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Presenter
Presentation Notes
Thank you for coming out on this lovely morning. My name is Jack Liebster, Advance Planning Manager for Marin County’s CDA. Alos here with us today are  other CDA staff members:Alex Westhoff --  Brigit Van Bellegham  ---   Lauren Armstrong  ---   Kristin DrummRoger Leventhal of DPWAnd a number of other people who have volunteered as facilitators to help us all accomplish our goals today:And let’s talk about those goals – it’s right there in our project name – A collaboration – of you and our entire west Marin Community to  work together to, as the Scouts say Be Prepared – in this case,  for Sea Level Rise  and the changes in storms and flooding patterns associated with Climate Change.



Overview 
• Update on C-SMART 

• Adaptation Options 

• Game of Floods 

• Individual Workbooks 

• Next Steps 

 

Presenter
Presentation Notes
For those who have been at our previous meetings, our heartfelt welcome back.And for you joining for the first time, thank you so much for joining the process.I am going to provide a very brief update on what we’ve accomplished so far, then Roger Leventhal will describe some of the potential adaptation responses that could be applied.Then we are going to do a little exercise that we hope will be fun, but more importantly will provide some understanding of the choices we may be facing and the options available.And finally, we will take that information and begin and look at how it might apply in to the actual conditions in our own communities.



Evaluate 
Science Info. 

Identify 
Assets  

Assess 
Vulnerability 

Evaluate 
Adaptations 

Plan Action 

Implement & 
Monitor 

Sea Level Rise Adaptation Process 

Presenter
Presentation Notes
This  shows the steps of our initial  two-year  planning process.  I emphasize “initial” because we won’t have answers  to all the questions  after the first round, but we will be prepared to watch as conditions  change, monitor the effectiveness of initial measures we put in place , and learn from our experience to guide our next steps.Through our partnership with the Gulf of the Farallones National Marine Sanctuary (GFNMS) and the Our Coast – Our Future (OCOF) Project, we have been able to procure and use state-of-the-art modelling developed by the US Geological Survey (USGS) showing scenarios of  potential levels of sea level rise in the future, combined with four different intensities of storms, and identify the areas over time, that could be exposed to inundation and temporary flooding.In the second step, we sought to identify and map all the things we care about that could  be affected by sea level rise and associated climate disruption. These are called “Assets,” and include everything from  homes, schools, businesses, infrastructure and public services, to beaches, wetlands, oyster beds and other natural resources. We compiled information from the best sources available, then checked them with local knowledge through interviews with those responsible for each asset (“Asset Managers”) and  with many of you who participated in our community workshops or provided information through our website.   We are currently wrapping up the “Assess Vulnerability” stage, examining how each asset will be affected by rising waters in its own particular way. With today’s workshop, we are beginning to explore potential adaptation strategies.



Presenter
Presentation Notes
The infamous  storms of 1982 washed away 4 homes in the Stinson area through combined Ocean and creek flooding.This points out we must take into account 2 separate but interrelated factors: Inundation caused by the permanent sea level rise, and Flooding related to temporary storm and extreme events that occur on top of the higher water levels, and are expected to become more intense due to global climate disruption.



5 Stinson Beach winter storm of 1997 

Presenter
Presentation Notes
Winter storm of 1997 damaged homes along Marin’s coastline. Highlights that the problem is already here.



Rappaport Marin County DPW Stinson Beach parking lot Beach access at King Tide 

Presenter
Presentation Notes
These images are a glimpse into the future. Flooding that might occur rarely will likely be come more frequent,  with the water rising higher, and thus packing a more powerful punch. What we now experience at extreme tides could become the new normal.



Potential Future Sea Level Rise 

Presenter
Presentation Notes
Predictions and modelling involve uncertainties- and these grow wider as we go out in the future.But while we do not know exactly how much and when sea levels will rise, we know for certain that rise they will–and that is what we need to plan for.Our job is to be prepared.



Stinson Beach 
50 cm SLR 

 SLR only SLR + annual storm 

waves increase in height towards 
breaking zone (shoaling) 

breaker zone 

sea level rise 

tide difference 

seasonal effects 

storm surge 

wave set-up 

wave run-up 

Components of Coastal Water Levels 

Presenter
Presentation Notes
Our planning is concerned with the total actual water level at each stage in the future. That water level is the result of different individual components as shown in the figure. For any given stage of sea level rise the presence and intensity of storms and extreme events will dramatically affect what assets and resources become exposed to damage. For example, the figure on the lower left shows flooding associated with a 50 cm rise in seas level. The figure on the right shows the identical sea level with the additional, temporary flooding associated with the kind of storm that could be expected on an annual basis. So our planning takes into account that:Temporary storm flooding will be felt first, andPermanent inundation by rising seas will subject progressively greater areas as time goes on, while at the same time exacerbating the impacts of storm events. 



