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Goals of TAC Meeting 1 

1. Brief update on previous and parallel efforts 

2. Review project deliverables and gather input 

3. Review SLR scenario selection 

4. Discuss vulnerability/impact methodology 

 



Project Partners 
• Ocean Protection Council: funder 

• CCWG/Moss Landing Marine Labs: project management and coastal resource 
assessment  

• Coastal Conservation and Research: contract administrator  

• Monterey County: contract lead and policy guidance 

• Santa Cruz County: policy guidance and project support 

• City of Capitola: policy guidance and project support 

• Center for Ocean Solutions: website, policy, and inter-county coordination 

• Natural Capital Project: ecosystem services 

• ESA and Revell Coastal: coastal impact modeling 

• TNC: adaptation planning and policy  

 

 

 



Scope of Work 

Provide initial steps to applying Coastal Commission 

Guidance on assessing vulnerabilities and adaptation 

strategies to help inform municipalities and aid LCP updates. 

 



Scope of Work 

Project Area:  

o Santa Cruz and 

Monterey County: 

Ano Nuevo to Wharf II 

o LCP segments 

o Focus areas at Moss 
Landing and Capitola 

 



Scope of Work 

Project Goals:  

 

• Identify what critical coastal infrastructure will be compromised due 

to SLR for time horizons 2030, 2060, and 2100.  

• Identify how fluvial processes will increase flooding risk to coastal 

communities in the face of rising seas.  

• Define appropriate response strategies for these risks and discuss with 

regional partners the programmatic and policy options that can be 

adopted to address these risks to the region.  



Scope of Work 

Project Process and Products: 

• Vulnerability Analysis for entire 

Monterey Bay (Ano Nuevo to 

Wharf II using ESA PWA 

hazard maps 
o Inventory of water control structures 

o Table of land use/infrastructure impacts 

o Report of vulnerable structures and land 

uses 

o Temporal risk maps 

o Evaluation of coastal protection 

structures 

 

 

 

 
 

 

 



Scope of Work 

Project Process and Products: 

• Fluvial impact report for Capitola and Moss Landing 

• Santa Cruz and Monterey coastal vulnerability 

report 

• Evaluation of protection and adaptation options 

• Stakeholder policy discussion 
 

 

 

 
 

 

 



Outcomes 

• Vulnerability Assessment (quantified) 
o Coastal hazards, erosion, wave overtopping, inundation 

o Coastal confluence flooding hazards 

 

• Expanded review of adaptation strategies and 

temporal impacts (primary and secondary) 
o Relative cost, effectiveness, life span and lead times 

o Expand “soft” land use policies 

 

• Adaptation and Policy Evaluation  
o Policy links- other CA examples 

o cliff adaptation strategies 

 



Related Studies 

• Coastal Regional Sediment Management Plan 
(2008) 

• Pacific Institute SLR Report (2009) 

• Technical Evaluation of Erosion Mitigation 
Alternatives (2012) 

• Sea Level Rise Modeling and Mapping  (2014) 

• Opportunistic Sand Placement Program (ongoing) 

 

• Adapt Monterey Bay (TNC led); Climate Ready 
Grant Funded 

• Sonoma and Marin Counties SLR analysis (OPC) 

 

 



Adapt Monterey Bay 
Analyzing the economic Impact of Climate Adaptation 

Strategies for Southern Monterey Bay 

• Work with stakeholders to develop feasible alternative strategies for managing 

impacts of sea level rise on social, economic and ecological assets; 

• Model the physical and economic impact of the strategies on the coastline 

under several potential future sea level rise scenarios at 2030, 2060, and 2100;  

• Integrate the results of this analysis into a user-friendly, online decision-support 

tool that will provide access to coastal hazard scenarios and asset data in 

service of adaptation planning and project implementation; and 

• Promote regional dialogue and collaboration in furtherance of updating 

Local Coastal Programs to manage the impacts of sea level rise and coastal 

hazards. 

 



OPC Funded SLR Parallel Projects 
Approaches from Marin & Sonoma 

Sonoma County 

• Have not yet begun 

contracted work on LCP SLR 

grant 

 

• Primary interest is in ensuring 

agreement with 

neighboring counties and 

presenting scenarios that 

are easy to understand 

Marin County 

• Initial approach based on 

40 SLR scenarios from OCOF 

CoSMoS* analysis 

 

• Through stakeholder 

engagement and local 

advice, they selected 6 

scenarios for further 

planning and analysis. 

* Coastal Storm Modeling System 



ESA Sea Level Rise Study: 
Monterey Bay Coastal 

Hazard Layers 
 

Methods 



Monterey Bay Sea Level Rise Study 
Coastal Erosion and Flood Maps 

For use in Impact Analysis in support of  

 

Monterey Bay Sea Level Rise Adaptation and 

Policy Project 

 

 
January 10th, 2015 

 

Bob Battalio, P.E  

David Revell, Ph.D. 

James Gregory, P.E. 

. 

