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Acronyms and Abbreviations 
BCA  Benefit Cost Analysis 

BCR  benefit to cost ratio 

BWA  Beach Width Analysis 

CAA  Coastal Armoring Alternative 

CCSM  Community Climate System Model 

CNRM  Centre National de Recherches Météorologiques 

CRV:  Coastal Resilience Ventura 

DIVA  Dynamic Interactive Vulnerability Assessment 

DOF  Department of Finance 

dSAY  Discounted Service Acre Year 

EBA:  Engineering Based Adaptation 

EIA  Economic Impact Analysis 

EMHW  Extreme Monthly High Water  

EPA  US Environmental Protection Agency 

FEMA  Federal Emergency Management Agency  

F-RAM  Flood Rapid Assessment Model 

GDP  Gross Domestic Product 

GFDL  Geophysical Fluids Dynamics Laboratory 

GIS  Geographic Information Systems 

HEA  Habitat Equivalency Analysis 

HSIs  Habitat Suitability Indices 

IPCC  Intergovernmental Panel on Climate Change 

NBA:  Nature Based Adaptation 

NBVC:  Naval Base Ventura County 

NCAR  National Center for Atmospheric Research 

NESA  Net Ecosystem Services Analysis 

NOAA  National Oceanic Atmospheric Administration 

NPV  Net Present Value 

NRC  National Research Council 

PCM  Parallel Climate Model 

SAYs  Service Acre Years 
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SLAMM: Sea Level Affecting Marshes Model 

SLR:  Sea Level Rise 

TNC:  The Nature Conservancy 

USACE  US Army Corps of Engineers 

USFWS United States Fish and Wildlife Service 

VWRF  Ventura Water Reclamation Facility 
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Figure ES-1: Net Present Value of Costs and Benefits of CAA and NBA Scenarios from 
2014 to 2100 (Assuming a 3% discount rate, and Storm = 1% Chance per Year) 

The two adaptation scenarios reduce these damages by 66 percent and 76 percent respectively 
for the NBA, and the CAA. However, the NBA approach provides ecosystem service benefits in 
terms of preserving or restoring the natural functions of the ecosystem such as water storage 
and treatment, production and protection of wildlife, prevention of beach erosion, and other 
natural ecosystem services. The analysis suggests that compared with the CAA, the NBA 
produces and additional 44,000 service-acre years (SAY) of ecosystem services, where one 
SAY is equivalent to the services from one acre of salt water wetland for one year. 

The question of which adaptation strategy is preferred is complex and will depend on a number 
of site-specific variables. This research demonstrates that an NBA alternative may be 
economically preferred, depending on the value assigned to the ecosystem services. Under the 
example assumptions described above, if the value of one SAY was equal to about $3,000, then 
the NBA alternative would provide a greater level of net benefit than the CAA.  

The value of a SAY has been estimated by many different researchers, with results ranging 
from a few hundred dollars to more than $35,000. Estimates will vary by community, by features 
of the wetland, services provided, and the availability of similar wetland sites in the study area. 
While estimating a monetary value for a SAY for saltwater wetlands in Ventura County is 
outside the scope of this work, the effort might also produce a result that would be satisfactory 
to some, but controversial to others.  For both reasons, an alternative approach is employed for 
this research.  This approach quantifies the level of service provided under the NBA and CAA 
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strategies, and allows decision makers to explore how the preferred strategy would differ 
depending on the value of the ecosystem services.    

Figures ES-2 and ES-3 show how the addition of the ecosystem service values can be brought 
into the decision making process. In Figure ES-2, the net benefits are shown in the reddish 
color. Net benefits are the difference between the benefits and costs shown in Figure ES-1. The 
value of a SAY (using $3,500 as the value of the service acre year of wetland) are shown in the 
green column. Figure ES-3 shows the comparison between approaches when ecosystem 
services are added into the total net benefit calculations. 

Figure ES-2: Net Present Value of Net Benefits of CAA and NBA Scenarios from 2014 to 
2100 (Assuming a 3% discount rate, and Storm = 1% Chance per Year) and Value of 
Ecosystem Services Assuming $3,500 for the Ecosystem Services Provided by One Acre 
of Saltwater Wetland for One Year 
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Figure ES-3: Total Net Benefits of CAA and NBA Scenarios from 2014 to 2100 (Assuming 
a 3% discount rate, Storm = 1% Chance per Year, and $3,500 per Service Acre Year)  

Conclusions 
This research shows an effective way to make climate change adaptation decisions by blending 
environmental gains and losses with traditional monetary metrics in a theoretically consistent 
manner. The results also suggest that nature-based approaches to climate change adaptation 
can provide benefits in terms of damages reduced that are comparable to coastal armoring 
approaches. Conclusions include: 

• The benefits are expected to exceed the cost using a three percent discount rate for the 
coastal armoring adaptation (CAA) strategy.  

• The benefits are also expected to exceed the costs under the same assumptions for the 
nature-based strategy (NBA).  

• If the value of the services of a saltwater wetland for one year is assumed to be greater 
than $3,000 per acre per year, then the NBA approach produces greater net benefits 
than the CAA approach.  

This research has been developed in conjunction with stakeholders, and is intended to inform 
municipal decision makers about climate change adaptation choices. To this end, the research 
product has been structured to allow local decision makers to explore which alternatives 
perform the best across a variety of flexible assumptions. In particular, results should be 
explored using different assumptions about 

• the future frequency of large storm events,  
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• the discount rate used in the analysis, and  

• the monetary value of a SAY.  

The analysis includes estimates for wave damages, which has not been extensively studied 
before in economic terms.  The work does not include damages associated with storms at 
frequencies other than the one percent chance storm which was modeled in prior research for 
Ventura County.  As such, these results may be considered a low estimate of damages and a 
low estimate of the benefits from adaptation.  
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1 Introduction 
Annual global emissions of greenhouse gases have already exceeded the worst case scenarios 
modeled by the Intergovernmental Panel on Climate Change. California’s communities are 
beginning to develop plans to respond to impacts being generated by the degree of climate 
change to which we have already committed ourselves. 

Among the many potential impacts from climate change, a particularly worrisome component for 
coastal areas is the issue of sea level rise (SLR). Global indicators suggest that sea levels, 
which had been stable for over 2,300 years, began to rise in the 19th century. Satellite imagery 
suggests that since 1993, sea levels have been rising at a rate of about 3 mm per year 
(http://www.climate.org/topics/sea-level/#sealevelrise). While there is debate as to the 
magnitude and rate of increase in specific locations,  the risk and the potential for loss of 
habitat, physical property, infrastructure and other assets is clear.  

Currently, proposed responses to climate change-induced SLR are often focused on defensive 
engineering or ‘hard responses’ such as building dams, levees and channels to control flooding, 
and building or reinforcing seawalls to protect from SLR. Such engineered responses may be 
necessary in some instances, but they will not be sufficient to address the full scope of climate 
change impacts and can cause their own impacts to natural systems.  

Alternatively there are methods that increase the capacity of the natural environment to respond 
to, and buffer the effects of climate change. These “green” methods may achieve the same goal 
as engineered responses, while improving overall service flows provided to the communities. 
For example, preserving, restoring, or constructing wetlands that attenuate a storm surge is one 
natural strategy to protect inland areas, while providing habitat and water treatment services at 
the same time. In addition, improving nature’s ability to provide these services could potentially 
present a more cost-effective and long-term management response when compared with ‘hard,’ 
engineered, or “grey” responses.  

As state and local planners begin to consider specific responses, The Nature Conservancy 
(TNC) is working to better understand when, where and under what circumstances nature-
based adaptation strategies can be an effective alternative to coastal armoring. Activities like 
wetland conservation, flood plain restoration, and riparian reforestation can help human 
communities adapt to climate change while also helping to preserve the natural systems upon 
which we rely.  

ENVIRON and ESA PWA were retained by TNC to explore the question of whether nature‐
based interventions (i.e. using nature’s existing processes and services) could reduce risk to 
communities from climate change threats more cost-effectively than deploying additional “hard” 
or engineered responses. 

1.1 Study Area  
TNC has a long history of working with coastal communities in Ventura County and has 
developed a decision-support network, Coastal Resilience, which provides tools and information 
to better inform stakeholders on climate change and disaster risk reduction, while emphasizing 
the important role of ecosystems in this process. This approach has been adopted in a variety of 
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– 7 polygon shapefiles: existing conditions, 3 planning horizons x 2 SLR scenarios 

2.1.3 Rising Tide Inundation Zones 
These zones show the area and depth of inundation caused only by rising tide levels and not by 
storm. This is known as the potential inundation area of Extreme Monthly High Water (EMHW). 
The GIS files contain:  

• 10 polygon shapefiles: existing conditions and 3 planning horizons, 3 SLR scenarios 

– Depth of water within the rising tide inundation zone (in meters) 

– 10 rasters (5 meter cell size): existing conditions and 3 planning horizons x 3 SLR 
scenarios, erosion, or river discharge. 

2.1.4 Coastal Storm Wave Impact Area 
This impact area is one component of the coastal storm flood hazard zone (similar to FEMA V-
zone) and is characterized by an increased wave momentum that could rush inland and cause 
considerable damage.  

• Flooded areas within the wave impact zone 

– 10 polygon shapefiles: existing conditions and 3 planning horizons x 3 SLR scenarios 

2.1.5 Coastal Storm Flood Hazard Zones 
This hazard zone maps two types of flooding caused by coastal processes: flooding caused by 
storm waves rushing inland, and flooding caused by ocean storm events such as storm surge (a 
rise in the ocean water level caused by waves and pressure changes during a storm). The 
zones were developed using representative wave conditions and based on observed historical 
events, with added SLR. The GIS files are made up of: 

• Storm flood hazard zones 

– 10 polygon shapefiles: existing conditions and 3 planning horizons x 3 SLR scenarios 

2.1.6 Combined Storm Flood Hazard Zones 
This hazard zone combines all of the above hazard zones (coastal erosion, fluvial storm 
flooding, wave impact area, and coastal storm flood hazards) into a single comprehensive 
combined storm flood hazard area. The mapping tool shows: 

• Storm flood hazard zones 

– 10 polygon shapefiles: existing conditions and 3 planning horizons x 3 SLR scenarios 

• Spatially aggregated storm flood hazard zones 

– 3 polygon shapefiles: 3 planning horizons 

The hazard zones listed above (excluding the combined storm flood hazard zones) were 
delivered independently so map users may see the cause(s) of flooding at a particular location. 
However, at each planning horizon, the flood hazard zones for all scenarios are overlaid into a 
single “spatially aggregated” layer that counts the number of scenarios that are projected to 
cause flooding at a particular location. The goal of the planning tool was to help identify which 
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Figure 5. Study Area for SLAMM Modeling, and Initial Land Cover Types
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Table 1: SLAMM Scenarios  

Type Scenarios 

SLR  High (1.47 meters between 2010 and 2100) 

Management Scenario 1 (M1) Allow marshes to transgress into dry land 

Management Scenario 2 (M2) Fortify developed dry land (excluding agricultural land) 

Management Scenario 3 (M3) Fortify developed dry land (including agricultural land) 

Figure 6 provides a simplified summary of the changes in acres by land cover type for each 
scenario between 2010 and 2100. The changes by land cover type are described below. 

Agricultural lands show a decrease of over 1,000 acres for M1 and M2. M3 has no change as it 
is protected under this scenario. For beaches, there is a small increase in acreage with m1 
(<100 acres), a very small decrease with M2 and no change with M3. The small increase for M1 
could be viewed as substantial because of the low number of acres that exist currently. 
Developed lands indicate a more than 1,500 acre decrease in m1 but no change in M2 and M3 
as they are protected. Dunes indicate about a 100 acre decrease across all management 
scenarios. 

The most substantial change in spatial extent for a habitat type is estuarine open water with M1 
increasing by more than 2,600 acres, M2 by 2,500 acres and m3 by about 2,300 acres. Open 
ocean increases by over 100 acres for all scenarios while fresh water wetland decrease for all 
scenarios by between about 700-800 acres. Inland open water has slight decreases across all 
management scenarios. Mud flats are predicted to increase by more than 1,000 acres in m1, 
900 in M2 and about 600 in m3. 

Salt water wetlands indicate an increase in the m1 scenario by about 400 acres but a decrease 
in M2 (800 acres) and M3 (1,300 acres). All three scenarios are estimated to lose around 600 
acres for undeveloped land. 

. 
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Figure 6. Forecast for Change in Area due to SLR by Land Cover Type based on SLAMM Model Results for 2100
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2.3 Beach Width Analysis 
The beach width analysis (BWA) conducted by ESA PWA is based on the hazard modeling 
described above (see Section 2.1). The analysis was evaluated under the CAA and NBA 
alternatives. The BWA determines changes to beach width under the adaptation alternatives at 
three reaches in Ventura County, which were selected to represent a broad range of ecological 
and recreational values, and to be representative of the Ventura coastline. Details of the 
analysis are provided in Appendix D.  
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3 Approach and Methodology 
This analysis compares the two SLR adaptation strategies against a baseline in terms of how 
each mitigates the impacts of SLR. The approach to evaluating NBA and CAA strategies is 
presented in this chapter. The process began with a series of meetings with key stakeholders to 
ascertain their understanding of, and preferences for, different approaches. This process is 
outlined in Section 3.1. Using the input from the stakeholder interviews, the research team 
worked to define two coastwide management scenarios that would represent the NBA and CAA 
alternative adaptation styles. To define the NBA and CAA strategies, assumptions were made 
about the baseline scenario that would be in place absent any adaptation strategy (for detailed 
information on the baseline scenario, see 3.2). The physical SLR scenario (rising tides, 
increases in storms, and erosion) was already in place at the outset of the project as described 
in Chapter 2. However, a management scenario was also needed so that the physical results 
could be compiled into a baseline for the economic analysis. Much of the climate change 
research assumes a baseline similar to current conditions, and therefore measures the impacts 
of climate change. However, to measure climate change adaptation benefits and costs, this 
effort needed to start with an assumption of climate change, and then measure the reduction in 
impact as the change that can be expected from each adaptation scenario.  

