
What if…
A Scenario-Based Planning 
Approach and Adaptive 
Pathways Framework to 
Improve Our Understanding 
of Sea Level Rise and 
Incremental Adaptation

Presenter Notes
Presentation Notes
Thanks, I’m Brett Vivyan and I’ll be presenting a scenario-based planning approach and adaptive pathways framework to improve our understanding of sea level rise and incremental adaptation



The fate of coastal and estuarine 
landscapes in the face of sea level 
rise is often simplified to a portrait 
of vast inundation across low-
lying lands.

2
Humboldt Bay: Sea Level Rise, Hydrodynamic 
Modeling, and Inundation Vulnerability Mapping, 
2015

100-yr still water level (blue)

100-yr + 6.4 ft Sea Level Rise (red)

Presenter Notes
Presentation Notes
Sea level rise and the fate of coastal and estuarine landscapes is often simplified to a portrait of vast inundation across low-lying lands.



Mean Higher High Water Mean Higher High Water
+2.5 feet Sea Level Rise
Projected Water Level

Mean Higher High Water
+2.5 feet Sea Level Rise

Modeled Tide

Presenter Notes
Presentation Notes
Simplified methods of projecting a single, future water level over the landscape don’t account for the dynamic, time varying nature of tides and the interaction with natural and constructed landforms. 



Mean Higher High Water Mean Higher High Water
+2.5 feet Sea Level Rise

Mean Higher High Water
+2.5 feet Sea Level Rise

+ 50-yr Wind

Presenter Notes
Presentation Notes
Nor do they provide a  more detailed understanding of the compounding effects that wind and other factors may have on water levels.



Presenter Notes
Presentation Notes
The complexity of tidal hydraulics and their interaction with the landscape, in the context of an uncertain future can be a daunting task for asset managers. 



Scenario-Based Planning

• Explore a range of plausible future conditions coupled with 
more detailed evaluations of the interaction between coastal 
hazards and the landscape to provide a “what if” decision 
support tool

Presenter Notes
Presentation Notes
A scenario-based approach that considers a range of plausible future conditions coupled with more detailed evaluations of the interaction between coastal hazards and the landscape provides a “what if” decision support tool that makes uncertainties apparent; can be updated over time as more information becomes available; and can incorporate insight from multiple perspectives, including both quantitative and qualitative information. 



Adaptive Pathways Framework

Framework is adapted from the nine-step Guide 
to Using and Developing Pathways developed 
by Environment Agency UK for the TE2100 Plan 
(Reeder & Ranger, 2011 and Reeder, 2017)

Presenter Notes
Presentation Notes
Scenario-based planning fits within an adaptive pathways framework, providing the cornerstone of structuring the problem to then explore solutions, evaluate pathways, and implement a living plan that accommodates multiple plausible futures in any location.



Objectives:

• Improve understanding of tidal dynamics, flood events & SLR
• Explore thresholds and tipping points
• Understand risk 
• Identify management actions
• Inform design objectives for adaptation projects

Presenter Notes
Presentation Notes
This presentation will explore how scenario-based planning has been used to describe the anticipated range of potential outcomes for existing and future hydraulic conditions and changes to the shoreline, so that we can:Improve understanding of the dynamics of flood events and sea level riseExplore thresholds and tipping points of resources to better understand site-specific vulnerabilitiesBetter understand riskIdentify management actionsInform design objectives for adaptation projects



Tidal Dynamics, Flood Events & Sea Level Rise

Presenter Notes
Presentation Notes
Over the course of a tidal cycle, over several days, or in 50 years, depending on a multitude of parameters, the effect of tidal dynamics and other factors, such as wind and the interaction of tides with the landscape, can vary from nothing out of the ordinary typical conditions without your typical bystander noticing to localized flooding, to overtopping of roadways and wide-spread flooding.



Tidal Dynamics, Flood Events & Sea Level Rise

Presenter Notes
Presentation Notes
Understanding the frequency and duration of water levels and contributing factors is an important first step in identifying risk.



Tidal Dynamics, Flood Events & Sea Level Rise

Presenter Notes
Presentation Notes
The future of sea level rise has inherent uncertainties, resulting in a range of rates. The statements “With X feet of sea level rise” or “by 2050” “flooding of the coastline occurs” do not capture the importance of frequency. Does this happen every day? Every year? 