E. Vandebroek, 2012 



Introduction 

• Hazard Maps already produced (Dave Revell will describe) 

 

• This Study with MLML et al: 

– Refine maps to better represent coastal structures 

– Add river flooding (James Gregory will describe) 

– Apply to support assessment of asset vulnerability 

 

• Associated project underway 

– TNC southern Monterey Bay coastal adaptation measures 

 

• Key ESA staff - contacts: 

– James Gregory – Project Manager, River hydraulics 

– David Revell – Technical Expert (Independent Contractor – aka Revell 

     Coastal) 

– Bob Battalio – Coastal Engineer 

 

 

 

 

 

 

 



 Model Inputs 
• Physical Forces 
– Offshore wave/ climate 

“scenarios” 

– Transformed nearshore waves 

– Tides 

– Total Water Levels 

• Backshore Characterization 
– Geology 

– Geomorphology (slopes, 
heights) 

– Backshore type (cliff, dune, 
inlet, armored) 

– Historic erosion rates (short 
term, long term) 

– Coastal Armoring 

– Topography 

 

 

Scale of Analysis ≤500m 



Assumptions  

• No inclusion of management strategies (e.g. armoring) 

• No modeling of fluvial processes (coastal confluences) 

• Surface hydraulic connections only 

• No groundwater connection 

• Equilibrium profile response 

• Flooding based on historic observed event rather than a 

single “event” with a set return interval – 100yr 

• Topography captured in LIDAR representative of existing 

conditions 

 

 

 

 

 



Planning Horizons: 

• 2010, 2030, 

2060, 2100 

Sea Level Rise: 

• Low: 0.41 meters by 2100  

• Medium: 0.88 meters by 2100 

• High: 1.59 meters by 2100 

 

 

 

 

Scenarios 



 Model Outputs 

1. Erosion Hazard 

Zones  
Future erosion increases 

hydraulic connection and  

risk of flooding  

 

2. Coastal Flooding  
inundation during 

extreme coastal events 

(integrated with erosion) 

 

3. Rising Tide Zones 
inundation during 

monthly extreme tides 

[not shown] 

 

    

    

 

 

 

 

 

 

 

 



Example Flood Hazard Zones 



Evaluating Uncertainty: Spatial Aggregation 



Dune Erosion Model  

•3 components – 

1. Changes in TWL from SLR combined with shoreface slope 

2. Historic shoreline trends (USGS, updated with 2005, 2009, 2010) 

3. Impact of a “100 year storm event” 

Dune Erosion Components 



Example Dune  

Hazard Zones 

2100 + storm 

2100 

2060 + storm 

2060 

Existing 

storm HZ 

2030 

2030 + storm 



•Prorated acceleration of historic erosion rates 
based on increases in the duration of wave attack 
at various elevations 

• Include geologic unit standard deviation x planning 
horizon to account for uncertainties in alongshore 
variability 

 

Cliff Erosion Model 



Example Cliff Hazard Zone 

2100 + stdev 

2100 

2060 + stdev 
2060 

Existing (5m) 



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: 

•Soquel Creek 

•Salinas River 



Case Study: Ventura River Modeling 



Soquel and Salinas Rivers 



Lower Salinas River and salinas river drainage canal 

 

http://ccows.csumb.edu/wiki/index.php/Lower_Salinas_River_Watershed  

http://ccows.csumb.edu/wiki/index.php/Lower_Salinas_River_Watershed


http://sanctuarysimon.org/monterey/sections/other/sporadic_flood.php 



Soquel Creek Watershed 
https://localwiki.org/santacruz/Soquel_Creek/_files/Soquel_Watershed.jpg/_info/  

https://localwiki.org/santacruz/Soquel_Creek/_files/Soquel_Watershed.jpg/_info/


SLR Scenario Selection 



State Guidance 



NRC 2012 



Comparison with parallel studies 

• Marin County 

• Sonoma County 

• Adapt Monterey Bay 

Project (TNC) 

• Local partners 

 



• Awaiting confirmed contract with Ocean Protection 

Council 

• Analysis is focused on 2030, 2050, 2100 scenarios from 

NRC 2012 report. 

• Obligation to look at “reasonable worst-case scenario” 

• CoSMoS analysis expanding to coast in summer 2015 

Overall, Sonoma would like to ensure agreement in 

scenario selection with neighboring counties in a 

representation that is easily understood by the public. 

 

Sea Level Rise Scenarios: 
Sonoma County 



Sea Level Rise Scenarios: 
Marin County 

40 different SLR scenarios 

 

* Marin County selected SLR scenarios 



Sea Level Rise Scenarios: 
Adapt Monterey Bay (TNC) 

• Mid and high scenario for 2030, 2060, and 2100 



SLR Local Partner Input? 