Section 3.2.1 presents a review of similar literature that employs alternative baseline definitions. 
In the final sub section, the proposed baseline configurations are evaluated under different sea 
level rise scenarios in order to arrive at the final “baseline” definition that is utilized throughout 
the remainder of the report. Section 3.3 outlines the components of the NBA and CAA 
scenarios. Section 3.4 provides an explanation of the methodology used to capture and quantify 
impacts, in particular the development of a database to support the analysis. Section 3.5 
provides a discussion of the consequences to ecosystem services that are expected with SLR, 
and how the Habitat Equivalency Analysis (HEA) may be used to estimate some of the 
ecosystem services affected both by SLR and each adaptation strategy.  

3.1 Stakeholder Engagement 
A series of stakeholder meetings were held to gather information about existing community 
assets, neighborhood designations and characteristics, and to identify areas that stakeholders 
felt were most at risk from SLR. An additional purpose of the stakeholder meetings was to 
engage stakeholders in a series of exercises to identify the options that might be implemented 
to protect key features in the communities.  

3.1.1 Stakeholder Participants 
With TNC guidance, the project team reached out to local stakeholders in the study area 
including city and county representatives, the California Coastal Commission, the California 
Coastal Conservancy, emergency planning personnel, Naval Base representatives, and some 
local environmental groups. Many of the stakeholders had participated in other aspects of the 
CRV project, organized by TNC. The stakeholder meetings were held over a two day period at 
the TNC office located in downtown Ventura in September, 2013. Those who could not make 
these meetings but were interested in contributing were invited to participate over the phone or 
at meetings at a later date. Stakeholders were met with individually or in groups (if they were 
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from the same office). Table 2 summarizes the stakeholder representatives that participated in 
the meetings. 

Table 2: Participating Stakeholders  

Stakeholder Representative Title Date Attended 

Naval Base Ventura County Anna Shepherd  Community Plans and 
Liaison Officer September 10, 2013 

Naval Base Ventura County Jordan Young  Interdisciplinary Community 
Planner September 10, 2013 

Supervisor Long’s Office Lauren Bianchi-
Klemann Field Representative September 10, 2013 

California Coastal Commission Jonna Engel Ecologist September 10, 2013 

City of Ventura   Maggie Ide  Community Plan  September 10, 2013 

City of Ventura   Dave Ward Planning Manager September 10, 2013 

Office of Emergency Services Kevin McGowan Manager September 11, 2013 

California Coastal 
Conservancy Peter Brand Senior Project Manager September 11, 2013 

City of Oxnard Chris Williamson Principal Planner September 11, 2013 

City of Port Hueneme Greg Brown Community Development 
and Housing Authority September 11, 2013 

Surf Rider Foundation  Paul Jenkin Environmental Coordinator September 17, 2013 

County of Ventura  Rosemary 
Rowen  

Plans, Ordinances, and 
Regional Planning Manager September 18, 2013 

County of Ventura Jennifer Welch Case Planner September 18, 2013 

3.1.2 Stakeholder Process 
Project team members included Kelly Leo from TNC, Gretchen Greene and Stephanie Burr from 
ENVIRON, and Dave Revell from ESA PWA. Sarah Newkirk from TNC also participated in 
some of the later interviews. First, a general overview of the CRV process and project goals was 
presented along with the beta version of the TNC SLR portal showing the results of the coastal 
hazard modeling completed in the summer of 2013. During the presentation, stakeholders were 
encouraged to ask questions and provide feedback regarding information that they felt could be 
gained from this project. Next, ENVIRON staff presented an overview of the economic portion of 
the larger CRV project, and encouraged stakeholders to ask questions and share their thoughts 
about how the project might be of use to them in their own decision-making. Finally, each 
stakeholder, or group of stakeholders were asked the following open-ended questions:   

• Has your office started thinking about how climate change and SLR will impact Ventura 
County? 
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• What areas of Ventura County are viewed as containing a lot of value to the coastal 
community and why?  

• What are current erosion and flooding issues? Where do they occur and what is the public 
response to the loss or the degradation it causes? 

• What is the current status of education and outreach about SLR and climate change? 

• What adaptation strategies have been considered or thought about? 

• In your opinion, what are the benefits and costs economically and ecologically from 
different adaptation strategies? 

Large maps of Ventura County were used as a way to engage stakeholders in asset 
identification and proposal of management tools to protect key areas. Stakeholders were 
provided markers and were allowed to physically draw on maps and mark areas under their 
jurisdiction or management as well as features of great value to the community.  

3.1.3 SLR Adaptation Themes 
Several overall themes emerged during the stakeholder meetings.  

• SLR and climate change were a concern for future planning, erosion protection, and 
community protection. Several agencies are studying the risks to Ventura County and 
California from climate change and SLR. There was a strong desire to learn from cross 
agency work and to more uniformly develop goals and solutions.  

• While climate change and SLR were a concern across all groups, there is a great deal of 
jurisdictional overlap in Ventura County that requires interagency cooperation. This is 
challenging when each organization is already working hard to fulfill its own specific 
mandate – in many cases with reduced financial support – let alone taking on additional 
collaborative projects. Participants expressed support for and concerns about streamlining 
certain planning documents (such as those associated with the Local Coastal Program: 
http://www.ventura.org/rma/planning/programs/local-coastal/index.html) that could more 
quickly move climate change to the forefront of decision making processes.  

• Several coastal areas, such as the Port Hueneme Beach Park, already require regular 
management due to severe erosion caused by the original channel design. Going forward, 
stakeholders were concerned about these areas in part because their management actions 
are subject to the uncertainty of the federal budgeting process. In the face of increased 
erosion potential with climate change, this has the potential to aggravate a coastal 
management issue that is already the subject of uncertainty outside the control of local 
stakeholders.  

• Adaptation strategies that can balance benefits across a broad spectrum of coastal values 
were generally identified as preferred. Ecologically sensitive strategies such as wetland 
restoration and dune replenishment were viewed positively but concerns were raised about 
the cost of such projects to homeowners, farmers, businesses, and other community 
members. Engineered strategies that solely focused on defensive or protective measures 
were viewed as less politically complicated, though these suggested more long term costs 
including maintenance, impact to beaches, and loss of vital habitat. Managed retreat was 
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3.2.2 Baseline Characterization and Selection  
Based on the literature review, six alternatives were identified and discussed with stakeholders 
for potential use in the analysis. These were:  

• Current Conditions 

• No Sea-Level Rise, business as usual (going forward in time) 

• SLR with no new adaptation investment 

• SLR with mandated level of performance response 

• SLR with ‘best guess’ of response in the absence of adaptation, and 

• Multiple baselines 

Each alternative was considered and assessed for efficacy in relation to this project. The criteria 
considered included:  

• consistency with other research; 

• internal consistency (or how well would the baseline work with the modeling that had 
already been completed through TNC’s CRV project);  

• how well the definition would serve to assist the team in evaluating adaptation benefits and 
costs;  

• the overall analytic simplicity in terms of the level of time and effort needed to complete the 
work;  

• how well the process could be communicated to the public and stakeholders;  

• whether the approach would assist the local stakeholders in meeting their identified needs, 
and  

• whether or not the approach was at all realistic, or was likely to ever occur.  

Additional evaluation criteria and notes on the different approaches are provided in Table 3 
below. 
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Table 3: Potential Baseline Scenarios Reviewed 

 
Potential  
Baseline 
Scenario 

Description of 
Baseline 

Studies Where 
Applied  

Advantages for Use For Ventura 
County Project 

Disadvantages For Use 
For Ventura County 

Project 

1. Current 
conditions 

Conditions as they stand 
at the present time. No 
SLR and no adaptation 
measures. 

Heberger et al. 
2009; Heberger et 
al. 2012; Cayan et 
al. 2009 

Consistency- Many SLR impact 
studies use this. 

Doesn’t really focus on 
differences between 
adaptation strategies 

2. 
No SLR; 
Business as 
Usual 

Current SL into the 
future; population and 
economic growth 
continues following state 
forecasts and full build 
out following zoning 

Brown et al. 2011; 
World Bank 2010 

Provides a good way to think about 
how SLR will affect life in the 
future.  
 

Requires forecasts and 
creation of unrealistic 
scenario 
Difficult to isolate current 
adaptation efforts 

3.  
SLR with no new 
adaptation 
investment 

Laissez faire - SLR will 
occur as predicted, but 
no new adaptation 
activities. Current levels 
of maintenance funding 
OK. All conservation 
activities stop (e.g. TNC 
purchases of Santa  
Clara River) 

Neumann et al. 
2003; Costa et al. 
2009 

Theoretically valid baseline for 
public decision makers to evaluate 
investment 
 

Time consuming difficult to 
define 
Potential to frustrate 
stakeholders 

4. 

SLR with 
mandated level of 
performance 
response 

SLR will occur as 
predicted and the 
responses mandated 
under current 
regulations will take 
place. For example, the 
dredging requirements 
for ports to maintain 
certain depths. 

 None known 

More realistic – allows 
discretionary spending evaluation 
May simplify modeling 
assumptions 
May provide local decision makers 
with best guidance 

Time-consuming to define 
and develop 
Potential to confound 
baseline with management 
scenario 
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Table 3: Potential Baseline Scenarios Reviewed 

 
Potential  
Baseline 
Scenario 

Description of 
Baseline 

Studies Where 
Applied  

Advantages for Use For Ventura 
County Project 

Disadvantages For Use 
For Ventura County 

Project 

5. 
SLR with best 
guess of “without 
project” 

Involving estimates of 
going forward with SLR, 
assuming likely 
responses absent the 
specific management 
scenarios under 
question 

None known 

Most realistic way to evaluate 
benefits of the management 
scenarios in isolation 
If plausible, assumptions about 
“without project” lends credibility to 
effort 

Most difficult to define and 
justify 
Will be subject to criticism 
that assumptions drive 
results 

6. Multiple 
baselines 

Use of more than one 
baseline scenario. 

According to 
UNFCC 2009, very 
few studies have 
used this 

Baseline is tailored to the specific 
management scenario 
More appropriate to local 
community trying to decide best 
option 

Not as commonly used – 
no known guidance 
document recommends this 
 
Can’t provide objective 
comparison between NBA 
and CAA across situations  

Note: The shaded row represents the selected baseline for this project 
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and habitat for species. Changes in the natural environment will therefore impact the flow of 
ecosystem services. For example, some impacts to the natural environment from SLR and 
climate change could include water storage and treatment, production and protection of wildlife, 
erosion of beaches that affect recreation, and saltwater intrusion. Together, these types of 
measurements can be used to capture the economic gains and losses to society from 
alternative investment in climate change adaptation.  

Three alternative future scenarios – including the baseline scenario - were developed and 
evaluated. Benefits and costs of the alternatives were quantified using several metrics. Benefits 
are measured as damages avoided plus ancillary benefits from investment in ecosystem 
services (such as increased recreational areas and improved habitat for species). Costs consist 
of the costs associated with constructing and carrying out the adaptation strategies. . Overall, 
the alternative adaptation scenarios examine tradeoffs involved with planning for SLR and 
adapting to climate change. A full discussion of how the results may be used and interpreted by 
decision makers is provided in the Chapter 5. 

As mentioned in the introduction, there are different asset classes placed at risk from SLR. 
Many of the assets evaluated were measured using a spatial database that connects location-
specific impacts of SLR (as developed in the previous physical modeling, see Chapter 2) with 
parcels as delineated by Ventura County. All of the Buildings and Built Infrastructure assets, all 
of the Agriculture assets, and some of the Ecosystem Service assets (recreation) are analyzed 
in the data base. A description of the components of this database is presented below in 
Section 3.4.1. This is followed by a discussion of the different types of economic assets, or 
‘asset classes’ and an overview of the methodology used to estimate damages in Sections 
3.4.2, 3.4.3, and 3.4.4. Estimating impacts to jobs, income, and gross domestic product (GDP) 
is beyond the scope of the current effort.  

The overall conceptual framework for quantifying the impacts of SLR on the Ventura coastline is 
illustrated in Figure 3. The very top box shows that climate change is acting on the economic 
system and altering how the system works together. Climate change, and in particular SLR will 
affect the ‘asset classes,’ which are grouped into a) Buildings and the Built Infrastructure, b) 
Agriculture, and c) Ecosystem Services. Management options and overall impacts from SLR will 
ultimately change the distribution of ecosystem services currently provided to the community of 
Ventura County from the local environment. The influence of SLR will ultimately alter the 
economic value of the assets, in terms of property and infrastructure values, agricultural land 
values, or through the benefits provided by ecosystem services such as recreation and habitat 
values.  

When an adaptation strategy is employed, the strategy should help mitigate some of the 
impacts of SLR on the asset class values. Hence the arrow to the right of the ‘Change in 
Economic Value’ box shows that ‘Damages Avoided’ can be thought of as the benefit of an 
adaptation scenario. This can be compared with the cost of the adaptation scenario (shown as a 
grey arrow coming from above) and together the benefits (damages, or losses avoided) minus 
the costs of an adaptation scenario will produce the net benefit of the adaptation scenario 
(shown in the blue box to the right in the middle of the diagram.) This net benefit and the closer 
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examination of the costs and benefits through time is the information decision makers need to 
be able to evaluate different adaptation choices.  

As discussed more in Chapter 5, formal benefit cost analysis (BCA) uses the information 
contained in the dark blue boxes of Figure 3, compared with the cost information. If the net 
benefits through time are positive, then the adaptation scenario is considered ‘feasible’ and if 
the costs exceed the benefits (damages, or losses avoided) through time, then the adaptation is 
considered infeasible. When there are more than one feasible alternative, then the alternative 
with the largest ‘net benefit’ is considered favorable to the others. 

