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PRESS *6 TO MUTE 
 
PRESS #6 TO UNMUTE 
 

PLEASE MUTE 
YOUR LINE!  
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WEBINAR – 
PLEASE 
PARTICIPATE 
 
 
SPEAK OR TYPE 
QUESTIONS 



What Time 
1. Open & Updates 
• Coastal Armoring Data 
• Impacts of Desalination 
• Network Website & Pledge 

10:00 – 10:10 

2. Presentation by: 
• Kelly Leo, TNC 
• Bob Battalio, ESA 
• Dr. Walter Heady, TNC 
• Dr. Phil King, SFSU 

10:10 – 11:00 

3. Discussion & Q&A 11:00 – 11:25 

4. Next Webinar & Close 11:25 – 11:30 



OPC Letter 
 

Coastal Armoring Database 



How would an accurate 
coastal armoring data set 
be helpful for your work?  
 





















What other features 
would you like to see on 
the website? 



Kelly Leo, The Nature Conservancy 
Bob Battalio, Environmental Science Associates (ESA) 
Dr. Walter Heady, The Nature Conservancy 
Dr. Philip King, Economist, SFSU 

Economic Impact of Climate Adaptation 
Strategies for southern Monterey Bay 



INTRODUCTION 
 
Kelly Leo, The Nature 
Conservancy 



 



PEOPLE NATURE MONEY 

$ 



This is BIG news,  
spread the word! 







Step 1: Stakeholder Engagement 



Step 2: Physical Modeling 

Photo credit: Associated Press 



Step 2: Physical Modeling 

Photo credit: Doug Smith 



Step 2: Physical Modeling 

Photo credit: Dan Hill 



Step 2: Physical Modeling 



Step 3: Beach Ecosystem Index 



Step 3: Beach Ecosystem Index 



Step 4: Economic Analysis 



Step 5: CoastalResilience.org 



Any questions so far? 



SHORE RESPONSE 
TO SLR & 
ADAPTATION 
APPROACHES 
 
Bob Battalio, ESA 



Reaches 



Shoreline Response – Hold the Line 



Shoreline Response – Allow Erosion 



Sea level rise scenarios 



Potential Erosion by 2050 



Scenario Modeling 
Del Monte – Monterey  



Scenario 
Results for 
2100 with high 
sea level rise 
projections 



Scenario Modeling: Del Monte 



Del Monte 

Maps, ecology and 
economics based on 

modeling of shore changes 
in terms of  

Location of shore and backshore 

Beach width 

Intertidal width 



Shore Face Morphology 
 

The beach is a sediment reservoir: 
Width changes with volume. 

The  shoreface is shaped by waves and 
water levels and is dynamic. 

Elevation of 
cliff or dune junction  
with the beach  



Elevation of 
cliff or dune junction  
with the beach   
(aka “toe elevation”) 

Tide 

Run up 

Total Water Level = Tide + Set-up + Runup 

Breaking wave momentum 
causes wave setup and runup 

Bluff erosion increases with  the extent 
and duration of total water level above toe 
elevation 

Bluff Recedes   

Soft Bluff = Bluff recedes rapidly, little change in 
potential beach width and toe elevation (relative to 
water levels) 
Hard Bluff  = Erosion slow but potential increases, 
beach width decreases, toe elevation  decreases, 
(relative to water levels) 

Conceptual Model of Bluff Erosion 
 



Elevation of 
cliff or dune junction  
with the beach   
(aka “toe elevation”) 

Tide 

Bluff erosion increases with  the 
extent and duration of total water 
level above toe elevation 

Two-Line Shore Response Model  
Tracks Beach Width 

Backshore line (dune, bluff, etc.) 

Shore line 

Beach width varies, and changes backshore 
erosion rate 

Used for SF RSM and  
Southern Monterey Bay Climate Ready 



Any questions for Bob? 



BEACH 
ECOSYSTEM 
INDEX 
 
Dr. Walter Heady 



1km2 

Beach Ecosystem Index Score 



Beach Ecosystem Index Score 

Average of 3 components: 
 
• BI = (PC + BC + HI) / 3 
 

1. PC – Physical  
 

2. BC –Biotic 
 

3. HI – Human Impact 
 

1km2 



Physical Component 

 

Dunes Vegetated 
Dunes 

Long-Term 
Erosion Rates Beach 



Biotic Component Birds  
Abundance 

Bird  
Richness 

Snowy plover 
nest counts 



Human Impact Component 

 

Armor Urbanization 



Beach Ecosystem 
Index Score for 
each reach 
 

• BI = (PC + BC + HI) / 3 

 

• PC – Physical  

 

• BC –Biotic 

 

• HI – Human Impact 

 



 Ecosystem Indices for each Adaptation Strategy 

1. Hold the line 
2. Beach nourishment (set 

schedule) 
3. Beach nourishment (as 

needed) groins 
4. Beach nourishment 

(large) 
5. Allow erosion 



Ecosystem Indices for each Adaptation Strategy 

Physical Component - changed: 
- Beach area 
- Dune area 
- Vegetated dune area 

Biotic Component - used: 
 