Mapping people; livelihoods; infrastructure, environmental, and 
economic, social, & cultural assets  

•Elderly/mobility 
limited facilities 

•Harbors and marinas 
•Archeological sites 

Asset Mapping & Inventory 

•Hotels/Motels 
•Trails 

Presenter
Presentation Notes
With some idea of where the water may go, we look to what is there. This is a beginning list of the things of value in the range of the oncoming ocean.  



Inverness 
Exposed 
Assets 

Presenter
Presentation Notes
We have compiled the information already available from  County databases, such as the footprints of residential and commercial buildings and the location of known habitat resources, and have added information obtained from our partner agencies and organizations, as well as members of the public who participated in our Community Workshops to “ground truth” this data with local knowledge.The resulting maps show where the assets are, and their physical exposure to hazard. 



Fall 2014 Public Workshops 

Stinson Beach, October 2014 Marin County CDA 

Presenter
Presentation Notes
A key part of this process is engaging with affected people, particularly the young people. It is to them, their children, and their children’s children for generations to come, that we so graciously will bequeath these challenges as their inheritance.  



Tam High SLR Adaptation Game 

Presenter
Presentation Notes
 We went to school, in this case Tam High, to pilot test our Game of Floods which is intended to illustrate the kinds of decisions we will face in the future.Now I’d like to turn it over to Roger Leventhal, Senior Engineer from Marin’s Department of Public works to provide an over view of some of the  Adapatation  Measures we could potentially employ to respond to SLR impacts.



Adaptation Measures 

1. PROTECT 

3. RETREAT 2. ACCOMMODATE 

Presenter
Presentation Notes
ROGER: The next phase of the C-SMART project is to identify and prioritize adaptation measures for Marin’s ocean coast. Today we’ll be playing the “Game of Floods”, an educational game located on “Marin Island”, to learn about the tradeoffs of various adaptation strategies. I’m going to give an overview of pros and cons of the strategies.This is a general overview of the options we can consider in its adaptation planning. The goal of C-SMART is to prioritize solutions for specific areas of Marin’s coast.For each strategy, we’ve estimated the cost, environmental impact, length of time it would provide flood protection. They are listed on the adaptation game piece reference sheet. I’ll briefly highlight the strategies, then we can do a practice round of the Game of Floods. 



Famous adaptors throughout history… 

Dutch Boy built protection 



Moses implemented phased managed retreat 



Noah went for accommodation  
(floodable structures)  



1. PROTECT 

Flood wall & Pump station 

Hard (Traditional) Engineering 

Seawall/Revetment 

Tidal 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
   

Seawall 

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. 



Failed “razor dike,” 
New Orleans (2005) 

Presenter
Presentation Notes
An unusually large storm event can also cause it to rupture like the levees in New Orleans during Hurricane Katrina, even if it has been well maintained.



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. 



Tidal 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. 



1. 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. 



Building the “Zandmotor” using a side-caster, in addition to slurry pipes : 2011  

Presenter
Presentation Notes
Example of beach construction in the Netherlands.



Rotterdam, The Netherlands 
The “sand engine,” hard at work widening beaches/dunes to the north and south. 

Presenter
Presentation Notes
Beach maintenance is environmentally debatable, depending on the source of the sand.



Offshore structures 

San Clemente artificial reef experiment   

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.



2. ACCOMMODATE 

Elevate buildings 

New/elevate 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/elevate 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. 



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

Presenter
Presentation Notes
Causeways can be designed to allow hydrological connection in areas where the road would otherwise impede the flow of water from upland to ocean. This is an artist’s rendering of the Bolinas wye as a causeway.



3. 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.



Costs $$$ 

Real World – costs are 
messy and depend on many 
factors  
+ planning & engineering 
+ permitting 
+ 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. 



39 

Presenter
Presentation Notes
Bridgit willl Overview Game of Floods – a role playing exercise to introduce you to adaptation strategies.Break into groups of 6, facilitator will guide you through process of selecting assets and choosing adaptation strategies to protect, accommodate or retreat from sea level rise.  Then, your group will discuss the tradeoffs of the various strategies and any conflicts that may arise. We’ll tally the estimated costs and report back to the larger group at the end.



Next Steps 

• Host a Game Night!  
 
• Publish Vulnerability Assessment 
 
• Next workshops in Fall 2015 
 
• Draft Adaptation Plan and Local Coastal 

Program (LCP) Amendment 

 



Community Development Agency 
3501 Civic Center Drive, Suite 308 
San Rafael, CA 94903 
415 473 6269 T / 415 473 7880 F 
marinslr.org 

WWW.MARINSLR.ORG 

Presenter
Presentation Notes
We all want a better future for our kids. Please join us in planning for SLR. If you can’t make it to our meeting, there are many ways to contribute your knowledge and ideas. Our website has links to all of the exposed asset maps, and you can participate in a survey on Open Marin about SLR impacts. The next phase of our study will be to evaluate and prioritize adaptation strategies. The more people know about these options to prepare for SLR, the more public support and funding we can garner to implement solutions and be a resilient coastline. 
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