The basic benefit cost dynamics described above provide formal economic data, but in reality 
other factors also play a role in decision making. For example, cultural preferences, safety 
considerations, and impacts to the total regional economy may influence decisions. Changes in 
the regional economy are shown in the greenish-blue box at the bottom of the diagram. In 
formal BCA, such regional economic impacts as jobs, income, GDP and tax impacts are 
assumed to occur elsewhere if they are shut down within a particular geography. Consequently, 
these are not counted as a net benefit or a net cost. But to a local jurisdiction, which risks losing 
out on revenue and economic activity to a nearby competitor, these impacts can be significant. 
Such impacts include business interruptions, reduced payroll, and tourism impacts. In turn, the 
reductions or impacts can then trigger additional economic slowdowns. Although regional 
economic impact analysis (EIA) is outside the scope of this research, it is important to 
understand that these impacts exist, and can add a layer of complexity for decision makers. 
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Table 5: Primary Data Sources 

DATA SOURCE 

Coastal Hazard Data ESA PWA 

Public Infrastructure Hazus 

Parks and Recreation Multiple public sources 

Parcel Data Ventra County Assessor’s Office 

Replacement Cost of Public Infrastructure Hazus 

Market Value of Residential Homes DataQuick via LA Times 

Recreational use data Multiple Public sources 

Agricultural Value Ventura County  
Agricultural Commissioner's Office 

Recreational Value USFS Database 

Agricultural Crop Acreage Ventura County  
Agricultural Commissioner's Office 

Road Value 
State of California Flood Rapid 
Assessment Model (F-RAM) 
Development 

Table 6 shows the numbers of parcels, area, and value for all of the assets in the parcel 
database. Added together, the private, public, agricultural, recreational, and road miles total 
31,121 units which are potentially at risk of damage from SLR. The value of the property at risk 
totals over $17.7 billion.  

Table 6: Parcel Data Base Totals 

Asset Class Basic Units # of Units Value 
(Millions) 

Private Parcels with structures 30,151 $15,751.2 

Public Parcels 92 $918.8 

Ag Parcels 408 $936.5 

Recreational Parcels 236 $115.8 

Roads Miles impacted under current 
conditions 234 $12.7 

Totals 31,121 $17,735 
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Depending on the analysis, other key inputs for the analysis are the slope and shape of the 
ecosystem service recovery curves (e.g., linear, logarithmic, sigmoidal, etc.) following change 
and the social discount rate for estimating the social value of future natural resource services 
(percent). The recovery of habitats (succession time to reach mature habitat function) was not 
incorporated because to the time frame of 90 years (from 2010 through 2100) is quite long and 
it is assumed that the recovery of the habitats take place over those 90 years. Hence the exact 
pace of the recovery was not essential to the analysis. These parameters are combined to 
estimate the natural resource services gained (credits) or lost (debits) by management scenario. 
The unit of measurement used in this analysis is service acre years (SAYs), which is an 
estimate of the services provided by an acre of habitat over a year period. The following 
equation is used in estimating SAYs: 

𝑆𝑆𝑆𝑠 =  ����𝐻𝑙𝑡 − 𝐻𝑙𝑏� 𝑡 × 𝐴𝑙

𝑛

𝑡=0

�
9

𝑙

 

Where: 

SAYs: Service acre years associated with the management scenarios where a 
negative value indicates net debit and a positive value indicates a net 
credit to ecosystem services 

l: Habitat type. For the purposes of this analysis, eleven habitat types were 
evaluated (described in detail below). 

t:  Year operations commence (2010) 

n: Final year of management timeline (the last year that credits/debits are 
tallied). For the purposes of this analysis, the management timeline was 
estimated at 90 years.  

Hlb:  Baseline habitat suitability value of habitat type l 

Hlt: Habitat suitability value of habitat type l in year t following the 
management initiation (assumed to be 2010) 

Al:  Number of acres disturbed and reclaimed within habitat type l 

The approach for developing the habitat quality values for each habitat type is summarized 
below.  

3.5.2 Input Data for HEA Estimates 
The HEA uses input from the Sea Level Affecting Marshes Model (SLAMM). Refer to the 
technical report (ESA PWA) in Appendix C for more detailed information regarding the model. 
As discussed above, SLAMM simulates the dominant processes involved in some wetland 
conversions during long-term SLR: inundation, erosion, overwash, saturation, and accretion. 
The primary inputs to SLAMM include a high resolution digital elevation model, a map of current 
wetland habitats, future SLR projections, marsh accretion rates, tide ranges, and erosion rates. 
The SLAMM ecological vulnerability study focused on the Mugu Lagoon site, which includes the 
coastal wetland habitats from Ormond Beach to Point Mugu. Two other major coastal wetland 
systems exist in Ventura County, the Santa Clara River and Ventura River estuaries. During 
initial efforts to apply SLAMM to these estuaries it became clear that the conceptual model in 
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SLAMM version 6.2 (the most recent version) does not account for many of the dominant 
processes occurring in these highly dynamic, seasonally closed systems. Therefore, 
subsequent effort was focused on Mugu Lagoon, a large open tidal system where wetland 
extent and habitats that have been relatively stable through time.  

As described above, the HEA approach is used to estimate the level of ecosystem services 
provided by each land cover type. Total ecosystem services are assumed to be proportional to 
the relative habitat value such that the highest quality habitat (often called the “gold standard”) is 
assumed to provide the maximum amount of services. The level of ecosystem services provided 
by the other habitat types is estimated relative to the “gold standard” habitat. The relative habitat 
scores used in this HEA are listed in Table 11. 

For the purposes of this assessment, the habitat types are based on the land cover 
designations presented in the SLAMM Model, and the changes through time are estimated by 
extrapolating from the earlier SLAMM model results. To ensure that the analysis does not imply 
more accuracy than is presented, and to make the analyses simpler, we combined several of 
the land cover types. The analysis is completed using seven land cover types representing all of 
the SLAMM land cover types.  

Table 11 also provides estimates of the level of ecosystem services provided by each land 
cover type. The levels of services are scored for each land cover type by the ecosystem 
services, dependent on the physical, chemical and human use values assigned to each land 
cover type. Table 11 shows a score (none = 0, low =1, medium =2 or high =3). The service 
value can be thought of as a collection of criteria known to be linked to the function of an 
ecosystem. Values are estimated to describe the level of ecological services provided, and are 
scaled for value in relation to each other. The same type of service value is used across all land 
cover types and the relative change in services through time are estimated through changes in 
the spatial extent or each land cover at different times (2010 vs 2100). For those land cover 
types that are combined, we used an average score that is normalized based on the current 
area represented by each of the individual land cover types.  

Land cover types support many ecosystem services and the value placed on those land covers 
are estimated through an understanding of what is important to the local stakeholders and the 
actual physical, chemical, biological (and ultimately) societal services that are provided by each 
habitat type. The Coastal Resilience Steering Committee identified several ecological asset data 
categories. These reflect the general values that local stakeholders place on the services 
provided by the land cover analyzed. These are provided below and include regional assets and 
those considered important in the Mugu Lagoon and Ormond Beach study areas. 
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Table 11: Relative Habitat Scores for Net Ecosystem Services Analysis  
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Bird Watching 1 2 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2

Hiking 0 3 1 3 3 2 2 3 3 3 2 3 3 3 3 2 3 2 2 3 0
Biking 2 3 1 3 2 2 2 3 3 3 0 2 3 1 3 1 3 1 1 2 0

Boating 0 0 0 1 1 1 2 3 3 1 2 0 2 1 0 0 3 3 3 3 2

Country Drives 0 3 2 3 2 2 2 3 3 2 1 3 3 2 3 2 3 2 2 3 0

Socio-Economic Jobs 3 1 3 2 2 2 2 3 2 2 2 2 3 2 2 0 1 1 1 2 2
Income 3 1 3 2 2 2 2 3 3 2 2 2 3 2 2 0 1 1 1 2 2

Cultural - 
Institutional

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2

Habitat for Animals Upland Birds 0 3 2 2 1 1 2 3 2 2 0 2 0 0 2 0 2 1 0 0 0

Mammals 0 3 2 3 3 3 3 3 3 2 1 2 2 2 1 3 3 3 2 3 1
Aquatic Species 0 0 0 3 3 3 3 3 3 3 3 0 2 3 1 2 3 3 3 3 3

Waterfowl 0 2 2 3 3 3 3 3 3 3 3 0 2 3 2 2 3 3 3 3 2
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Amphibians
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Sediment 
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Carbon 

Sequestration
0 3 1 3 3 3 3 3 3 3 2 2 1 2 1 1 3 3 3 3 3

Dust Control 2 3 0 3 3 3 3 3 3 2 3 2 3 1 1 2 3 2 2 0 0
15 52 31 61 57 56 58 66 64 58 42 46 49 45 41 40 60 52 47 55 25
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3579 4215 9179 115 1079 5 7 65 1802 597 475 264 360 9 1 182 11 130 102 385 12102

Combined 
Average 
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15 52 31 42 25

Normalized 
Score

0.20 0.80 0.50 0.70 0.40

Saltwater Wetlands Beaches Inland Open water

3 1 3 3

Freshwater Wetlands

3

Total Score

2 2 3 2 2 33 3 3 3 3 3Recreation 0 3 3 3

57 63 46 53

0.90 1.00 0.70 0.80
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Regional Ecological Assets Identified by Steering Committee: 

• Habitat  

– Wetlands 

– Beaches 

– Bird habitat 

– Estuaries 

– Dunes 

• Species 

– Listed Species 

– Rare Species 

– Charismatic species 

– Economic Species (fish, etc) 

– Common Species 

– Birds (migratory) 

– Marine mammals 

• Water Quality 

– Drinking water quality 

– Surface water quality 

 Agriculturally derived pollutants 
 Urban runoff 
 Legacy pollutants 

• Water Supply 

– Surface water   

– Groundwater 

– Treated water 

• Plans 

– General Plans 

– Zoning 

– River parkway plans (SC and 
Ventura) 

– Conservation Lands 

– National/State/NGO lands 

– Easements 

– Navy Lands 

 

Original Ecological Assets Identified in Ormond/Mugu Area by Steering Committee 

• Duck Clubs 

• Wetlands 

• Beach 

• Endangered Species 

• Non-endangered Species 

• Fisheries 

• Protected Wetlands 

• Snowy Plover 

• Pacific Flyway Stopover 

• Harbor Seals 

• Migratory Bird Wintering Area 

• Bird Nesting 
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3.5.3 Land Cover (Habitat) Scaling 
The scaling of land cover types is used to estimate how each land cover type compares with the 
highest value or “Gold Standard” in ecosystem services, which is provided by 
saltwater/estuarine wetlands. Habitat scaling for each of the other land cover types will lie 
between a zero, and 1.0. The scaling is dependent on the composite service flow scores shown 
in Table 11. Other land covers that provide greater ecosystem services include freshwater 
wetlands (0.9), undeveloped lands (0.8) beaches and shorelines (0.7). Those with medium to 
low value include agriculture (0.5), open water (0.4) and developed lands (0.3). 

3.5.4 Extrapolation from SLAMM Results 
The challenge to conducting a HEA analysis for this research is in modeling how habitats will 
change through time with SLR. Although the SLAMM model results are limited because the 
model was developed for east coast marshes, these results are currently the best available 
estimate of how land cover types will change with SLR. For this reason, the SLAMM results for 
the Mugu Lagoon and Ormond Beach are used to estimate how land cover types will change 
along the remaining Ventura coastline. Mugu Lagoon is representative of an area with abundant 
wetlands and Ormond Beach is more representative of area dominated by beach shoreline. 
Areas are slightly modified from the original analysis, so that they are more consistent with the 
assumptions behind the NBA and CAA scenarios.  More details of this process are available in 
Appendix F.  Results are then applied to the remainder of the coastline after a review of specific 
areas outside the original Mugu/Ormond Beach study area. Areas that have more wetlands are 
assumed to be similar to Mugu Lagoon and those with more of a beach coastline like Ormond 
Beach. Spatial differences were accounted for but it was assumed that the ratio of ecosystem 
services produced would reasonably be expected to replicate the results in the SLAMM study 
area. The research team agreed that this approach provides the best estimates of how land 
cover types (and the ecosystem services derived from those land cover types) would change 
under the baseline, and alternative adaptation strategies, given that the SLAMM model could 
not be run for the entire project area. Therefore, increases and decreases in the wetland areas 
outside the study area are assumed to follow patterns similar to the SLAMM study area, except 
where constrained by an adaptation approach. 

3.6 Summary 
Though an attempt has been made to capture all of the relevant benefits and costs of SLR 
along the coast of Ventura County, it is not possible to capture everything. Some impacts from 
SLR are excluded from this effort because there are little to no data available, while others are 
excluded because they exceed the scope of this project. Additional impacts from SLR not 
captured in this study include additional ecosystem service impacts such as reduced carbon 
sequestration, changes in emissions and energy consumption from construction for adaptation, 
and ecological risks from superfund sites or other industrial sites that could result in releases of 
heavy metals, toxins, or other hazardous materials if flooded. Additional socioeconomic impacts 
not addressed in this analysis include the regional economic impacts described in more detail in 
Section 3.4.5, and changes in distributional impacts. Distributional impacts describe how 
different sub populations (such as low-income or other disadvantaged groups) might be 
differentially impacted by damages from SLR.  
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A summary of the different coastal hazards that may affect different coastal assets is shown in 
Table 12 along with the methods for measuring the impact. With the exception of the last two 
columns in the table (Regional Economic Impacts, and Additional Risks) each type of impact is 
evaluated at the baseline, which assumes that climate change will occur with no adaptation. 
Each type of impact is also evaluated under the two adaptation scenarios – the NBA and the 
CAA - to ultimately determine whether the adaptation approaches are able to reduce the SLR 
damages sufficiently to warrant the cost of the adaptation strategy.  



 Economic Analysis of Nature-Based Adaptation to Climate Change 
 Ventura County, CA 

Approach and Methodolgy 44 ENVIRON 

Table 12: Methodologies and Measures to Quantify  Economic Costs and Benefits  

 Assets 
at Risk Structures Infrastructure Recreation Wetland 

Habitat 
Upland 
Habitat Agriculture Additional 

Risks 

Hazard  Methodologies and Measures 

Rising Tide 
Inundation 

 • Depth of 
inundation 

• Property 
characteristics 

• Property  values 
• Depth damage 

functions 

• Depth of 
inundation 

• Property 
characteristics 

• Property  values 
• Depth damage 

functions 

• Recreational 
visitation data 
(Camping, beach 
use, surfing, bike 
trails, etc.) 

