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Historic Maintenance Events 
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Climate Change Scenarios  
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2008 Gulf Coast Study 

FHWA Conceptual Model for Climate Change Vulnerability Assessments 

2010 Pilot Studies (5) 

FHWA Climate Change & Extreme Weather Vulnerability Assessment Framework 

2013 Pilot Studies (19) 

? 

PROJECT HISTORY 
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D1CCPS Project: Process vs. Product 
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Project Objectives 

1. Identify Vulnerabilities 
 
 

2. Analyze Adaptation Options 
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DEL NORTE 
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LAKE 

Study Area 



Identify vulnerabilities 

What is vulnerability? 
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Vulnerability 

Criticality 
Exposure 

Sensitivity 

+ 
+ 

= 

How critical is this facility? 
What is the impact affecting it? 

How does it handle the impact? 
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What is “Criticality” 

Photo: Google Earth 
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What is “Criticality” 

Photo: Google Earth 
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Exposure 

Climate Change Effects 

• Temperature 
• Precipitation 
• Runoff 
• Sea level rise 
• Coastal erosion hazards 
• Wildfire  

 
 

Moderate & Extreme changes at 2050 and 2100 
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Dynamical 

David Viner, Climatic Research Unit, University of East Anglia, UK 

Statistical 

Maurer, 2008 

How do we know? 

Presenter
Presentation Notes
Dynamical: Physically based regional climate models (RCMs) nested in localized segment of GCM, Computationally intensive with high level of data requirements 
Statistical: 2 primary approaches that are out there are bias correction and spatial disaggregation (BCSD), and Constructed Analog approached.
	-Bias correction/spatial disaggregation uses historic statistical information from observed datasets to train modeled data and spatial relationships to resolve large grid cells to smaller ones
	-Constructed analog uses library of observed gridsets to replicate future climate projections



D1CCPS Public Meeting 

RESULTS OF EXPOSURE ANALYSIS 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.
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Changes in Average Daily 
Maximum Temperature 

Climate Change Effects 

Historic 
Business as Usual 

Best Case 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.
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Humboldt County 

Increased average temperature 

HUMBOLDT 
+2.9 to 3.3°F - 2050 
+4.0 to 6.7°F – 2100 
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Extreme Temperature  
(additional days above 95F) 

Climate Change Effects 

Historic 

Business as Usual 

Best Case 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.
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Extreme Temperatures 

Increased days above 95°F. 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.
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Sea Level Rise 

King Tides Rising 
Photo: Aldaron Laird 
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2000 0 in 

Sea Level Rise 
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2050  
12-14 in 
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2100  
36-55 in 
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2100+  ?? in 
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Coastal Erosion 

+ Sea Level + Sea Level 

Dunes Bluffs 

Erosion is episodic 
Acceleration of background erosion events 
 



D1CCPS Public Meeting 

Coastal Hazards 

Erosion Hazard Zones 

2025 
2050 
2100 

2000 
2100 

Data: PWA 2008 

100-yr Coastal Flood Zone 
Data: Humboldt Bay SLR 
Adaptation Planning/NHE  

Presenter
Presentation Notes
PWA for Pacific Institute, 2009
Dune + cliff/bluff erosion hazard zones, considering sea level rise (1.4 m between 2000 and 2100).
Some large gaps in erosion hazard data due to missing historic erosion rates in Hapke et al 2006.
Not sure why there’s a perfectly straight line along edge of flood hazard – may be due to gaps in DEM that Pacific Institute used to map flooding.
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Erosion Hazard Zones 

2025 
2050 
2100 

2000 
2100 

Data: PWA 2008 

100-yr Coastal Flood Zone 
Data: Ocean Protection 
Council, 2008 

Coastal Hazards 

Presenter
Presentation Notes
PWA for Pacific Institute, 2009
Dune + cliff/bluff erosion hazard zones, considering sea level rise (1.4 m between 2000 and 2100).
Some large gaps in erosion hazard data due to missing historic erosion rates in Hapke et al 2006.
Not sure why there’s a perfectly straight line along edge of flood hazard – may be due to gaps in DEM that Pacific Institute used to map flooding.
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Rainfall change 