• Additional freeboard 

• Update to FEMA flood 

maps 

• Hazard Mitigation Plan 

Updates 

(fl.stormsmart.org) 

http://fl.stormsmart.org/before/regs/using-freeboard-to-elevate-structures-above-predicted-floodwaters/


Monterey and Santa Cruz 
Scenarios and Impacts 
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• Erosion Projection 
o Longterm: A continuation of historic erosion with additional erosion 

caused by sea level rise. Does not include potential impacts of a large 

storm 

o Wstorm: Includes long-term erosion and the potential erosion of a large 
storm event (e.g. 100-year storm) 

 

• Future erosion scenario 
o NoChange: A continuation of existing wave climate 

o Stormier: Increased storminess (doubling of storm intensity in a decade) 

o Stopmining: Stop sand mining (only applies to southern Monterey 
Bay)stormier 



Process/Impact 
Cliff Erosion Dune erosion  

Rising tides Storm flood impacts 



Cliff Erosion 
• Cliffs- storms drive majority of the erosion impact 

 

SLR scenarios play small  
role in cliff erosion rates 

Larger storms = more erosion hazards 

2100 all scenarios 
with storms 



Rising Tides 

Extreme SLR scenario predicts greater flooding after 2060 

 



Coastal Storm flood 

For Capitola - very little  
difference between scenarios 

For Capitola - very little  
difference between years for scenario 3 



Santa Cruz and Monterey Scenario 
Recommendations 

no 
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? 

Precipitation assumptions for fluvial analysis? 

• A1, B1 (Cayan 2009) 

• Plus or Minus 30% 

• USGS 2013 

? ? ? 

? ? ? ? 

? 



Impact Assessment 
Methodology 





Impact Assessment Methodology 

• Step 1: Vulnerability Assessment without coastal 
protection (all hazards) 

 

• Step 2: Integrate coastal protection layer- assume 
structures protect for period of time 

 

• Step 3: Project future coastal structure failure w/wo 
replacement (2030, 2060, 2100) 

 

• Step 4: Assess relative risk level using aggregate 
hazard data layer (number of scenarios impacting) 

 

 



Possible GIS Data Layers for Analyses 

Infrastructure 
 Roads/highways/bridges 

 Utilities  

 Water control structures 

 Emergency service  

 Schools 

 Contaminated sites 

 

Land Uses  
 Parks 

 Coastal Access 

 Property boundaries /parcels 

 Easements 

 Beaches 

 Wetlands 

 Dunes 

 Industry 

 FEMA - Repetitive Loss Inventories 

Coastal Structures 
 Sea Walls 

 Revetments 

 Breakwaters/groins 

 Levees 

 

Resources 
 Urban Development footprints  

 LCP planning designations 

 GP growth boundaries 

 Redevelopment Zones 

 River mouth habitats 

 ESHA 

 Prime Ag Land 

 ASBS 

 Cultural resources 

 

Social Vulnerability 
 Demographic overlays 

 Disadvantaged community 

 

 

 



Subset of GIS Data Layers  
Used for Example Analysis 

Hazard Layers 

• Dune Erosion 

• Cliff Erosion 

• Rising Tides 

• Coastal Storm Flooding 

 

Land Use Layers 

• Building Footprints 

• Agricultural 

• Coastal Protection Structures 

 



Walk through of Analysis 

• Goal: to identify and inventory potential land use threats given  

SLR hazard model results 

• Focus Area: Capitola (cliff erosion, tides, storm flooding) and 

Moss Landing (rising tides) 

• Base Layers subset: building footprints, agriculture lands 

• Time Horizons: Existing condition, 2030, 2060, 2100 

• Hydrologic connectivity (select all areas that are hydraulically 

disconnected or uncertain) are they connected or not by 
water control structures 

 



Capitola Focus Area 



Building footprints derived  
from LiDAR 
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Year 2100 
SLR 159 cm 
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Year 2030 
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Moss Landing Focus Area 
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Questions for Discussion: 

• Proposed SLR Scenario selection (agree?) 

• How can vulnerability reports best aid counties 

and coastal commission? 

• How is it most useful to break down these 

analyses?(county, LCP, city, etc.) 

• How do we determine threshold of vulnerability? 

• How do we determine when coastal protection 

structures fail? 

• If we assume protection structures fail, do we then 

assume they are replaced? 

 

 

 



Next Steps 

• TAC Review of Draft Methodology Document 

• Next TAC meeting: Summer? 

o Risk and adaptive capacity 

o Adaptation responses 

 

 



Risk and Adaptive Capacity 

Risk= Consequence x Likelihood 

Consequence= Impacts x Adaptive Capacity 

 

• Impact:  
o Temporary event 

o Replacement 

o Total Loss 

 

• Adaptive Capacity 
o Based on current coastal protection 

o Adaptive design 

 

• Likelihood 
o #of scenarios and time horizons 



Adaptation Response Evaluation 

 

 

Coastal 
Vulnerability 

Process 

Response 
Option 

Longevity Cost Secondary 
Consequences 

Legal hurdles 

Coastal Storm 
Flooding 

Wall (protect)     

Sand barriers     

Raise house 
(adapt) 

    

Bluff/sandy 
shore Erosion 

Wall (protect)     

Sand barriers     

Cliff erosion 
Wall (protect)     

Sand barriers     

Tidal flooding 
Wall (protect)     

Sand barriers     

Wave impact 
Wall (protect)     

Sand barriers     

 