• Changes due to 
floods 

• Value estimates 
from comparable 
sites 

• Acres of habitat 
lost or gained 
compared to 
baseline 

• Dollar values 
from the literature 
for comparable 
habitats 

• Acres of habitat 
lost or gained 
compared to 
baseline 

• Dollar values 
from the literature 
for comparable 
habitats 

• Acres of 
agriculture lost 
or gained  

• Loss or gain in 
profits 

• Impacts to high-
risk sites such as 
superfund, waste 
water treatment 
plants, power, etc. 

• Impacts to lower 
income 
communities 

• Impacts from 
emissions and 
energy 
consumption 
during adaptation 
measures 

• Other ecosystem 
services that are 
difficult to quantify 

Changes to  
Flood Zone 

 
Same as above Same as above Same as above Same as above Same as above Same as above Same as above 

Storm Wave 
Impact 

 Complete loss 
within wave-zone 

Complete loss 
within V-Zone 

Complete loss 
within V-Zone 

Above method 
modified f or wave 
impact 

Same as above Complete loss 
within V-Zone Same as above 

Changes to  
Coastal 

Erosion Zone 

 
Complete loss w/in 
zone 

Complete loss w/in 
zone 

Complete loss w/in 
zone 

Same approach 
described for 
floods 

Same approach 
described for 
floods 

Complete loss 
w/in zone Same as above 

Changes in 
Beach Width 

 

N/A N/A 

• Recreational 
visitation data (as 
above) 

• Changes due to 
lost beach width 

• Value estimates 
from comparable 
sites 

Same as above Same as above N/A Same as above 
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4 Results  
Results are presented by several categories in this chapter. The first set of results covers the 
anticipated damages attributable to SLR as calculated in monetary terms through time. These 
monetary damages are calculated for private and public structures, roads, agricultural 
properties, to public roadways, and to recreation (which is an ecosystem service). These 
damages are presented first for the baseline scenario, which shows the kinds of damages 
expected if no adaptation were to occur. The SLR scenarios show how the damages increase at 
each point in time under this baseline.  

Following the damages for the baseline, the results are presented for each type of SLR hazard, 
showing how the alternative adaptation strategies each produce a set of damages that are 
generally lower than those calculated at the baseline. These reduced damages make up the 
benefits attributed to each alternative. A summary section shows how the benefits compare 
between the two adaptations scenarios. 

The results of the HEA analysis are then presented to demonstrate how ecosystem service 
values change for the baseline scenario, and the two adaptation scenarios. These results are 
presented in service acre years (SAYs) and discounted service acre years, or dSAYs. The 
dSAY calculation simply adds up all of the service acre years over the study time horizon (2014 
– 2100) using a discount rate for each year in the future that the gain or loss in SAY is expected 
to occur.  

4.1 Baseline Results 
Tables 13 through 17 show the baseline structure and infrastructure damages at present, and 
show how these are forecast to increase with time. Results are shown in 2013 dollars. 

Table 13 shows the damages through time for the extreme mean high tide (EMHW); the results 
do not include existing damages because current erosion damages have no historical or 
geological reference point. The results show that damages will only increase slightly in the early 
years ($3.7 million in 2030 and $16.0 million in 2060), but then increase more than ten-fold 
between 2060 and 2100 from to over $171 million. This suggests that the high tides are not 
expected to affect many properties for several decades. Damages are calculated on an annual 
basis, which assumes that there is one EMHW per year, and that damages from this are 
repaired annually. This is a simplifying assumption, which is reasonable when damages are 
relatively small, but property owners might respond differently once the magnitude of damages 
is larger (between 2060 and 2100).  

Table 14 shows damages anticipated to occur in the event of a one-percent annual chance 
flood. The impacts of such a storm are not expected to cause much damage under existing 
conditions, with estimates at just $3.9 million. However, this same storm under SLR conditions 
is expected to cause over $21 million in damages by 2030, and over $75 million by 2060. These 
early year impacts are low in comparison to the 2100 damages, which total more than $324 
million. 
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Table 15: Baseline Damages – Wave Damages 

Damage Category Existing 2030 2060 2100 
Private Structures/Property 
Damages $1,195,565,635 $2,047,677,430 $2,550,157,771 $3,166,280,921 

Public Structures/Property 
Damages $378,717,000 $378,717,000 $378,717,000 $535,893,000 

Agricultural Damages $18,686,546 $18,686,554 $26,153,427 $47,646,544 

Recreational Damages $42,595,868 $42,742,695 $47,605,061 $48,618,346 

Road Damages $1,685,073 $2,567,193 $3,675,314 $5,432,622 

Total Damages $1,637,250,122 $2,490,390,872 $3,006,308,574 $3,803,871,433 

 

Table 16: Baseline Damages – Erosion Damages 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $376,293,098 $680,635,704 $723,031,389 

Public Structures/Property Damages $0 $85,105,500 $85,105,500 $85,105,500 

Agricultural Damages $0 $4,420 $8,692 $1,749,907 

Recreational Damages $0 $8,220,703 $8,497,206 $11,986,038 

Road Damages $0 $279,081 $439,099 $742,200 

Total Damages $0 $469,902,801 $774,686,201 $822,615,034 

Table 17 shows the aggregate total damages by hazard type through time under the baseline. 
These results show that waves and erosion are anticipated to be the most costly sources of 
future SLR damages. Hazard damage is expected to increase nearly 4 times in terms of the 
value between 2014 and 2100, from a total of $1.6 billion to more than $5.2 billion dollars of 
damages in 2100. By far the greatest degree of damage is anticipated in wave action damages 
which come from the wave impact expected to occur in addition to the major storm. Storm surge 
damages are only anticipated to occur in the year of the storm, which might occur only once 
every few years as the storm modeling was based on a storm with a one percent probability of 
occurrence in any given year. The frequency of this modeled storm event is not estimated in 
relation to climate change and will certainly increase. For example, a storm that used to occur 
with a one percent probability frequency (anticipated to occur on average once per century) 
could occur in the future once every twenty years, or with a five percent chance of occurrence in 
any given year.  
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Table 17: Summary of Baseline Results 

 Existing 2030 2060 2100 

Mean High Water $0  $3,743,746  $16,091,974  $171,069,555  

Storm $3,886,306 $21,215,042 $75,295,923 $324,798,391 

Wave $1,637,250,122 $2,490,390,872 $3,006,308,574 $3,803,871,433 

Erosion $0 $469,902,801 $774,686,201 $822,615,034 

Total Baseline $1,641,136,427 $2,985,252,461 $3,872,382,671 $5,122,354,414 

4.2 Comparing Benefits of NBA and CAA Strategies 
The two adaptation strategies – NBA and CAA – are applied to the baseline scenario to produce 
monetary benefits in terms of reducing these anticipated damages. Results by hazard type are 
shown below. 

4.2.1 Extreme Mean High Water  
Results for the EMHW through time for the NBA and CAA scenarios are shown below. By the 
year 2100, it is clear that the CAA reduces damages to private structures and property damage 
by more than the NBA. This is related to greater protection provided by the armoring for some 
low-lying neighborhoods. Agricultural damages are the same for both scenarios, showing a 
nearly 100 fold increase between 2030 impacts and 2100. This is because most of the 
agricultural lands are not affected by rising tides until later in the century. Road damages under 
both management scenarios are similar until 2060 and after that estimated to be more severe 
under the CAA scenario. This is likely due to roads that are elevated within neighborhoods 
under the NBA scenario. Noticeable in these tables is that the two scenarios perform very 
similarly through 2060, and then ramp up by 2100 through agricultural damages, and the 
increase in private structure/property damages, which are greater under the NBA scenario. 

Table 18: EMHW – NBA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $2,979,091 $6,660,830 $30,936,246 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $0 $534,959 $8,863,902 $58,491,811 

Recreational Damages $0 $2,424 $2,894 $4,139 

Road Damages $0 $219,467 $308,830 $467,207 

Total Damages $0 $3,735,941 $15,836,457 $89,899,403 

 



 Economic Analysis of Nature-Based Adaptation to  
 Climate Change Ventura County, CA 

Results 49 ENVIRON 

Table 19: EMHW – CAA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $2,979,091 $6,660,830 $11,891,383 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $0 $534,959 $8,863,902 $58,491,811 

Recreational Damages $0 $2,424 $2,894 $4,139 

Road Damages $0 $217,571 $361,209 $772,045 

Total Damages $- $3,734,044 $15,888,835 $71,159,378 

Tables 20 and 21 show the benefits produced by each strategy in terms of reduced damage 
values. These estimates are developed by subtracting the baseline damages from the 
adaptation scenario damages. The results above that show that the NBA strategy  produces 
benefits at approximately the same level as the CAA through the year 2030, with the NBA 
producing over seven thousand, and the CAA producing over nine thousand. By the year 2060, 
the NBA produces more benefits than the CAA, and by 2100, the CAA benefits outstrip the NBA 
benefits.  

Table 20: EMHW – NBA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $0 $152,026 $79,355,777 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $0 $0 $0 $0 

Recreational Damages $0 $0 $0 $0 

Road Damages $0 $7,806 $103,491 $1,814,375 

Total Damages $0 $7,806 $255,517 $81,170,152 

 
 

Table 21: EMHW – CAA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $0 $152,026 $98,400,641 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $0 $0 $0 $0 

Recreational Damages $0 $0 $0 $0 

Road Damages $0 $9,702 $51,113 $1,509,537 

Total Damages $- $9,702 $203,139 $99,910,177 
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4.2.2 Major Storm Event Results 
As mentioned above, the major storm event damages will occur with an unknown frequency in 
the future although the event was modeled based on a one percent annual probability of 
occurrence. Tables 22 and 23 show anticipated damages under the NBA scenario and the CAA 
scenario respectively. The damages are relatively small in both cases (under ten million dollars) 
through 2030. Using the nature based strategy; the damages expected from such a storm 
increase to over $25 million by 2030, and by the year 2100 are expected to be over $158 million 
much greater than the damages from the same storm under the CAA scenario.  

Table 22: Major Storm Event – NBA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $1,039,202 $1,094,022 $1,959,079 $79,691,209 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $804,676 $7,035,994 $21,411,331 $75,652,151 

Recreational Damages $0 $0 $0 $0 

Road Damages $1,109,364 $1,440,748 $2,086,060 $2,829,811 

Total Damages $2,953,242 $9,570,765 $25,456,470 $158,173,172 

 

Table 23: Major Storm Event – CAA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $1,264,245 $1,264,245 $1,264,245 $1,384,565 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $804,676 $3,268,745 $2,804,580 $6,844,674 

Recreational Damages $0 $0 $0 $0 

Road Damages $1,235,925 $1,656,069 $2,494,884 $3,771,470 

Total Damages $3,304,846 $6,189,059 $6,563,709 $12,000,709 

Tables 24 and 25 show the benefits produced by each strategy in terms of reduced damage 
values. These estimates are developed by subtracting the baseline damages from the 
adaptation scenario damages. The results that show the NBA strategy produces approximately 
the same level of damages through the year 2060. Results for the year 2100 demonstrate 
significantly greater damages. The tables show that both scenarios have similar benefits 
through 2060, with the NBA showing over $47 million, and the CAA showing about 20 percent 
more benefits, at over 68 million. By 2100 the benefits of the CAA are nearly twice as high as 
the NBA, with over $312 million for the CAA and $161 million under the NBA. It should be noted 
that these are the raw results from a storm event, and will not necessarily occur in each of these 
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years. When the benefit cost analysis is completed, the expected damage in any given year is 
included through time, and the calculation will take into consideration the chance that the storm 
does occur. 

Table 24: Major Storm Event – NBA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $225,043 $2,690,360 $18,314,525 $104,140,060 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $2,154 $7,665,274 $28,881,232 $57,159,845 

Recreational Damages $0 $422 $1,750 $4,500 

Road Damages $3,729,520 $4,532,873 $5,346,033 $7,600,890 

Total Damages $3,956,717 $10,356,056 $47,197,507 $161,304,405 

 
 

Table 25: Major Storm Event – CAA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $2,520,138 $19,009,358 $182,446,705 

Public Structures/Property Damages $0 $0 $0 $0 

Agricultural Damages $2,154 $11,432,523 $47,487,983 $125,967,321 

Recreational Damages $0 $422 $1,750 $4,500 

Road Damages $579,306 $1,072,900 $2,233,122 $4,379,156 

Total Damages $581,460 $15,025,983 $68,732,214 $312,797,682 

4.2.3 Wave Damage Results 
Wave damage estimates suggest that wave damage during a storm could be fairly high at more 
than $1.6 billion under current conditions, and more than doubling by 2100 to over $3.8 billion 
per year. Both the NBA scenario and the CAA scenario reduce the damages to under $1 billion 
in the year 2100, with the NBA damages totaling just under $1 billion and the CAA damages 
totaling just under $800 million. Results for wave damages under both adaptation scenarios are 
shown in Tables 26 and 27 for the NBA and CAA scenarios respectively. 
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Table 26: Wave Damages – NBA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $412,685,908 $421,332,862 $436,016,094 $441,228,228 

Public Structures/Property Damages $378,717,000 $378,717,000 $378,717,000 $457,305,000 

Agricultural Damages $18,686,546 $18,686,554 $26,153,427 $47,646,544 

Recreational Damages $40,345,143 $40,490,863 $45,247,694 $48,267,617 

Road Damages $938,275 $1,269,690 $1,920,379 $2,288,788 

Total Damages $851,372,872 $860,496,969 $888,054,594 $996,736,177 

 

Table 27: Wave Damages – CAA Scenario 
Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $328,940,212 $337,587,166 $342,733,962 $347,946,096 

Public Structures/Property Damages $378,717,000 $378,717,000 $378,717,000 $378,717,000 

Agricultural Damages $18,686,546 $18,686,554 $26,153,427 $28,532,708 

Recreational Damages $39,625,018 $39,882,559 $39,913,148 $40,695,616 

Road Damages $1,962,201 $2,302,907 $2,710,994 $3,173,551 

Total Damages $767,930,976 $777,176,185 $790,228,531 $799,064,971 

Tables 28 and 29 show the benefits produced by each strategy in terms of reduced damage 
values. Because the damages under both adaptation scenarios are comparable, so are the 
benefit estimates, with the benefits of both strategies totaling more than $2 billion in the year 
2060 in the event of the storm. By later in the century the benefits from the CAA slightly exceed 
those from the NBA, with benefits topping $3 billion for the CAA, and $2.8 billion for the NBA.. 