    

   

   

Historic 

Best Case 

Business  as Usual 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.
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Humboldt County 

Changes in average rainfall 

HUMBOLDT 
-3.9% to -0.4%   2050 
-6.5% to -1.8%   2100 
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Extreme Precipitation 

Changes in extreme rainfall 

Moderate Scenario 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.
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Extreme Precipitation 

Changes in extreme rainfall 

Wet scenario 

Presenter
Presentation Notes
Updated on 6/24/2014 to reflect revised numbers in 6/23/2014 draft.




D1CCPS Public Meeting 

Wildfire Exposure 

Changes wildfire risk 

Moderate Scenario 

Data: DWR, 2014 

Presenter
Presentation Notes
Updated on 6/24/2014
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What is “Potential for Impact” 
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Delay 
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Temporary Closure – Damage 
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Failure 



ADAPTATION Prototype Sites 

Presenter
Presentation Notes
Merritt
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LAKE 

DEL NORTE 
Last Chance Grade 

Middle Creek/ 
Rodman Slough 

HUMBOLDT 
Humboldt Bay 

MENDOCINO 
Garcia River Mouth 

Hwy 101 
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Hwy 1 

Hwy 20 & 
CR 407 

ADAPTATION Sites 
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Humboldt County 

Humboldt Bay 
Photo: GoogleEarth 
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Humboldt County 

2100 

Humboldt Bay 

Presenter
Presentation Notes
PWA for Pacific Institute, 2009
Dune + cliff/bluff erosion hazard zones, considering sea level rise (1.4 m between 2000 and 2100).
Some large gaps in erosion hazard data due to missing historic erosion rates in Hapke et al 2006.
Not sure why there’s a perfectly straight line along edge of flood hazard – may be due to gaps in DEM that Pacific Institute used to map flooding.
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Findings in the Eureka/Arcata Corridor  
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Humboldt County 

Erosion Hazard Zones 

2025 
2050 
2100 

2000 
2100 

Data: PWA 2008 

100-yr Coastal Flood Zone 
Data: Humboldt Bay SLR 
Adaptation Planning/NHE  

Presenter
Presentation Notes
PWA for Pacific Institute, 2009
Dune + cliff/bluff erosion hazard zones, considering sea level rise (1.4 m between 2000 and 2100).
Some large gaps in erosion hazard data due to missing historic erosion rates in Hapke et al 2006.
Not sure why there’s a perfectly straight line along edge of flood hazard – may be due to gaps in DEM that Pacific Institute used to map flooding.
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Presenter
Presentation Notes
In 1900, 18” was the 100 year event and it took a century for that event to become our King tide. On Humboldt Bay the 100 year event of 2000 will be the King tide event in 2065 based on RSLR rates at North Spit.  Average Maximum High water is 8.78 feet (2.68 meters). 
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West of Highway 101-Un-Maintained Agricultural Di  

Presenter
Presentation Notes
Highway 101 vulnerability in South Bay, King tide 8.54 feet Thompkins Road overpass and Highway 101 behind agricultural dike at White Slough.
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Presenter
Presentation Notes
PWA for Pacific Institute, 2009
Dune + cliff/bluff erosion hazard zones, considering sea level rise (1.4 m between 2000 and 2100).
Some large gaps in erosion hazard data due to missing historic erosion rates in Hapke et al 2006.
Not sure why there’s a perfectly straight line along edge of flood hazard – may be due to gaps in DEM that Pacific Institute used to map flooding.
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Presenter
Presentation Notes
PWA for Pacific Institute, 2009
Dune + cliff/bluff erosion hazard zones, considering sea level rise (1.4 m between 2000 and 2100).
Some large gaps in erosion hazard data due to missing historic erosion rates in Hapke et al 2006.
Not sure why there’s a perfectly straight line along edge of flood hazard – may be due to gaps in DEM that Pacific Institute used to map flooding.
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MMMW 
Inundation Potential 
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Presenter
Presentation Notes
South of Brainard's Point; existing conditions and a 100 year tidal event inundation area; Highway 101 is flooded between Jacobs Avenue to Bracut from the west and east.
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MMMW 
Inundation Potential 
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West of Highway 101-Unmaintained NWP Railroad Grade 

