
The Game of Floods 
 S E A  L E V E L  R I S E  I S  C O M I N G  



3 feet  SLR 5 feet  SLR 

3 feet of SLR 
or 100-year 

storm 
1 foot of SLR 
or King Tide 

Presenter
Presentation Notes
Marin’s shoreline will become increasingly so as sea levels rise. The Vulnerability Assessment is an effort to coordinate our approach to understanding the risk, coordinating communication, and integrating policy and implementation.



Major adaptation strategies 

Protect 

• HARD 
• Build dikes, 

seawalls 
• Install tide gates 
• Raise grades 
• Increase pumping 

• SOFT 
• Natural beach 

systems 
• Tidal wetlands 
• Horizontal levees 

Manage 
Retreat 

• Land and structure 
acquisition 
/relocation 

• Building/Planning 
code and 
regulation 
changes 

• Allow erosion 
/migration of 
natural areas 
 

Accommodate 

• Elevate buildings 
and infrastructure 

• Floodproof critical 
structures 

• Floodable 
buildings/tiered 
developments  

…and combinations of any above 
 



Famous adaptors throughout 
history… 
Dutch Boy built protection 



Moses implemented managed 
retreat 



Noah went for accommodation 
(floodable structures)  



Major adaptation strategies 
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• Flood/sea walls 
• Levees/dikes 
• High tide gates 
• Rock rip-rap 

Hard  

• Wetlands creation/enhancement 
• Engineered beaches shoreline 

 Soft 

• Elevate structures 
• Raise grades 
• Lifestyle adaptation 
• Zoning changes 
• Planned retreat 

Infrastructure/ 
Lifestyle 



PROTECT 

Flood wall & pump station 

Hard (traditional) engineering 

Seawall/revetment 

Tide gate 

Traditional levee  

Presenter
Presentation Notes
Traditional shoreline protection, also known as “coastal armoring” includes levees, seawalls, tidal gates , flood walls and pump stations. 

While these structures are the most common form of protection we have today, hard shoreline protection is not as effective as natural shorelines at dissipating the energy from waves and tides. As a result, armored shorelines tend to be more vulnerable to erosion, and to increase erosion of nearby beaches. 



Westhoff
   

Sea wall 

Bulkhead seawall in Seadrift neighborhood   

Pros: Limited ROW required 
 
Cons: Cost, Impacts 

Presenter
Presentation Notes
Concrete seawalls and bulkheads protect the shore from strong wave action. Armoring is our oldest flood protection tool. It's familiar, behaves predictably and can be used in combination with other strategies to protect existing development from rising water. It can be used against both storm surge and baseline sea level rise.

However, it's a short-term solution. All coastal armoring can be engineered only to accommodate a certain storm size or rise in sea level. It also requires costly annual maintenance and regular monitoring to ensure it remains safe. 



Levee 
Pros: Stability if maintained, 
Cost lower then wall 
 
Cons: Large ROW required 

Presenter
Presentation Notes
Earthen levees protect low-lying land, often from river flooding, and come in many forms. 

Levees are not a great option on the open coast due to high wave energy environment, but could be used in tidally influenced creeks and rivers.

Like seawalls, levees are expensive to maintain over time and have the potential to fail, with disastrous flood impacts. 



Flood wall & pump station 
Pros: Lower ROW than levees 
 
Cons: Capital and maintenance 
costs 

Presenter
Presentation Notes
Flood walls and pump stations are part of a system that is expensive to construct and maintain, and require electricity to operate. 

They require a smaller right of way  than a levee, but are also only viable in sheltered areas like bays and estuaries. 



Tide gate 
Pros: Temp solution to tidal riverine flooding  
 
Cons: Cost, limited effectiveness over time 

Presenter
Presentation Notes
Tidal gates are structures that could be constructed in strategic areas that are somewhat enclosed to begin with. 

The barrier can be fixed in place and allow managed flow through a portal for water exchange, tidal function and navigation. 

Alternatively, it could be temporarily deployed just to head off the worst flooding during a storm surge.

They are very expensive, and have a negative impact on water quality and fish passage. 
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• Flood/sea walls 
• Levees/dikes 
• High tide gates 
• Rock rip-rap 

Hard  

• Ecotone Levees 
• Wetlands creation/enhancement 
• Engineered beaches shoreline Soft 

• Elevate structures 
• Raise grades 
• Lifestyle adaptation 
• Zoning changes 
• Planned retreat 

Infrastructure/ 
Lifestyle 



PROTECT 
Soft (nature-based) engineering 

Horizontal levee 

Wetland/ shoreline vegetation 

Dune restoration & 
Beach maintenance 

Offshore structure 

Presenter
Presentation Notes
Nature-based adaptation strategies include horizontal levees, wetlands, offshore structures such as artificial reefs, and dune restoration and beach maintenance.