Table 28: Wave Damages – NBA Benefits 
Damage Category Existing 2030 2060 2100 

Private Structures/Property 
Damages $782,879,727 $1,626,344,568 $2,114,141,677 $2,725,052,693 

Public Structures/Property 
Damages $0 $0 $0 $78,588,000 

Agricultural Damages $0 $0 $0 $0 

Recreational Damages $2,250,725 $2,251,832 $2,357,368 $350,729 

Road Damages $2,008,774 $2,504,269 $2,786,281 $4,205,625 

Total Damages $787,139,226 $1,631,100,669 $2,119,285,326 $2,808,197,047 
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Table 29: Wave Damages – CAA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property 
Damages $866,625,423 $1,710,090,264 $2,207,423,809 $2,818,334,825 

Public Structures/Property 
Damages $0 $0 $0 $157,176,000 

Agricultural Damages $0 $0 $0 $19,113,836 

Recreational Damages $2,970,850 $2,860,137 $7,691,914 $7,922,729 

Road Damages $984,849 $1,471,053 $1,995,666 $3,320,862 

Total Damages $870,581,122 $1,714,421,453 $2,217,111,389 $3,005,868,254 

4.2.4 Long Term Erosion Results 
Erosion damages under baseline conditions are significant, totaling over $469 million by 2030, 
and increasing to more than $822 million by 2100 (see Table 17). Both NBA and CAA strategies 
have outstanding success at reducing these damages, with the NBA reducing damages by 
approximately 75 percent and the CAA reducing damages by more than 90 percent. Results are 
shown in Tables 30 and 31.  

Table 30: Long Term Erosion - NBA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $47,998,701 $71,074,709 $73,928,651 

Public Structures/Property Damages $0 $64,900,000 $85,105,500 $85,105,500 

Agricultural Damages $0 $4,272 $8,692 $1,749,907 

Recreational Damages $0 $4,677,161 $8,493,525 $11,993,864 

Road Damages $0 $18,818 $19,722 $30,368 

Total Damages $0 $117,598,953 $164,702,148 $172,808,289 
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Table 31 – Long Term Erosion - CAA Scenario 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $10,491,096 $10,491,096 $10,491,096 

Public Structures/Property Damages $0 $20,205,500 $20,205,500 $20,205,500 

Agricultural Damages $0 $4,420 $8,692 $1,749,907 

Recreational Damages $0 $8,038,022 $8,251,730 $9,463,568 

Road Damages $0 $332,144 $350,290 $397,268 

Total Damages $0 $39,071,182 $39,307,307 $42,307,339 

Tables 32 and 33 show the benefits produced by each strategy in terms of reduced damage 
values. Because the damages under the NBA scenario are higher than under the CAA, the 
benefits are therefore lower. Over the three time periods reported, the CAA benefits are higher 
than those in under the NBA scenario. Noticeable is that the recreation damages are actually 
greater under the NBA than under the baseline by the year 2100 and so there are no benefits, 
and in fact slight costs to the NBA strategy. This may be due to the managed retreat from beach 
activities that exist in the baseline scenario (therefore a loss in recreation) that is not otherwise 
counter balanced by gains from the NBA elsewhere.  

Table 32: Long Term Erosion - NBA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $328,294,397 $609,560,996 $649,102,739 

Public Structures/Property Damages $0 $20,205,500 $0 $0 

Agricultural Damages $0 $147 $0 $0 

Recreational Damages $0 $3,543,542 $3,681 ($7,826) 

Road Damages $0 $591,599 $794,684 $1,149,841 

Total Damages $0 $352,635,184 $610,359,360 $650,244,754 

 
Table 33: Long Term Erosion - CAA Benefits 

Damage Category Existing 2030 2060 2100 

Private Structures/Property Damages $0 $365,802,002 $670,144,608 $712,540,293 

Public Structures/Property Damages $0 $64,900,000 $64,900,000 $64,900,000 

Agricultural Damages $0 $0 $0 $0 

Recreational Damages $0 $182,681 $245,476 $2,522,470 

Road Damages $0 $278,273 $464,116 $782,941 

Total Damages $0 $431,162,955 $735,754,201 $780,745,704 
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4.2.5 Aggregate Benefits to Parcels 
Overall, several observations may be taken from this static analysis of benefits associated with 
the alternative adaptation strategies described in the parcel database. One point is that using 
NBA solutions does not seem to compromise the potential benefits gained from SLR adaptation. 
Indeed, the risk reduction benefits of the NBA scenario are surprisingly close to those provided 
by the CAA scenario, although for the storm benefits, the long term CAA solution is expected to 
produce significantly better reductions in damages compared with the NBA. A summary of the 
results of the static analysis of benefits from the NBA and CAA solutions is provided in Tables 
34 and 35 respectively. Viewing the totals in 2100, it appears that the NBA produces $3.7 billion 
in benefits, compared with the CAA which produces $4.1 billion. However, the storm and wave 
results are irregular, and will only occur in some years, while the Mean High Water and Erosion 
totals are fully expected. Comparing just those two impacts, the annual benefits in 2100 are 
$730 million for the NBA alternative and $880 million for the CAA alternative. 

Table 34: Summary of All Benefits – NBA 

TOTAL 2030 2060 2100 

Mean High Water $7,806 $255,517 $81,170,152 

Storm $2,690,360 $18,314,525 $104,140,060 

Wave $1,631,100,669 $2,119,285,326 $2,808,197,047 

Erosion $352,635,184 $610,359,360 $650,244,754 

Total NBA $1,986,426,214 $2,747,959,211 $3,562,581,861 

 

Table 35: Summary of All Benefits – CAA 

TOTAL 2030 2060 2100 

Mean High Water $9,702 $203,139 $99,910,177 

Storm $15,025,983 $68,732,214 $312,797,682 

Wave $1,714,421,453 $2,217,111,389 $3,005,868,254 

Erosion $431,162,955 $735,754,201 $780,745,704 

Total CAA $2,160,610,391 $3,021,597,803 $4,099,411,639 

4.3 Ecosystem Services 
The static results above suggest that an evaluation of ecosystem services could be influential in 
the decision making process. That is, the CAA has larger projected benefits, but the two are 
comparable. The results of the HEA analysis show that each of the alternative adaptation 
scenarios produces slightly different results in terms of the total acreage by land cover type in 
2100 and the service acre years (SAY) by land cover type.  
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4.3.1 Net Ecosystem Services by Land Cover Type 
Figure 6 in Chapter 2 provides a summary of the changes in acreage by land cover type for 
each scenario from 2010 to 2100. The changes in SAYs by land cover type are the sum of the 
acreage in each year, weighted by the scaling described in Section 3.5 of this report. Figure 8 
below shows the changes in SAYs by land cover type. Fundamentally, the diagram shows that 
the Baseline scenario results in a loss of developed acreage, and the adaptation scenarios both 
prevent this from happening. Looking at the blue lines, we can see that the land that was 
developed is lost, and also some agricultural lands, undeveloped uplands, and some freshwater 
wetlands. Meanwhile inland open water and mudflats area are gained in this alternative. In 
contrast, the adaptation strategies reduce the losses in developed, undeveloped, agricultural, 
and freshwater wetlands, and also reduce the gains in mudflats and inland open water. 

Comparing the green (NBA) and the red (CAA) shows that the NBA reduces the losses of both 
types of wetlands (salt and fresh) when compared with the CAA, and has less loss of beach 
areas compared to the CAA, although this result is slight. Meanwhile the NBA allows a greater 
loss of agriculture and other uplands when compared with the CAA because more are 
converted to wetlands. It also shows less of an increase in inland open water than is seen in the 
CAA.  

Clearly there are trade-offs for any decision going forward including the decision not to adapt at 
all, which is portrayed as the baseline scenario. The HEA analysis is helpful because it takes 
into account the value scores for the different types of land cover which were developed using 
stakeholder-specified priorities. The HEA approach also allows for credit to occur through time. 
This aspect of the analysis does two things. First, it allows decision makers to include 
consideration of the long term (in this case, 86 years) environmental impacts of their decision. 
Second, it allows decision makers to quantify these values in terms of the services they actually 
provide on an annual basis. For example, if wetland habitat is increased, then the wetland 
benefits (e.g. flood prevention, habitat) occur on an annual basis, and are not simply reflected 
as a change in acreage as shown in Figure 8.  
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Figure 8: Service Acre Changes from 2010 to 2100
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4.3.2 Total Ecosystem Services 
The net difference in all ecosystem services totaled for all land covers demonstrates the overall 
difference between the management scenarios. Figure 8 provides a summary of the net 
changes in the SAYs through time. For land cover value, the baseline scenario actually 
produces an increase in SAYs through time because the developed land with low ecosystem 
service value is being converted to inland open water, which has a higher land cover value (see 
Figure 6 and Table 11). The adaptation strategies that are simultaneously protecting developed 
lands each show lower ecosystem service values compared to the baseline. However, the NBA 
SAY total is always higher than the CAA SAY total. The inset in Figure 8 shows that sometime 
after the year 2030, both adaptation alternatives produce fewer SAYs than the Baseline 
scenario.  

The net difference in all ecosystem services totaled for all land cover types demonstrates the 
overall difference between the adaptation alternatives. In undiscounted SAYs, or if we did not 
discount future gains and losses at all under any of the three scenarios, the results suggest that 
the CAA strategy will produce 97,327 SAYs less than the baseline. That is, the sum of SAYs 
over the study period (2014 – 2100) is 97,327 less than the same total produced by the baseline 
scenario. The NBA will produce 52,835 fewer SAYs than the baseline, and so the improvement 
in performance of the NBA over the CAA is a gain of 44,492 SAYS (see Table 36). This result 
will change depending on assumptions about the discount rate which adjust future SAYs for the 
rate of time preference, uncertainty, and the opportunity cost of capital. Using a three percent 
discount rate, the discounted service acre year (dSAY) gain is reduced to 15,616. A three 
percent discount rate is recommended for decision making, but there are arguments that can be 
made about using different discount rates, and it is the research team’s view that decision 
makers should explore results at a variety of discount rates. At other discount rates, the total 
dSAYS might change from nearly 45 thousand, to over 15 thousand, to over 7 thousand at a 
seven percent discount rate (see Table 36). 
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and estuarine open water are other land covers that would likely trend toward a more natural 
state, rather than being equal to or similar to the two adaptation scenarios.  

To make better decisions about any adaptation strategy, an analysis of the value of changes in 
land cover types is essential. For this study, this analysis was completed for one area of 
Ventura County and then extrapolated to the larger coastal area. This method is appropriate for 
estimating values that can be used to compare broad alternative scenarios. However, for 
specific adaptation decisions, it is recommended that this approach be used with a more 
detailed and accurate estimate of the SLR induced land cover changes, and how the specific 
adaptation strategy will impact the local land covers.  
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5 Benefit Cost Analysis 
The analysis of the benefits presented in Chapter 4 is combined with costs over time to 
understand if either adaptation strategy is feasible. A feasible project is a project where the 
benefits exceed the costs. This can take different mathematical forms. Either the benefits 
divided by the costs is greater than the value of 1, or when costs are subtracted from benefits, 
the result is greater than zero. In either case, the results are developed by considering how 
benefits and costs occur through time, In this analysis (the NESA approach, which includes 
ecosystem services and the HEA results as well as recreation and other ecosystem services), it 
is also important to show how ecosystem services may affect the decision, and how changing 
assumptions can influence the outcome of the analysis. The latter process is typically called 
sensitivity analysis. Each is addressed below. 

5.1 Costs of Alternative Adaptation Scenarios 
The costs for both management scenarios were estimated using the best available information 
on construction costs, materials, and program costs. The cost estimates were developed by 
ENVIRON and reviewed by ESA PWA. Details of the unit cost and total cost for each restoration 
measure are included in Appendix G.  

For NBA infrastructure, the unit costs for beach and dune restoration, conversion of wetlands 
and agricultural areas, were all determined as the cost per acre of the land. The unit cost for 
construction of the ring levee was determined as the cost per one cubic yard, assuming 10 feet 
high levee with 3H:1V side slopes. The raising of the bulkheads were calculated using the cost 
per one linear foot of the bulkhead. The $100,000 per acre cost was assumed as the unit cost in 
relocating the McGrath State Beach Park property; $500,000 per acre was the cost assumed in 
relocating residential structures, and $150,000 per house was the cost in elevating existing 
residential houses. 

For CAA infrastructure, the unit cost of the revetment was based on the cost per linear foot of 
the revetment. The unit cost of new levees was based on the cost of the cubic yard of the levee 
material. Total costs of new tide gates and new tidal barriers were calculated as the lumped 
sum costs based on the available costs for similar structures. 

For the NBA strategy, the upfront cost totals over $856 million, with nearly half of that cost 
stemming from the costs of elevating 2,680 residential homes. Because the overall NBA cost is 
so sensitive to the cost of home elevation, additional information was sought. It is difficult to 
know how costs might decrease if there are many homes that are to be elevated and so the per 
unit cost is subject to market force changes in the future. In addition, it varies significantly by the 
size of the home and other factors. Because the benefit cost results are sensitive to this 
number, it is highlighted as an uncertainty worth exploring for   

Some of the costs (strengthen bulkheads, seawalls, and revetments in the harbors, and to build 
a small ring levee around the Mugu airfield and the north side of Ormond Beach restoration) are 
assumed to be repeated in years 2050 and 2070 to respond to higher sea levels, and for 
maintenance purposes. 
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For the CAA strategy, the upfront cost would be over $1 billion and are estimated to be slightly 
higher than the NBA upfront cost. Some of the most costly elements of the CAA scenario are 
the three tidal barrier/lock combinations designed to protect the harbors. These three elements 
create approximately half the costs of the program.  