Presenter
Presentation Notes
King tide 8.65, Arcata Bay NWP railroad grade at Rocky-Washington Gulches.
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East of Highway 101-King Tide Flooding-Bayside Cut-off 



ADAPTATION Options 

Presenter
Presentation Notes
Merritt
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Defend Adaptation approaches Existing 
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Adaptation approaches Defend 
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Adaptation approaches Adapt 
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Adaptation approaches Planned Retreat 
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Adaptation approaches Forced Retreat 



D1CCPS Public Meeting 

Adaptation approaches 

Defend 

Adapt 

Planned retreat 

Forced retreat 
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Adaptation approaches Defend 
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Sea Level Rise 

Flood Walls 
Sea Walls 

Levees 
Dikes 

Decreased Rainfall 
Increased Rain Intensity 

Adaptation approaches 

Living 
shoreline 

Photo: GoogleEarth 

Flooding 
Erosion Coastal 

Coastal  
& Flash 
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Adaptation approaches Adapt 
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Sea Level Rise 

Causeways 

Increased Rainfall 
Increased Precipitation 

Adaptation approaches 

Floodable 
Bridges 

Photo: California Coastal Records Project 

Photo: Google Earth 

Flooding 
Erosion Coastal 

Coastal  
& Flash 
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Raise 
bridges 

& 
roads 

Adaptation approaches 

Armor 
roads 

Photo: MoBikeFed, , Creative Commons Attribution License 

Sea Level Rise 
Decreased Rainfall 
Increased Rain Intensity 

Photos: Peter Dobbins/Friends of the Garcia River (FrOG) 

Flooding 
Erosion Coastal 

Coastal  
& Flash 

https://creativecommons.org/licenses/by/2.0/legalcode


D1CCPS Public Meeting 

Adaptation approaches Planned Retreat 
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Adaptation approaches Re-route & Retreat 

Image: Ocean Beach Master Plan 

Photo: Google Earth 

Flooding 

Sea Level Rise 
Decreased Rainfall 
Increased Precipitation 

Erosion Coastal 

Coastal  
& Flash 
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Adaptation approaches Forced Retreat 
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No Action: 
 

Flooding  
& Road 

Closures 

Adaptation approaches 

Sea Level Rise 
Decreased Rainfall 
Increased Rain Intensity 

Flooding 
Erosion Coastal 

Coastal  
& Flash 
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Adaptation approaches 

ADAPT 

RETREAT DEFEND 
planned 

RETREAT 
forced 



Adaptation Assessment Criteria 
 

• Total Capital Investment 
• Usable Life 
• Equivalent Annual Cost 
• Effectiveness (level of performance) 
• Implementation Timeline 
• Flexibility 
• Environmental Considerations 
• Social Considerations 

 
 
 

Presenter
Presentation Notes
Merritt



Group Discussions 
What are your top priorities for adapting to climate 
change impacts? 

 
• Total Capital Investment 
• Usable Life 
• Equivalent Annual Cost 
• Effectiveness (level of performance) 
• Implementation Timeline 
• Flexibility 
• Environmental Considerations 
• Social Considerations 
 
 
 

What adaptation options do you feel are most 
appropriate for the Eureka to Arcata 101 Corridor? 

Presenter
Presentation Notes
Merritt
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Project website 

http://www.northcoastclimatechange.com 

http://www.northcoastclimatechange.com/technical-advisory-group/
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