 
Human Impact - unchanged 

Physical 

B
io

tic
 

1. Hold the line 
2. Beach nourishment (set schedule) 
3. Beach nourishment (as needed) 

groins 
4. Beach nourishment (large) 
5. Allow erosion 



 

Ecosystem Indices for each Adaptation Strategy 

Physical Component - changed: 
- Beach area 
- Dune area 
- Vegetated dune area 

Biotic Component - used: 
 
 
Human Impact - unchanged 

Physical 

B
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tic
 

1. Hold the line 
2. Beach nourishment (set schedule) 
3. Beach nourishment (as needed) 

groins 
4. Beach nourishment (large) 
5. Allow erosion 



 

Ecosystem Indices for each Adaptation Strategy 

Physical Component - changed: 
- Beach area 
- Dune area 
- Vegetated dune area 

Biotic Component - used: 
 
 
Human Impact - unchanged 

$ 

1. Hold the line 
2. Beach nourishment (set schedule) 
3. Beach nourishment (as needed) 

groins 
4. Beach nourishment (large) 
5. Allow erosion 

Physical 

B
io

tic
 



Any questions for 
Walter? 



ECONOMIC 
ANALYSIS 
 
Dr. Philip King, SFSU 



Economic 
Benefits/Impacts 

• Recreational Benefits 

• Loss of Land/Property 

• Ecological 
Losses/Benefits 
 
 

Flood Depth Grid 

7’ 8’ 6’ 4’ 6’ 6’ 2’ 



Recreational Benefits 

• As part of the study we: 
• Surveyed Visitors 
• Conducted Periodic Counts 
• Applied “Benefits Transfer” from other 
beach studies in California 

• Estimated the recreational Value of each 
Reach 

• CSBAT model incorporates Beach Width as 
an amenity 



Loss of Land / 
Property 

• Parcel-by-parcel 
analysis 

• Updated County Parcel 
Data to reflect market 
values 

• Estimated Cost of 
Building Replacement 

• Evaluate flood depth 

• Used USACE Depth 
Damage Curves 



Valuing Coastal 
Ecosystems 

• Used 3:1 Offset 
Ratio 

• Calibrated using 
beach ecosystem 
index score  

• Used Average Cost 
of Beach Restoration 



Summary of Methods 



Del Monte 

$0

$50

$100
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Scheduled
Nourish

Nourish w/
Groins

Allow
Erosion

Shoreline
Armoring

2030 (22 cm) $48,100,000 $10,600,000 $47,300,000 $15,000,000
2060 (72 cm) $128,600,000 $72,400,000 $122,100,000 $43,900,000
2100 (159 cm) $214,500,000 $188,700,000 $165,000,000 $26,400,000
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Sand City 

-$200

-$150

-$100

-$50

$0

$50

$100

$150

Allow Erosion Nourish as
Needed

Shoreline
Armoring

2030 (22 cm) $33,100,000 $9,500,000 -$40,500,000
2060 (72 cm) $103,100,000 $92,300,000 -$106,600,000
2100 (159 cm) $144,800,000 $63,700,000 -$163,200,000
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Marina 

-$1,000

-$800

-$600

-$400

-$200

$0

$200

$400

Allow Erosion Shoreline Armoring
2030 (22 cm) $32,300,000 -$263,200,000
2060 (72 cm) $119,700,000 -$600,000,000
2100 (159 cm) $207,600,000 -$826,000,000
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Moss Landing 

-$1,000

-$800
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-$200

$0

$200

Allow Erosion Shoreline Armoring
2030 (22 cm) -$72,800,000 -$388,000,000
2060 (72 cm) $1,100,000 -$755,800,000
2100 (159 cm) $147,500,000 -$975,000,000
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Sensitivity/ 
Robustness 

• We changed the Value of 
Key Parameters to see if it 
would change our results 

 

• For every reach except Del 
Monte, Shoreline Armoring 
had Lowest NPV under a 
wide variety of 
Assumptions 

 

• Nourish w Groins 
sometimes Lowest in Del 
Monte 



Any questions for Phil? 



TAKE-AWAYS &  
NEXT STEPS 
 
Kelly Leo, The Nature 
Conservancy 



NON-ARMORING & NATURE-BASED 

SOLUTIONS ECONOMICALLY OUTPERFORM 

SHORELINE ARMORING  

 



BEACH NOURISHMENT YIELDS BENEFITS 

FOR SOME LOCATIONS, IF SAND IS 

AVAILABLE & AFFORDABLE 

 



MANAGED RETREAT IS AN 

ECONOMICALLY SMART STRATEGY 

 



PLANNING AHEAD IS REALLY IMPORTANT 

 



PEOPLE NATURE MONEY 

$ 





Kelly Leo, The Nature Conservancy 
Bob Battalio, Environmental Science Associates (ESA) 
Dr. Philip King, Economist, SFSU 
Dr. Walter Heady, The Nature Conservancy 

DISCUSSION 



Nate Wood, USGS 
Susi Moser, Susanne Moser Research & Consulting 
 
June 15, 2016  10:30AM – 12:00 

SOCIAL VULNERABILITY & DEMOGRAPHIC 
ISSUES IN COASTAL ADAPTATION 
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THANK YOU! 
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