Tidal Dynamics, Flood Events & Sea Level Rise

Tidal Still Water 
Level (NAVD) 9.0 ft 

Equivalent Still 
Water Event with 
SLR

2-yr + 0 ft SLR
MHHW + 2.5 ft SLR
MHW + 3.2 ft SLR

Apply projected sea level rise 
rate to estimate year

Highest Observed Tide: 9.5 ft
Factors: Tide, Storm Surge, Wind
Recurrence: 5 to 10-yr

Presenter Notes
Presentation Notes
As sea levels rise, we can expect the frequency of higher water levels to increase. That is to say,  with sea level rise,  what we now know as the 2-year event or an event that has a 50% chance of occurring each year, will eventually be called mean higher high water, or an event that occurs several times per month.The use of a datum, a fixed starting point, in this case elevation, and the changing relationship to sea level rise is a helpful first step understand frequency. In this example a water level of 9 feet, which is existing conditions and has a 50% chance of occurring each year (or average recurrence of every 2 years) will become the mean higher high water with 2.5 ft of sea level rise.You can then look at the range of sea level rise projections for your location to estimate when that might occur.It’s also worth noting reference high water levels, such as the highest observed tide and the factors that contributed to the water level.



Explore Thresholds and Tipping Points

Tide 9.5 ft
+ 50-yr Wind

Water Level 10.3 ft
Waves 2-5 ft

Tide 10 ft
Calm

Water Level 10.0 ft

Tide 10.6 ft
Calm

Water Level 10.6 ft

Presenter Notes
Presentation Notes
Using more detailed hydraulic tools, such as 2-dimensional modeling and other advanced methods, we can explore thresholds and tipping points. What are the contributing factors and target water levels for when conditions go from your normal everyday tides with no issues, to maybe some flooding typical of heavy rains or winter storms, to severe flooding.



Explore Thresholds and Tipping Points

90% of Flood Volume

10% of 
Flood Volume

Flooding of 
Highway 
and Land

Identify locations and 
contributions

Presenter Notes
Presentation Notes
By accounting for the depth and duration of overtopping, we can better understand the details of where tidal water overtops the shoreline and how much of a factor it is.



Explore Thresholds and Tipping Points

Presenter Notes
Presentation Notes
And assess the response of the shoreline and coastal facilities to better understand impacts. Such as depth and duration of overtopping that would create erosion or more significant consequences, like potential failure of a facility 



Explore Thresholds and Tipping Points

Presenter Notes
Presentation Notes
A thorough assessment of  the response of the shoreline and coastal facilities can help us better understand the consequences of sea level rise and other factors across the landscape.



Explore Thresholds and Tipping Points

Presenter Notes
Presentation Notes
We can then better tell the story of what happens on the landscape over hours, days and decades. An approach we’ve used has been to tell this story through case studies, which outline the conditions leading up to the water level event, what would be experienced during the high-water event, and the resulting aftermath. This may vary from typical wet winter conditions with significant noted changes to large scale flooding and associated damages.



Explore Thresholds and Tipping Points

Presenter Notes
Presentation Notes
This approach provides a narrative of the water level event at a hydrographic area scale to allow more detailed consideration of geomorphic conditions and physical processes. Exposure to water levels, flood sources and wind may vary throughout the hydrographic area along with the presence of resources.



Explore Thresholds and Tipping Points

Presenter Notes
Presentation Notes
Case studies explore the tidal hydraulics and resulting shoreline processes, depth and duration of flooding, and impacts experienced throughout the days leading up to and follow the water level event.



Understand Risk

Health & Safety

Economy

Presenter Notes
Presentation Notes
We can use these more detailed descriptions of the frequency of the event or water level and magnitude of potential impacts to Develop a conceptual risk assessment and tailor that to different areas of interest, such as public health and safety or economic impactsRisk is the likelihood of an event and the magnitude of potential impacts. We need to ask ourselves at what point do we see impacts and how destructive are these impacts. If we think about tidal flooding of roadways, is it an inch for an hour once a year? Is it several feet for several days? Is it daily? And how does this change with sea level rise?