Horizontal levee 
Pros: Uses landscape to attenuate 
waves, provides habitat 
 
Cons: Cost for earthwork, larger ROW 

Presenter
Presentation Notes
A horizontal levee is essentially a tidal marsh combined with an earthen levee on the landward side. 

Tidal marshes reduce wave hazards in sheltered waters, but are not a viable solution on the open Pacific coast except in estuaries and lagoons. 

They also require a significant amount of space and have not yet been implemented to our knowledge. 




Wetland/ shoreline vegetation 
Pros: Habitat improvement and 
flood reduction 
 
Cons: Large ROW required 

Campbell 

Giacomini Wetland Restoration, 2008 

Presenter
Presentation Notes
Wetlands dissipate wave energy and flood waters, and provide habitat to birds and other wildlife. 

They protect against temporary flooding, but will not prevent inundation of low-lying areas from sea level rise unless they are backed by a flood protection levee.

Residents of Point Reyes noted that Sir Francis Drake Blvd. does not seem to flood as frequently or severely since the Giacomini Wetland was restored in 2008.  




Dune restoration & beach maintenance 
Pros: Recreation and flood 
reduction benefits 
 
Cons: Costs for replenishment 

Presenter
Presentation Notes
Dune restoration and beach maintenance can provide protection against storm surges and maintain important habitat and recreational areas, but do not protect against permanent sea level rise. 

Depending on the frequency of maintenance activities, beaches and dunes can still erode over time. 



 
Aramburu sandy foreshore 
construction 2012 

Presenter
Presentation Notes
Now wait for the winter storms…



Placing larger wood groins – 
eucalyptus logs 



Aramburu engineered bay beach  
spring-summer 2013 
Winter storm gravel and shell 
berm persists 
 
Sand beachface slope 
accretes, steepens 

Sand partially buries winter 
storm berm 
 



Offshore structures 

San Rafael “Living Shorelines” 

Concrete  

Quarry rock  

Pros: Reduces waves impacts – more 
when structure is higher 
 
Cons: Costs to construct, maintain and 
limited effectiveness for SLR 

Presenter
Presentation Notes
Reduce storm impacts by providing a human-made underwater barrier to dissipate wave energy.
Environmental Impacts -- Potential impacts to offshore bottom species, promotion of nonnative species, alters habitat types from sand to rock.
Certainty of Success -- Mixed results, more certain in short term, uncertain in short to long term without placement of additional material.

Other beach protection strategies include offshore breakwaters, built parallel to the shore to reduce waves, and groins, which are perpendicular "riprap" — walls of rocks or interlocking concrete forms spanning the beach to a hundred feet offshore to prevent erosion.




Living Shorelines – Oysters/Reefs 
• Living shorelines project – 

M. Latta (CC) and K. Boyle, 
(SF State) 

• Off San Rafael 
• Multi-year successful 

project  

22 
www.sfbaylivingshorelines.org 
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• Flood/sea walls 
• Levees/dikes 
• High tide gates 
• Rock rip-rap 

Hard  

• Wetlands creation/enhancement 
• Engineered beaches shoreline 
• T-zone creation 

 

Soft 

• Elevate structures 
• Raise grades 
• Lifestyle adaptation 
• Zoning changes 
• Planned retreat 

Infrastructure/ 
Lifestyle 



ACCOMMODATE 

Elevate buildings 

New/ elevated road 

New floodable 
development 

Presenter
Presentation Notes
The second category of adaptation strategies include ways of accommodating development to sea level rise. 

Existing buildings and infrastructure, including roads, can be elevated. 

New floodable development can withstand flooding on the first floor and maintain functionality.



Elevate 
buildings 

Pros: Effective for storm flooding 
 
Cons: Costs, not effective for 
permanent tidal flooding 

Presenter
Presentation Notes
Elevating buildings is a viable option for the open coast, in the short term. However, access to the elevated buildings will still be an issue during flood events, or permanently with sea level rise.
 
Elevated development also alters the characteristics of shorelines and will need protection just like low-lying development. Its advantage is merely that it is not threatened by sea level rise for a longer time.

Shoreline retreat may expose building foundations to damage in future. 



Floodable  
development 

Pros: Potential solution that 
generates revenue 
 
Cons: Impacts from more 
development – higher 
density to pay for costs 

Presenter
Presentation Notes
Floodable development refers to buildings and infrastructure designed to resist damage by occasional or even periodic flooding. This could also be a back-up strategy in case shoreline armoring fails. 

New floodable development built to handle sea level rise may be designed to manage stormwater, both salt and fresh.

Allowing new floodable development at a higher density than what currently exists on Marin’s coast could generate revenue to implement other adaptation measures. 



New/elevated road Pros: Protects roads when 
designed correctly 
 
Cons: Very high cost, ROW 

Presenter
Presentation Notes
Elevating roads is an extremely expensive undertaking. Another expensive option is to relocate roadways to maintain access. 



