	  and	  Mapping	  



Habitat	  EvoluDon	  -‐	  SLAMM?	  

Habitat	  Map	   Topography	  +	  Slopes	  

SLR	  

Projected	  	  
Future	  Habitats	  



Protect	  Developed	  Dry	  Land	  (including	  agriculture)	  
	  	  	  	  	  vs.	  Allow	  marshes	  to	  transgress	  

SLAMM	  



Example	  Scenario:	  2010	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Example	  Scenario:	  2030	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Example	  Scenario:	  2060	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Example	  Scenario:	  2070	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Example	  Scenario:	  2080	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Example	  Scenario:	  2090	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Example	  Scenario:	  2100	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Habitat	  Area	  over	  Time	  

SLAMM	  

Allow	  wetlands	  to	  transgress	   Protect	  developed	  dry	  land	  



Coastal	  Ecosystems:	  Long-‐Term	  Carbon	  
SequestraDon	  and	  Storage	  

26	  





Approach	  in	  Mugu	  Lagoon	  
Future	  Scenarios.	  For	  example…	  

2100,	  Allow	  wetlands	  to	  transgress	  

2100,	  Protect	  developed	  dry	  land	  

Current	  habitat	  areas	  	  
	  	  	  	  x	  (sequestraDon	  rate	  –	  emissions	  rate)	  
	  	  	  	  	  	  	  	  =	  Total	  sequestraDon	  

2010,	  Exis/ng	  habitats	  



•  EsDmate	  emissions	  with	  historic	  land	  use	  change	  
–  Assessment	  of	  created	  accommodaDon	  space	  
–  EsDmate	  of	  soil	  carbon	  density.	  
–  EsDmate	  of	  CH4	  emissions	  across	  salinity	  gradient,	  if	  possible	  

•  Explore	  whether	  emissions	  are	  likely	  to	  be	  ongoing	  
–  Soils	  maps	  

•  EsDmate	  emissions	  and	  reducDons	  for	  future	  scenarios	  
–  Time	  series	  assessment	  of	  land	  use	  change	  (from	  model)	  
–  EsDmate	  of	  emissions	  and	  change	  through	  Dme.	  

Approach	  in	  Mugu	  Lagoon	  



higher	  SLR	  –	  net	  GHG	  removals	  

Low	  SLR	  –	  net	  GHG	  emissions	  

GHG	  budget	  driven	  by	  
freshwater	  pond	  management	  



•  IPCC	  2006	  Guidelines	  for	  GHGs	  –	  Vol	  4	  
•  IPCC	  2013	  Wetlands	  Supplement	  	  

	  Guidance	  for	  accoun1ng	  for	  wetland	  conversion	  and	  restora1on	  in	   	  coastal,	  
freshwater,	  and	  constructed	  wetlands	  

•  CalEEMod	  2013	  –	  GHG	  accounDng	  sooware	  for	  projects	  
•  Elgin	  2012,	  Soil	  organic	  maper	  in	  SoCal	  marshes	  
•  Formeller	  et	  al	  2008,	  Carbon	  accounDng	  for	  Cal	  Poly	  
Pomona	  campus	  

•  San	  Francisco	  Bay	  marsh	  carbon	  sequestraDon	  studies	  

•  Others?	  In	  par1cular,	  methane	  emissions	  from	  duck	  ponds	  

Emission/SequestraDon	  Data	  



Land	  Use/Land	  Cover	  Data	  
Soil	  Map	  (SSURGO	  2008)	  



Land	  Use/Land	  Cover	  Data	  
Crop	  Map	  (Ventura	  County	  Ag	  Commission	  2013)	  



Land	  Use/Land	  Cover	  Data	  
Historic	  Wetland	  Map	  (USGS	  Digital	  T-‐Sheets)	  



Green	  vs	  Gray	  

•  Focus	  group	  interviews	  of	  potenDal	  
adaptaDon	  strategies	  

•  Evaluate	  changes	  to	  physical	  extent	  of	  hazards	  
•  Economic	  analysis	  (iniDal	  effort)	  

– Risk	  reducDon	  
– Cost	  esDmate	  of	  construcDon	  
–  Impacts	  to	  Agriculture	  
– RecreaDon	  
– Ecosystem	  Services	  
	  





Decision-‐Support	  
www.maps.coastalresilience.org	  