Some of the costs (including reinforcing existing armoring, and building new revetments and 
ring levees) are assumed to be repeated in years 2050 and 2070 to respond to higher sea 
levels, and for maintenance purposes.  

Table 37 shows the two management scenarios and their respective costs. It is assumed in both 
cases that the initial construction costs are spread across a five year time horizon and that 
some costs are repeated in 2050 and 2070.  

The comparison shows that for both management scenarios costs are around $1 billion, with the 
NBA scenario slightly lower than the CAA. The CAA appears to be about 26 percent more costly 
over the first five years. However, once an adjustment is made for the on-going costs of  

Table 37: Comparing Costs of CAA and NBA 

 5 year costs Net Present Value 
NBA $856,044,622 $1,017,348,462 
CAA $1,074,554,548 $1,153,096,384 

CAA – NBA difference $218,509,926 $135,747,922 
% CAA higher than NBA 26% 13% 

both programs, and the long-term costs are converted and compared in terms of Net Present 
Value (NPV), the difference between scenarios is less, with the NBA costing $1.02 billion, and 
the CAA costing $1.15 in discounted 2014 dollars using a three percent discount rate. 

5.2 Benefits and Costs through Time  
The time horizon for this study is from 2014 through 2100; a period of 86 years. The appropriate 
way to think about benefits and costs is to anticipate all possible benefits and costs through the 
time horizon. In the case of the costs, most would occur during construction, or during the first 
five years. Additional maintenance and rebuilding costs were forecast for 2050 and 2070 so that 
all future costs would be included. Both future benefits and future costs are considered, and 
then added up using a discount factor to produce a ‘present value’ of all costs and benefits. 
Future benefits and costs are discounted for a variety of reasons including the social rate of time 
preference (that people tend to prefer benefits now to benefits later, and costs later to costs 
now) and to account for increasing degrees of uncertainty about future conditions.  

Spreading out the benefits over time is somewhat difficult because the occurrence of the 
hazards is not entirely predictable. The EMHW hazard is an estimate, but is slightly more 
predictable than some of the other measures. Erosion is likely to occur slowly, and so the 
benefit (reduced damages benefit) is assumed to occur evenly through time for both of these 
hazards. For the storm and wave hazards, both are connected to a storm actually occurring in a 
given year, and because this is difficult to predict, we again assume that the avoided damages 
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occur evenly through time. This produces a benefit that is connected to the expected annual 
damages, or EAD.  

Assuming that the storm and associated wave impacts were to occur with a frequency of once 
every 100 years, those damages are given an ‘expected’ value of one percent in any given year. 
With this assumption, the overall reduced damages, or benefits of the NBA scenario are $1.16 
billion, and the NPV of the CAA is a little higher, at $1.33 billion (see Table 38). Subtracting the 
costs from the benefits of each program produces the ‘net benefits’. The net benefits of the 
scenarios are $138 million and $180 million respectively for the NBA and the CAA. Because 
both alternatives produce positive net benefits, both are considered to be feasible alternatives. 

Table 38: Comparing Costs and Benefits of CAA and NBA (Storm = 1% Chance per Year) 

 
C - Net Present Value 

 of Costs 
B - Net Present Value 

 of Benefits B/C Ratio Net Benefits 
(B – C) 

NBA $1,017,348,462 $1,156,289,745  1.14 $138,941,283 

CAA $1,153,096,384 $1,333,697,150  1.16 $180,600,766 
CAA – NBA 
difference $135,747,922 $177,407,406  2.0% $41,659,484  

Change as % of 
NBA 13% 15% 2% 30% 

Another way to evaluate the results demonstrates that the benefit to cost ratio (BCR) for each is 
1.14 and 1.16 for the NBA and CAA respectively. Because the BCR is greater than 1 we also 
know that both alternatives are feasible, or expected to justify their costs. The CAA costs are 
about 13 percent higher than the NBA costs, and the benefits are about 15 percent higher. 
However, once costs have been subtracted, the net benefit results shows that the net benefits 
of the CAA are about 30 percent higher than the net benefits of the NBA before the other 
ecosystem services have been included (recreation losses and agricultural losses are included 
here). 

5.3 Sensitivity Analysis and Making Decisions 
For the purpose of making adaptation decisions, the first question is whether or not an option is 
feasible – or whether the benefits justify the costs. This analysis suggests that both proposed 
alternatives are feasible even prior to considering the value of the ecosystem services offered 
by land covers. The NBA alternative is feasible and provides greater net benefits than the CAA 
under reasonable assumptions about the value of ecosystem service. 

In the case of making a long term decision, such as the adaptation decision that applies for a 
time horizon of 86 years, the question of uncertainty is also important to consider. There is 
uncertainty in the analysis due to uncertainty in climate change assumptions, cost estimates, 
economic considerations, and many other sources such as limited modeling capabilities. To the 
extent that a decision maker is able to explore how the assumptions will change the outcome, 
their understanding of the significance of that uncertainty will be enhanced.  
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For example, two assumptions associated with the benefit cost model are explored below to 
examine two uncertain inputs to understand how they change our thinking about the adaptation 
question. The first assumption examines how frequent or infrequent might the modeled storm 
be. The storm and wave damages estimated in this document are based on a storm which is 
believed to have one percent chance of occurring in any given year. But what if it were actually 
an event with an expected frequency of one and a half percent per year (one in 75 years) or two  
percent (one in 50 years) or five percent (one in 20 years)? The results of these assumptions 
are presented below in Tables 39 through 41.  

Table 39 Comparing Costs and Benefits of CAA and NBA (Storm = 1.5% Chance per 
Year) 

 
Net Present Value 

 of Costs 
Net Present Value 

 of Benefits B/C Ratio Net Benefits 
(B – C) 

NBA $1,017,348,462  $1,329,448,229  1.31 $312,099,767 

CAA $1,153,096,384  $1,520,462,881  1.32 $367,366,497 
CAA – NBA 
difference $135,747,922  $191,014,652  1.2% $55,266,730  

Difference as % 
of NBA 13% 14% 1% 18% 

 

Table 40: Comparing Costs and Benefits of EBA and NBA (Storm = 2% Chance per Year) 

 
Net Present Value 

 of Costs 
Net Present Value 

 of Benefits B/C Ratio Net Benefits 
(B – C) 

NBA $1,017,348,462  $1,675,765,197  1.65 $658,416,735 

CAA $1,153,096,384  $1,893,994,341  1.64 $740,897,957 
CAA – NBA 
difference $135,747,922  $218,229,144  -0.5% $82,481,222  

Difference as % 
of NBA 13% 13% 0% 13% 

 

Table 41: Comparing Costs and Benefits of CAA and NBA (Storm = 5% Chance per Year) 

 
Net Present Value 

 of Costs 
Net Present Value 

 of Benefits B/C Ratio Net Benefits 
(B – C) 

NBA $1,017,348,462  $3,234,191,552  3.18 $2,216,843,090 

CAA $1,153,096,384  $3,574,885,914  3.10 $2,421,789,530 
CAA – NBA 
difference $135,747,922  $340,694,361  -7.9% $204,946,439  

Difference as % 
of NBA 13% 11% -2% 9% 

The results of this exercise are instructive. First, if the storm frequency is greater than one 
percent per year, the net benefits for either adaptation scenario dramatically increase from a few 
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hundred thousand dollars under the original assumption, to over two billion dollars if the storm 
has a frequency of five percent per year. Second, the BCRs improve accordingly. Third, 
because the cost of the NBA is lower than the CAA, the BCR for the NBA is higher than the 
CAA, if we assume that the storm will occur with frequency of two percent per year instead of 
one percent. The net benefits are still higher with the CAA compared to the NBA. Graphic 
representations of these different outcomes are shown in Figures 10 through Figure 13. 
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Figure 10: Comparing Costs and Benefits of CAA and NBA (Storm = 

1% Chance per Year) 
 

 
Figure 12: Comparing Costs and Benefits of CAA and NBA (Storm = 

2% Chance per Year) 
 

 
Figure 11: Comparing Costs and Benefits of CAA and NBA (Storm = 

1.5% Chance per Year) 
 

 
Figure 13: Comparing Costs and Benefits of CAA and NBA (Storm = 

5% Chance per Year)**NOTE VERTICAL AXIS has 
DIFFERENT SCALE** 
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The figures demonstrate that the benefits become increasingly larger than the costs the more 
frequent we anticipate the storm arriving.  

The second major assumption explored is the discount rate. There are many different 
approaches to determine an appropriate discount rate. These include legal and regulatory 
protocols, community rates of time preference, financial interest rates, and adjustments for 
uncertainty. For this effort, all costs and benefits are presented in current year dollars, which 
means that we do not inflate future benefits and costs to account for anticipated inflation 
although it will occur. Because future inflation is unknown, it is mathematically simpler to not 
inflate the dollar value estimates to reflect inflation. This is known as conducting the analysis in 
‘real’ dollars as opposed to ‘nominal’ dollars, and has an implication for the discount rate. If 
dollars are inflated to account for future year dollars, then when all values are summed into a 
present value, that inflation will need to be removed with the discount rate. A nominal discount 
rate should be higher than a real discount rate. Typically, a two to three percent discount rate is 
used because it is close to the social rate of time preference, the real return on investment, and 
a good representation of uncertainty. A three percent rate is used for all of the foregoing 
analysis presented above.  

It is prudent that decision makers reflect on how assumptions about discounting for the future 
may produce a different result in the analysis. It is worth exploring alternative discount rates and 
how decisions might change given different assumptions. Tables 42 through 44 show how the 
results of the estimates from the parcel database will be influenced by assumptions about the 
discount rate. Table 42 shows how undiscounted values (a zero percent discount rate) 
significantly increase the present value of the benefits (which occur throughout the study time 
horizon) when compared with costs (which are experienced much more in the near future). 
Table 42 shows how a one percent discount rate reduces the value of the benefits from the 
undiscounted version by about half. The results for a three percent discount rate are shown 
above in Table 34, and are about 10 percent of the benefits determined when using a one 
percent discount rate. These significant changes occur because the benefits occur over an 86 
year time frame (2014 – 2100), while the costs are assumed to occur all in the first year (for 
simplicity). Finally, if we use a higher discount rate (which could be argued, given the degree of 
uncertainty in this analysis), we see that benefits from these impacts alone do not sufficiently 
justify the costs. (N.B., the storm frequency is returned to a one percent probability in Tables 42-
44).  

Graphical representations of the gains and losses and how they change given different discount 
rates are shown in Figures 14 through 17. 

The purpose of demonstrating the sensitivity of these decisions to input assumptions is to 
emphasize how benefit cost analysis should be used as a tool to inform decision makers and 
not simply to provide decision makers with an answer. The same thinking is brought to bear on 
the next section that addresses incorporating the value of land cover types into the decision 
framework. 
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Table 42: Comparing Costs and Benefits of CAA and NBA (Discount rate = 0%)) 

 
Net Present Value 

 of Costs ($ Millions) 
Net Present Value 

 of Benefits ($ Millions) B/C Ratio Net Benefits 
(B – C) 

NBA $1,017  $4,637  4.56 $3,620 

CAA $1,153  $5,422  4.70 $4,269 
CAA – NBA 
difference $135 $785  14.4% $649  

difference as % 
of NBA 13% 17% 3% 18% 

 

Table 43: Comparing Costs and Benefits of EBA and NBA (Discount rate = 1%)) 

 
Net Present Value 

 of Costs ($ Millions) 
Net Present Value 

 of Benefits ($ Millions) B/C Ratio Net Benefits 
(B – C) 

NBA $1,017  $2,686  2.64 $1,668 

CAA $1,153  $3,123  2.71 $1,970 
CAA – NBA 
difference $136  $437  6.8% $301  

Difference as % 
of NBA 13% 16% 3% 18% 

 

Table 44: Comparing Costs and Benefits of CAA and NBA (Discount rate = 5%) 

 
Net Present Value 

 of Costs ($ Millions) 
Net Present Value 

 of Benefits ($ Millions) B/C Ratio Net Benefits 
(B – C) 

NBA $1,017 $670 0.66 -$347 

CAA $1,153 $772 0.67 -$381 

CAA – NBA 
difference $136 $102 1.1% ($34) 

difference as % 
of NBA 13% 15% 2% 10% 
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Figure 14: Comparing Costs and Benefits of CAA and NBA (Discount 

rate of 0 %) 
 

 
Figure 16: Comparing Costs and Benefits of CAA and NBA 

(Discounted at 3%) 

 
Figure 15: Comparing Costs and Benefits of CAA and NBA 

(Discounted at 1 %) 
 

 
Figure 17: Comparing Costs and Benefits of CAA and NBA 

(Discounted at 5%) 
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5.4 Incorporating Ecosystem Services 
The initial results from the parcel database demonstrate that designing adaptation with 
conservation of ecosystem services in mind, is nearly as effective in mitigating risk as designing 
with traditional engineering solutions. Consequently, quantifying the ecosystem services is an 
important criterion in selecting a design.  

The analysis below adds in the net ecosystem service values developed Section 4.3. The 
analysis showed that the NBA always produced higher SAYs than the CAA. Consequently, the 
benefits and costs need to include values for the ecosystem services of the land. Figure 18 
shows how the value of the net dSAYS could figure into a benefit cost decision using the 100 
year storm frequency with a three percent discount rate. The net benefits, or the benefits minus 
the costs from the parcel data base results are shown in red, and the value of one SAY is 
assumed to be $2,000. That is, if we assume the services of one acre of saltwater wetland is 
worth $2,000 per year, then the results would still favor the CAA approach over the NBA 
approach. However, in Figure 19, the same result is produced assuming that one SAY is worth 
$5,000. In this case the total net benefits of the NBA are now greater that the CAA. 