RETREAT 

Retreat Rebuild here 

Z  

Post-storm 
prohibitions 

Stricter land use zoning 

Presenter
Presentation Notes
The third category of responses to sea level rise is Retreat, and in some cases relocation of critical infrastructure and buildings. 

Managed retreat safely removes settlement from encroaching shorelines, allowing the water to advance unimpeded. It involves abandoning, demolishing or moving existing buildings and infrastructure to higher ground. It also includes banning new development in areas likely to be inundated, and post-storm prohibitions. 






Managed  
Retreat 

Pros: Lower costs if no buyout 
 
Cons: Costs for buy-out and 
community impacts, new 
infrastructure 

Presenter
Presentation Notes
The "managed" part of retreating from the shoreline involves establishing thresholds to trigger activities such as demolishing buildings or abandoning efforts to control shoreline erosion. 

These thresholds can be coupled with buy-back programs to compensate property owners for loss, plus strict zoning and building codes that allow only certain types of relocatable or floodable structures.




Post Storm Restrictions and 
Stricter Land Use Zoning 

• No or restricted 
rebuilding after 
storms?  

• Rolling easements 
• Extra technical 

studies 
• Use of stricter codes 

(FEMA V) 
 
 

Z   

Presenter
Presentation Notes
One policy strategy is to restrict or prohibit building in hazardous areas after storms.

Rolling easements prevent hard structures and shoreline armoring, but otherwise don’t prohibit land uses. The easement rolls inland as sea level rises, maintaining an area of public shoreline. Structures may be moved elsewhere on the property, or elevated. 

FEMA is currently updating its coastal flood hazard maps, due out later this year.
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Communities of North Bay Island 

• Downtown Norbay 
• Eroding Cliff Heights 
• Mudflat Manors 
• Desolation Court 
• Shoreline Marina 
• Twig Cove 
• Seaspray Homes 

36 



Downtown Norbay 
• Commercial hub 

of the island 
• Protected by 

undersize levees 
and vulnerable 
to both riverine 
and tidal flooding 

37 

 



Eroding Cliff Heights 
 

• Residential 
community 
threatened by cliff 
erosion 

• Zoning and shoreline 
protection challenges 

38 

 



Mudflat Manor 
 

• Large residential 
community 
threatened by SLR 

• Vocal community of 
property owners 
demanding protection 

39 

 



Desolation Court 
• Small poor isolated 

community 
threatened by SLR 

• In danger of being 
cut-off from 
services 

40 

 



Shoreline Marina 
 

• Water-based 
commercial 
business and 
associated 
businesses 
threatened by SLR 

• In danger of being 
cut-off from road 
access at high 
tides 

41 

 



Curvey Cove 
 

• Historic Ag based 
community with 
access and crops 
threatened by SLR 

• In danger of being 
cut-off from road 
access at high 
tides 

42 

 



Seaspray Estates 
• Large vacation and 

second home 
community with 
access and homes 
threatened by SLR 

• In danger of being 
cut-off from road 
access at high 
tides 

43 

 



Costs $$$ 

Real World – costs are 
messy and depend on 
many factors  
+ planning & engineering 
+ permitting 
+ mitigation 
+ maintenance & repair 
 
Game World – costs are 
simpler one-time costs 
and given to you per unit 
(i.e. mile or # of buildings) 

 
 

 

Presenter
Presentation Notes
In the game world, costs are simpler per-unit estimates. We are including them in today’s exercise to get a flavor of the tradeoffs that governments and communities must grapple with in the adaptation planning process. 



Suggestions for the game 
• Start with one community: what’s at risk and 

what infrastructure is essential? 
• What must be protected to allow the 

community to function. What other options 
exist? 

• Adaptation options: discuss pros and cons of 
measures alone and combined - phasing 

• Consider: mitigation, permits, and funding; 
options that span more than one community 

• Add up the costs and stick your group’s 
measures on the board 
 

45 



Game over? 

1) Who in your organization is 
planning/strategizing around sea level rise?  

2) What other organizations are also 
planning/strategizing that you may need to 
coordinate with?  

3) What are the benefits or drawbacks of 
interagency discussion/planning/ 
strategizing?  

4) Any improvements or suggestions? 

46 



Environmental Protection Agency 
Game of Floods 
May 3, 2016 | www.marinslr.org 

Thank You 
 

Visit www.MarinSLR.org for more information 
 

R O G E R  L E V E N T H A L  
S E N I O R  E N G I N E E R  

4 1 5 . 4 7 3 . 3 2 4 9  
R L E V E N T H A L @ M A R I N C O U N T Y . O R G  

 
C H R I S  C H O O  

S E N I O R  P L A N N E R  
4 1 5 . 4 7 3 . 7 5 8 6  

C C H O O @ M A R I N C O U N T Y . O R G  
 Novato Creek at Highway 101. Credit: Marin County staff 

http://www.marinslr.org/
mailto:rleventhal@marincounty.org
mailto:Cchoo@marincounty.org
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