Understand Risk

Example: Humboldt Bay
January 31, 2005

Consequences
Dangerous Conditions
Eventual closure of Hwy 101 (6 hrs)
No significant flood damage 
reported (debris cleanup)

Tide 9.5 ft
+ 50-yr Wind
Water Level 10.3 ft
Waves 2-5 ft

Frequency
5 to 10-year
(10-20% 
Annual 
Chance)

Presenter Notes
Presentation Notes
An example, using an actual event is the eastern shore of Humboldt Bay on January 31, 2005. Tide, Consequences



Understand Risk

Tidal Still Water 
Level (NAVD) 10.6 ft 

Equivalent Still 
Water Event with 
SLR

100-yr + 0 ft SLR
10-yr + 0.5 ft SLR

MHHW + 3.5 ft SLR

Presenter Notes
Presentation Notes
The spatial component of a conceptual risk assessment can help us better understand the distribution of these impacts and referenced to water levels to better understand the anticipated frequency to develop appropriate actions for various planning horizons.



Identify Management Actions and Inform Design 
Objectives for Adaptation Projects

Presenter Notes
Presentation Notes
The improved understanding of detailed hydraulics, existing and future frequency, and resulting consequences can better inform targeted management actions and inform design objectives for adaptation.



Identify Management Actions and Inform Design 
Objectives for Adaptation Projects

Presenter Notes
Presentation Notes
Projects may be sequenced to build on one another to address specific time horizons and contributing factor to develop multi-benefit projects. This may be the repurposing of a rail prism to provide an elevation barrier for a trail and highway, which then provides the back structure more nature-based solutions to reduce wave runup and overtopping.



Inform Design Objectives for Adaptation Projects

First Phase of Planned Retreat and 
Removed Flooding

Existing Pathways of Inundation and 
Depth of Flooding

Presenter Notes
Presentation Notes
Or used to identify a managed retreat strategy to relocate facilities along the shoreline to a protected area inland while maintaining and protecting other critical facilities.



Adaptive Pathways Framework

l   GHDFMA

Framework is adapted from the nine-step Guide 
to Using and Developing Pathways developed 
by Environment Agency UK for the TE2100 Plan 
(Reeder & Ranger, 2011 and Reeder, 2017)

Presenter Notes
Presentation Notes
This scenario-based planning approach fits within an adaptive pathways framework, comprised of structuring the problem, assessing solutions, evaluating solutions and implementing adaptation measures.



Understanding of tidal dynamics, flood events & 
Sea Level Rise

l   GHDFMA

Tidal Still Water 
Level (NAVD) 9.0 ft 

Equivalent Still 
Water Event with 
SLR

2-yr + 0 ft SLR
MHHW + 2.5 ft SLR
MHW + 3.2 ft SLR

Presenter Notes
Presentation Notes
It requires an improved characterization of tidal dynamics, flood events and sea level rise



Thresholds and tipping points

l   GHDFMA

Presenter Notes
Presentation Notes
Identifying thresholds and tipping points



Understand Risk

l   GHDFMA

Presenter Notes
Presentation Notes
And characterizing risk



Identify Management Actions
& Inform Design Objectives for Adaptation Projects

l   GHDFMA

Presenter Notes
Presentation Notes
So that we can make identify management actions and inform design objective for adaptation projects.



Thank You



Email: 
Brett.Vivyan@ghd.com

Phone: 707-267-2275

Address: PO Box 1010

Eureka, CA 95502

FMA32 l   GHD

Thank You

Brett Vivyan PE
Civil Engineer

Email: 
Jeremy.Svehla@ghd.com

Phone: 707-443-8326

Address: PO Box 1010

Eureka, CA 95502

Jeremy Svehla PE
Civil Engineer

Email: 
HSeemann@co.humboldt.ca.us

Phone: 707-268-2680

Address: 1106 Second Street 

Eureka, CA  95501

Hank Seemann
County of Humboldt
Env Services Director

Presenter Notes
Presentation Notes
I’d like to take a moment to recognize my co-authors, Jeremy Svehla my coworker at GHD and Hank Seemann the Director of Environmental Services for Humboldt County.
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