Figure 18: Benefits and Costs of Climate Change Adaptation Scenarios (One Saltwater Wetland 
Service Acre Year = $2,000) 

  







 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

Conclusions and Recommdations 73 ENVIRON 

6 Conclusions and Recommendations 
This research comprehensively analyzed two alternative strategies for climate change 
adaptation in Ventura County California. One strategy focuses on adaptation that takes 
advantage of natural processes and the other employs more traditional engineering based 
strategies involving coastal armoring. The purpose of the effort is to explore how the two 
strategies compare in terms of benefits and costs through time. The approach incorporates 
formal quantification of combined ecosystem services by land cover type for the study area. The 
study provides a holistic means of evaluating adaptation decisions going forward. Conclusions 
and recommendations for further research are offered below.  

6.1 Conclusions 
Several conclusions can be drawn from this research.  

• Nature-based approaches to climate change adaptation can provide benefits in terms of 
damages reduced that are comparable to coastal armoring approaches. 

• The Net Ecosystem Services Approach (NESA) blends environmental gains and losses 
with traditional monetary metrics in a theoretically consistent manner.  

• Baseline estimates of coastal damage total $1.75 billion in net present value using a three 
percent discount rate, and assuming a static storm frequency of one percent per year for 
the modeled event.  

• For the CAA alternative, the benefits are expected to exceed the costs using three percent 
discount and a storm frequency of one percent chance per year for the modeled event. 

• For the NBA alternative, the benefits are also expected to exceed the costs using three 
percent discount and a storm frequency of one percent chance per year for the modeled 
event. 

• If the value of the services of a saltwater wetland for one year are assumed to be greater 
than $3,000 per year, the NBA will produce greater net benefits than the CAA approach. 

• The analysis includes estimates for wave damage, which has not been extensively studied 
before in economic terms.  

• The analysis does not include other storms at different frequencies and so may be 
considered a low estimate of damages and benefits from adaptation. 

• Many factors affect good adaptation decisions. This analysis allows users to explore how 
choices compare as assumptions about storm frequencies, discount rates, and the value of 
ecosystem services are varied.  

• Secondary factors that also influence outcomes are:  

– Cost estimates 

– SLR severity 

– Model accuracy, and 

– Baseline definition 
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6.2 Recommendations for Further Research 
Additional research surrounding the benefits and costs of climate change adaptation in Ventura 
County can build on the current analysis and improve the usefulness for decision makers. The 
parcel database developed for this research can be utilized to evaluate specific adaptation 
questions. More detailed analyses of local adaptation choices would not only aid local decision 
makers but provide interesting results to inform others of the types of conditions that favor 
different adaptation strategies. 

Because the purpose of this research is to provide useful tools for local stakeholders, some of 
the information developed in this report could be developed more fully into a user-friendly 
spreadsheet tool that would allow decision makers to alter assumptions (such as was done in 
the sensitivity analysis in Chapter 5) and explore how benefits and costs change under different 
assumptions.  

Several additional recommendations pertain to the incorporation of ecosystem services analysis 
into the decision making tool. It would be important to obtain a better understanding of the 
actual gains and losses of ecosystem services from management actions and climate change. 
As demands for these services increase and supply decreases, the value of services such as 
clean water, flood protection, food supply and others will become significantly more valuable. 
Given the budget and time constraints, the current analysis only provides a rough estimate of 
the ecosystem services at risk of SLR. Ideal data for such an analysis should include spatial and 
temporal aspects of changing land cover/habitats in combination with an understanding and 
valuation of the ecosystem services provided to society as those land forms change through 
time. Currently, the only easily utilized data that provides the necessary change in land use 
through time is the SLAMM Model.  

Other research that could build on existing work might be: 

• Regional economic impact analysis 

• Applying the same approach and data to specific adaptation projects in Ventura. In these 
cases, location specific benefits and costs could be calculated with greater accuracy.  

• Improve the understanding and valuation by stakeholders for ecosystem services. This 
would include both an informational phase that clearly explains what ecosystem services 
are and where they are derived in terms of habitats and land cover types. The second 
phase would be a more focused evaluation of the values that stakeholders place on 
ecosystem services. This would improve a critical component of the NESA, which is the 
value placed on services and therefore habitats.  

•  Include slope and shape of the ecosystem service recovery curves (e.g., linear, 
logarithmic, sigmoidal, etc.) following changes in HEA. This would recognize and 
incorporate the fact that full functioning ecosystems take time to develop.  

• Incorporate ecological components into the modeling aspect. Currently, the SLAMM model 
is driven by physical components (e.g. hydrology, sediment transport, etc). Integration of 
the actual ecological evolution of habitat types and the service functions they provide 
would greatly improve the estimates. A fabulous source of information that could be 
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incorporated is the historical ecology of the lower Santa Clara River, Ventura River and 
Oxnard Plain (Beller et al.). This analysis of terrestrial, riverine and coastal habitats 
provides extremely valuable insights into what could be expected if nature was allowed to 
restore ecosystems and ecosystem function.  

•  Examine the ecosystem service changes by an analysis of the important linkages between 
the impacts of climate change and management actions and ecological functions. This 
approach has been employed in a quantitative fashion on several Habitat Conservation 
Plans. 

• Explore costs associated with saltwater intrusion from SLR for agriculture, municipal, and 
other water users.   
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Table A-2:  Population Projections* (2010-2040) 

Area 

Population Population Growth 

2010 2020 2040 2010-
2020 

2020-
2040 

2010-
2040 

City of Oxnard 197,899 217,293 241,834 9.8% 11.3% 22.2% 

City of Port Hueneme 21,723 21,313 23,920 -1.9%* 12.2% 10.1% 

City of Ventura (San Buenaventura) 106,433 112,913 132,783 6.1% 17.6% 24.8% 

Ventura County 823,318 867,535 960,528 5.4% 10.7% 16.7% 

California 37,253,956 40,643,643 47,690,186 9.1% 17.3% 28.0% 

Note: 
* Projections for Ventura County and the State of California are available through DoF 2013. The most reliable 
projections for the cities are available in VCOG 2008. However, the VCOG projections are older and based on the 
2000 Census populations. These were updated for each city by adjusting the total county projection to the 2013 DoF 
projection and parsing out the cities based on the share of the county population in the VCOG projection. This 
approach may have resulted in some discrepancies, such as a negative growth rate for City of Port Hueneme 
between 2010 and 2020. 
Sources: 
United States Census Bureau, American FactFinder. Website 
(http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml###) accessed August 20, 2013. 
California Department of Finance (DoF), Demographic Research Unit. January 31, 2013. Report P-1 (County) - State 
and County Population Projections - July 1, 2010-2060 (5-year increments). Available at 
(http://www.dof.ca.gov/research/demographic/reports/projections/) accessed August 27, 2013. 
Ventura Council of Governments (VCOG). May 2008. 2040 Population Forecast - Ventura Cities and County. 
Available at (http://www.ventura.org/rma/planning/pdf/demograghics/2040_revised_Decapolis%205_23_08_Final.pdf) 
accessed August 27, 2013. 

A.4 Income-related Measures of Social Well-Being 
As derivatives of total personal income, per capita and median household income, poverty 
rates, and unemployment rates represent widely used economic indicators of social well-being. 
Table A-3 presents these socioeconomic data for the three coastal cities, Ventura County, the 
State of California, and the U.S. In 2011, per capita income in Ventura County was $32,740, 
exceeding the Statewide level of $29,634. At $31,775, per capita income in the City of Ventura 
also exceeded the Statewide average. Conversely, per capita incomes in the cities of Oxnard 
and Port Hueneme were 69.6 percent and 78.9 percent of the Statewide average, respectively.  

Median household incomes for the County and cities of Oxnard and Ventura all exceeded the 
Statewide average in 2011. Only the median household income in Port Hueneme was less than 
that Statewide average. The median household income in Ventura County was $76,728 in 2011, 
while that in the cities of Oxnard, Port Hueneme, and Ventura were $60,191, $52,244, and 
$66,226, respectively. 

A third indicator, poverty rate, represents the percentage of an area’s total population living at or 
below the poverty threshold established by the U.S. Census Bureau. Based on available data 
for 2011, the poverty rate was 9.9 percent in Ventura County, 15.3 percent in Oxnard, 15.1 
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percent in Port Hueneme, and 10.5 percent in Ventura. The poverty rate at the State level (14.4 
percent) exceeded that for Ventura County and the City of Ventura. 

Finally, the unemployment rate represents the percentage of the labor force that is unemployed 
and is actively seeking employment. In July 2013, Ventura County experienced an 
unemployment rate (8.0 percent), below the statewide level (8.7 percent). The City of Ventura 
had an even lower unemployment rate of 7.2 percent. However, the unemployment rate for both 
the City of Oxnard (10.9 percent) and the City of Port Hueneme (9.4 percent) exceeded the 
statewide level. 

Table A-3:  Income, Poverty Rates, and Unemployment Rates 

Area 
Per Capita 

Income 
(2011) 

Median 
Household 

Income (2011) 

Poverty 
Rate (2011) 

Unemployment 
Rate (July 2013) 

City of Oxnard $20,612 $60,191 15.3% 10.9% 

City of Port Hueneme $23,391 $52,244 15.1% 9.4% 

City of Ventura (San 
Buenaventura) $31,775 $66,226 10.5% 7.2% 

Ventura County $32,740 $76,728 9.9% 8.0% 

California $29,634 $61,632 14.4% 8.7% 

United States $27,915 $52,762 14.3% 7.4% 

Some recent trends and factors affecting the economy of Ventura County are discussed below: 

1. The County’s median age is 36.2, and nearly half of the population is either under the 
age of 20 or over the age of 60. This is a key observation for the future of Ventura 
County. 

2. The economy of Ventura County is dependent on the economies of Santa Barbara and 
Los Angeles counties because of the large proportion of the population that lives in 
Ventura County, but commutes to these two counties for work because it is more 
affordable and these dwellers can enjoy a better lifestyle. Due to the economic downturn 
in these two counties, the economy of Ventura County saw its share of the effects.  

3. Based on employment numbers, hospitality and leisure is a major part of the economy of 
Ventura County (after government and retail). While tourism did get a big hit during the 
recession, it is recovering now. 

4. Generally, the higher income people are still there, but populations of working age and 
low-income people are shrinking. 

5. It did not get hit by the housing bubble too much because there was not much excess 
housing inventory. 

6. While coastal areas tend to do better than the State in terms of job growth in CA, job 
growth in Ventura County has been surprisingly volatile. 
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A.5 Cities within the Study Region 
This section presents brief discussions of the main cities in coastal Ventura County. In addition 
to the Naval Base Ventura County (NBVC), which supports significant employment and 
community as an incorporated city does, the cities of Oxnard, Ventura, and Port Hueneme fall 
within the study area.  

A.5.1 City of Oxnard 
The City of Oxnard is Ventura County’s largest city, and is located in Western Ventura county 
midway between Santa Barbara and Los Angeles. Oxnard is situated within easy driving 
distance of virtually every major visitor attraction in the region. Oxnard combines the 
sophistication of a modern big city with the easy-going charm of a scenic beach town. Oxnard 
can boast about many things including, a wonderful climate, great restaurants, beaches, and 
diverse multicultural population in an ever-evolving community. 

Top Employers (2010) 

• St. John’s Regional Medical Center-Medical (1,393) 

• Haas Automation-Engineering (1,200) 

• City of Oxnard-Government (1,122) 

• Verizon-Communications (860) 

• Waterway Plastics Inc-Plastic (700) 

• Procter & Gamble-Paper Products Manufacturing (650) 

• Boskovich Farms-Produce (600) 

• Sysco Food Services of Ventura-Food (500) 

• Workrite Uniform Co Inc-Clothing (405) 

• Gills Onions-Produce (400) 

A.5.2 City of Port Hueneme 
The City of Port Hueneme is a small coastal city located 60 miles northwest of Los Angeles and 
40 miles south of Santa Barbara. It is generally bounded by Naval Base Ventura County on the 
west, the City of Oxnard to the north and east, and the Pacific Ocean to the south. The City is 
nearly completely built-out with approximately one acre of vacant residential land and five acres 
of vacant commercial land remaining. 

Its desirable beach-style living and plentiful business opportunities delight every native and 
newcomer. Residents and visitors enjoy strolling along the 50-acre Hueneme Beach Park, and 
businesses benefit from the city being home to the largest commercial deepwater harbor 
between Los Angeles and San Francisco. Port Hueneme is also home to one of Naval Base 
Ventura County’s three operating facilities. Residents consistently cite the high quality of life 
offered due to planned development, excellent public facilities and responsive city services as 
being primary reasons for choosing to live in the city.  
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EBA-TB2: Construction of a tide gate near the western arm of Mugu Lagoon.  

EBA-LV1: Ring levee and armoring around power plants. The ring levees are assumed to be 
constructed with clay and protected with geotechnical membranes. Armoring (e.g. revetment 
would be included along the shore-facing side of the power plants to protect levee from 
erosion). 

Location: (a) Mandalay Power Plant 

 (b) Ormond Beach Generating Station (in tandem with EBA-EL1a) 

EBA-LV2: Construction of a new levee. The levee construction cost assumes hauling, filling, 
and compaction from a locally available sediment source. 

Location:  (a) Around NBVC to protect runways and facilities. NBVC would only flood under 
some SLR flood hazard scenarios, and sometimes not until year 2100. 
(b) Along the inland edge of the Ormond Beach Wetland Restoration (EBA-WL1) 

EBA-LV3: Strengthen/raise existing levee along Calleguas Creek between HWY1 and 
Hueneme Road. This is the EBA alternative to NBA-MR9, which involves lowering the levees 
and creating riparian habitat along the sides of Calleguas Creek. 

B.1.7 Additional Elements 
EBA-EL1: Raise roads to remove from hazard zones. Roads would be raised to remove them 
from regular tidal inundation or also during coastal storms if the access way is required during 
an emergency. 

Location: (a) Access road to Ormond Beach Generating Station  

EBA-WL1: Small scale restoration of Ormond Beach (Alternative 3C: Enhance existing non-
tidal wetlands (constrained)) along TNC and Coastal Conservancy properties. Even the small-
scale restoration (e.g. alt 3c) would still enable some habitat migration to occur. 

• Figure 1. Tiles for Adaptation Strategy Maps 

• Figure 2. Nature Based Adaptation Maps 

• Figure 3. Engineering Based Adaptation Maps 

• Table 1. Lengths and Areas of Nature Based Adaptation Components 

• Table 2. Lengths and Areas of Engineering Based Adaptation Components 
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Sea Level Affecting Marshes Model (SLAMM)
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Beach Width Analysis 

 



 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

  ENVIRON 

Appendix E 

Brief Annotated Bibliography of Literature Related to Costs and Benefits of 
Climate Change Adaptation
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Brief Annotated Bibliography of Literature Related to the 
Costs and Benefits of Adaptation 
This section summarizes some of the research and guidance that has been developed 
describing how benefits and costs of climate change, and climate change adaptation have been 
evaluated. This review covers the impacts of SLR, potential adaptation costs, and models that 
are already in place to facilitate quantification of economic impacts.  

Nicholls et al. (2007) Coastal Systems and Low-lying Areas. Climate Change 2007: Impacts, 
Adaptation and Vulnerability 

This is one chapter (Chapter 6) of a larger global study by the Intergovernmental Panel on 
Climate Change (IPCC); “IPCC Fourth Assessment Report (AR4), Climate Change 2007: 
Impacts, Adaptation and Vulnerability.” In addition to presenting tools for assessing types of 
adaptation, it presents the costs of adaptation, covering the range from specific interventions to 
global aggregations, based on available literature on the topic. Selected comparative costs of 
coastal adaptation measures are presented in Table 6.11 of the report. The authors observe 
that financial cost is not the only criterion on which adaptation should be judged – local 
conditions and circumstances might result in a more expensive option being favored, especially 
where multiple benefits result. 

UNFCC (2009) United Nations Framework Convention on Climate Change: Potential Costa and 
Benefits of Adaption Options: A Review of Existing Literature  

This study provides an assessment of literature on costs and benefits of adaptation. Three 
aggregation levels were assessed: global studies, national studies, and a brief selection of local 
studies. It assesses the approaches and methods used, their applications and outputs, and their 
strengths and weaknesses. Where possible, it also compares the studies. The paper 
investigates the costs of adaptation, defined as “the costs of planning, preparing for, facilitating, 
and implementing adaptation measures, including transition costs.” It also investigates the 
benefits of adaptation, defined as “the avoided damage costs or the accrued benefits following 
the implementation of adaptation measures.” For both of these aspects, this paper considers the 
economic costs and benefits of adaptation, considering the wider costs and benefits to society 
as a whole, rather than financial ones alone. The document provides a synthesis of global-, 
national-, and local-level studies in tabular forms (for example, Table 11). The authors observe 
that there is a continued lack of detailed analyses of the costs and benefits of adaptation, 
including in a form that is relevant to decisions on public funding. 

Nicholls (2003) Case Study on Sea Level Rise Impacts  

This work examines the potential impacts of human-induced sea-level rise in the context of the 
evolving coastal system, rather than simply imposing sea-level rise on today’s coastal zone and 
its activities. The observed and likely changes in sea level are considered over the 20th and 
21st Century and beyond to illustrate the long time scales associated with this issue. The paper 
includes a consideration of the effects of mitigation on sea-level rise. The paper also presents 
and discusses an appropriate conceptual framework for considering the impacts of sea-level 
rise. Further, the paper reviews the impacts of sea-level rise, including the potential for 
adaptation. The potential costs of adaptation/protection based on country studies (including the 
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US) and costs associated with sea-level rise in the US based on various studies are presented 
in Tables 2 and 3, respectively, in Chapter 4. Further discussion on adaptation is provided in 
Chapter 5. 

Watkiss et al (2010) The Costs and Benefits of Adaptation in Europe: Review Summary and 
Synthesis  

This policy brief summarizes the review and synthesis work on the costs and benefits of 
adaptation to climate change in Europe. The review covers about 50 European, sectorial, 
regional, and national studies, as well as global studies that report information for Europe. 
Among other findings, the authors observe that the coverage of the adaptation cost estimates is 
limited, though the evidence base in now growing (though it is primarily in the gray literature). 
The briefing reports the estimates for adaptation costs from the various studies, and also 
provides examples of different decision support tools in adaptation in Europe. 

Cooley et al. (2012) Social Vulnerability to Climate Change in California  

This work presents the development of a new climate vulnerability index to indicate the social 
vulnerability of a region’s population to climate‐related harm. The index combines 19 indicators 
into one overall climate vulnerability score and includes factors specifically related to climate 
impacts, such as air conditioner ownership, childhood obesity, and percentage of tree cover, 
pre‐term births, workers in outdoor occupations, and others. 

Cayan et al. (2012) Climate Change Scenarios and SLR Estimates for California 2008 Climate 
Change Scenarios Assessment   

This analysis provides an evaluation of physical elements of climate change and SLR that are 
contained in the California Climate Change Vulnerability and Adaptation Assessment. Section 6 
in particular discusses sea-level rise. 

Garzon et al. (2012) Community Based Climate Action Planning: A Case Study of Oakland 
California.  

The authors provides a detailed analysis of climate impacts, vulnerabilities, and adaptation 
options in Oakland, California. The goal of this study was to inform the development of a 
comprehensive and equitable climate adaptation plan effort. This research project engaged 
active members of the Oakland Climate Action Coalition, including community-based 
organizations and resident leaders, in analyzing both the impacts of, and social vulnerabilities 
to, climate change. Further, adaptation strategies that can be implemented at the local level, 
and their advantages and disadvantages are discussed. It also identifies social equity concerns. 
Finally, it identifies trends and best practices in climate adaptation planning processes. 

Grannis (2011) Threat of Seal Level Rise Costs and Benefits of Adaptation in European Coastal 
Countries.  

This work is geared towards local and state governments and their citizens and provides them 
with practical knowledge to help adapt to sea-level rise. The Tool Kit offers a menu of generally 
used legal devices that can reduce future effects. 
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Perez (2009) Potential Impacts of Climate Change on California’s Energy Infrastructures and 
Identification of Adaptation Measures 

This work presents a brief discussion about potential impacts to California’s energy 
infrastructure and concludes with the identification of adaptation or coping strategies that the 
State could implement in the near future. 



 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

  ENVIRON 

Appendix F 

Extrapolation of SLAMM Results



 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

  ENVIRON 

Appendix G 

Elements of Adaptation Costs



 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

  ENVIRON 

 



 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

  ENVIRON 

Appendix A 

Current Conditions in Ventura County 

 









 Economic Analysis of Nature-Based Adaptation to  
 Climate Change, Ventura County, CA 

Appendix A:  
Current Conditions/Baseline Scenario A-4 ENVIRON 

Table A-2:  Population Projections* (2010-2040) 

Area 

Population Population Growth 

2010 2020 2040 2010-
2020 

2020-
2040 

2010-
2040 

City of Oxnard 197,899 217,293 241,834 9.8% 11.3% 22.2% 

City of Port Hueneme 21,723 21,313 23,920 -1.9%* 12.2% 10.1% 

City of Ventura (San Buenaventura) 106,433 112,913 132,783 6.1% 17.6% 24.8% 

Ventura County 823,318 867,535 960,528 5.4% 10.7% 16.7% 

California 37,253,956 40,643,643 47,690,186 9.1% 17.3% 28.0% 

Note: 
* Projections for Ventura County and the State of California are available through DoF 2013. The most reliable 
projections for the cities are available in VCOG 2008. However, the VCOG projections are older and based on the 
2000 Census populations. These were updated for each city by adjusting the total county projection to the 2013 DoF 
projection and parsing out the cities based on the share of the county population in the VCOG projection. This 
approach may have resulted in some discrepancies, such as a negative growth rate for City of Port Hueneme 
between 2010 and 2020. 
Sources: 
United States Census Bureau, American FactFinder. Website 
(http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml###) accessed August 20, 2013. 
California Department of Finance (DoF), Demographic Research Unit. January 31, 2013. Report P-1 (County) - State 
and County Population Projections - July 1, 2010-2060 (5-year increments). Available at 
(http://www.dof.ca.gov/research/demographic/reports/projections/) accessed August 27, 2013. 
Ventura Council of Governments (VCOG). May 2008. 2040 Population Forecast - Ventura Cities and County. 
Available at (http://www.ventura.org/rma/planning/pdf/demograghics/2040_revised_Decapolis%205_23_08_Final.pdf) 
accessed August 27, 2013. 

A.4 Income-related Measures of Social Well-Being 
As derivatives of total personal income, per capita and median household income, poverty 
rates, and unemployment rates represent widely used economic indicators of social well-being. 
Table A-3 presents these socioeconomic data for the three coastal cities, Ventura County, the 
State of California, and the U.S. In 2011, per capita income in Ventura County was $32,740, 
exceeding the Statewide level of $29,634. At $31,775, per capita income in the City of Ventura 
also exceeded the Statewide average. Conversely, per capita incomes in the cities of Oxnard 
and Port Hueneme were 69.6 percent and 78.9 percent of the Statewide average, respectively.  

Median household incomes for the County and cities of Oxnard and Ventura all exceeded the 
Statewide average in 2011. Only the median household income in Port Hueneme was less than 
that Statewide average. The median household income in Ventura County was $76,728 in 2011, 
while that in the cities of Oxnard, Port Hueneme, and Ventura were $60,191, $52,244, and 
$66,226, respectively. 

A third indicator, poverty rate, represents the percentage of an area’s total population living at or 
below the poverty threshold established by the U.S. Census Bureau. Based on available data 
for 2011, the poverty rate was 9.9 percent in Ventura County, 15.3 percent in Oxnard, 15.1 
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percent in Port Hueneme, and 10.5 percent in Ventura. The poverty rate at the State level (14.4 
percent) exceeded that for Ventura County and the City of Ventura. 

Finally, the unemployment rate represents the percentage of the labor force that is unemployed 
and is actively seeking employment. In July 2013, Ventura County experienced an 
unemployment rate (8.0 percent), below the statewide level (8.7 percent). The City of Ventura 
had an even lower unemployment rate of 7.2 percent. However, the unemployment rate for both 
the City of Oxnard (10.9 percent) and the City of Port Hueneme (9.4 percent) exceeded the 
statewide level. 

Table A-3:  Income, Poverty Rates, and Unemployment Rates 

Area 
Per Capita 

Income 
(2011) 

Median 
Household 

Income (2011) 

Poverty 
Rate (2011) 

Unemployment 
Rate (July 2013) 

City of Oxnard $20,612 $60,191 15.3% 10.9% 

City of Port Hueneme $23,391 $52,244 15.1% 9.4% 

City of Ventura (San 
Buenaventura) $31,775 $66,226 10.5% 7.2% 

Ventura County $32,740 $76,728 9.9% 8.0% 

California $29,634 $61,632 14.4% 8.7% 

United States $27,915 $52,762 14.3% 7.4% 

Some recent trends and factors affecting the economy of Ventura County are discussed below: 

1. The County’s median age is 36.2, and nearly half of the population is either under the 
age of 20 or over the age of 60. This is a key observation for the future of Ventura 
County. 

2. The economy of Ventura County is dependent on the economies of Santa Barbara and 
Los Angeles counties because of the large proportion of the population that lives in 
Ventura County, but commutes to these two counties for work because it is more 
affordable and these dwellers can enjoy a better lifestyle. Due to the economic downturn 
in these two counties, the economy of Ventura County saw its share of the effects.  

3. Based on employment numbers, hospitality and leisure is a major part of the economy of 
Ventura County (after government and retail). While tourism did get a big hit during the 
recession, it is recovering now. 

4. Generally, the higher income people are still there, but populations of working age and 
low-income people are shrinking. 

5. It did not get hit by the housing bubble too much because there was not much excess 
housing inventory. 

6. While coastal areas tend to do better than the State in terms of job growth in CA, job 
growth in Ventura County has been surprisingly volatile. 
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A.5 Cities within the Study Region 
This section presents brief discussions of the main cities in coastal Ventura County. In addition 
to the Naval Base Ventura County (NBVC), which supports significant employment and 
community as an incorporated city does, the cities of Oxnard, Ventura, and Port Hueneme fall 
within the study area.  

A.5.1 City of Oxnard 
The City of Oxnard is Ventura County’s largest city, and is located in Western Ventura county 
midway between Santa Barbara and Los Angeles. Oxnard is situated within easy driving 
distance of virtually every major visitor attraction in the region. Oxnard combines the 
sophistication of a modern big city with the easy-going charm of a scenic beach town. Oxnard 
can boast about many things including, a wonderful climate, great restaurants, beaches, and 
diverse multicultural population in an ever-evolving community. 

Top Employers (2010) 

• St. John’s Regional Medical Center-Medical (1,393) 

• Haas Automation-Engineering (1,200) 

• City of Oxnard-Government (1,122) 

• Verizon-Communications (860) 

• Waterway Plastics Inc-Plastic (700) 

• Procter & Gamble-Paper Products Manufacturing (650) 

• Boskovich Farms-Produce (600) 

• Sysco Food Services of Ventura-Food (500) 

• Workrite Uniform Co Inc-Clothing (405) 

• Gills Onions-Produce (400) 

A.5.2 City of Port Hueneme 
The City of Port Hueneme is a small coastal city located 60 miles northwest of Los Angeles and 
40 miles south of Santa Barbara. It is generally bounded by Naval Base Ventura County on the 
west, the City of Oxnard to the north and east, and the Pacific Ocean to the south. The City is 
nearly completely built-out with approximately one acre of vacant residential land and five acres 
of vacant commercial land remaining. 

Its desirable beach-style living and plentiful business opportunities delight every native and 
newcomer. Residents and visitors enjoy strolling along the 50-acre Hueneme Beach Park, and 
businesses benefit from the city being home to the largest commercial deepwater harbor 
between Los Angeles and San Francisco. Port Hueneme is also home to one of Naval Base 
Ventura County’s three operating facilities. Residents consistently cite the high quality of life 
offered due to planned development, excellent public facilities and responsive city services as 
being primary reasons for choosing to live in the city.  
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Nature Based Adaptation (Channel Islands Harbor and Port Hueneme)
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