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2.3 Existing FEMA Flood Zones 
FEMA provides flood insurance rate maps (FIRMs) showing flood hazard information in support 
of the National Flood Insurance Program (NFIP). FEMA maps include Base Flood Elevations 
(BFEs) for flooding with a 1% chance of occurrence in a given year (otherwise known as a “100-
year event”) from coastal and rainfall sources. FEMA maps show flood risk for current 
conditions. FEMA maps do not include coastal erosion or consider future coastal flooding or 
hazards resulting from sea-level rise. The City of Santa Barbara Flood Plain Management 
Ordinance (Municipal Code Section 22.24) requires certain building standards based upon the 
location of the flood hazard zones and BFEs contained on FEMA FIRMs. 

This Vulnerability Assessment addresses future coastal hazards with projected sea-level rise for 
the purpose of informing adaptation planning and policy development. This Vulnerability 
Assessment is based on the U.S. Geological Survey’s Coastal Storm Modeling System (CoSMoS) 
results, which are described further in Section 3. CoSMoS provides coastal flood hazard results 
for a coastal storm with an approximate 1% annual chance or 100-year event, including flood 
hazards due to creek/river flows estimated to occur during such a coastal storm.7,8 In contrast to 
FEMA maps, CoSMoS results do not include flood hazards due to the 1% annual chance or 100-
year river flow. Nuance of these differences is discussed in Appendix C. 

Figure 2 presents the FEMA special flood hazard areas for the City of Santa Barbara. A 
significant portion of Santa Barbara is mapped in the FEMA 100-year floodplain, due primarily 
to fluvial (river and creek) sources, including Mission Creek, Laguna Channel, Sycamore Creek, 
and Arroyo Burro Creek. The downtown Santa Barbara area north of Highway 101 is a low-lying 
area with restricted drainage, and has flooded during historical precipitation storm events. Along 
the coast, areas denoted Zone VE indicate that waves are a main contributor to the BFEs. Coastal 
areas denoted Zone AE, for example at the outlet of Sycamore Creek in the east of the City, 
indicate that while waves are present, they are significantly lower in elevation than the fluvial 
flood hazards. Section 3.10 includes further comparison and discussion of FEMA flood mapping 
and the coastal hazard mapping used for this Vulnerability Assessment. Appendix E includes 
FEMA FIRM panels for the study area. 

  

                                                      
7 Note that CoSMoS flood hazard results for the 100-year coastal event and fluvial (river and creek) flooding during 

the coastal storm event are less extensive than FEMA’s mapping of the 100-year fluvial flood extents because 
CoSMoS’ estimates of the fluvial flows in Arroyo Burro, Mission creek, and Sycamore creek during the 100-year 
coastal storm are less than FEMA’s estimates of the 100-year fluvial flows due to extreme inland precipitation 
events. 

8 FEMA also determines the flood extent and BFEs using statistics to estimate the 1% annual chance conditions 
based on many possible storms and runoff events, while CoSMoS uses a single storm with a 1% annual chance. 
CoSMoS’ selection of a single storm may capture most flooding at the 1% chance level, but may not fully capture 
the extent of 1% chance flooding. 
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TABLE 1 
 DESCRIPTIONS OF SUBAREAS IN STUDY AREA 

Subarea Location 

Shore 
Development 
Type 

Shoreline and 
Backshore Types Other Key Facilities/Landmarks 

Subarea A Sea Ledge Lane to 
west side of Arroyo 
Burro 
Beach County Park 

urban bluff-
top – 
residential 

• bluff-backed beach 

• ancient landslide 
at Sea Ledge Lane 

• residential development  

Subarea B Arroyo Burro Beach 
County Park to east 
edge of Douglas 
Family Preserve 

natural bluff-
top – open 
space 

• bluff-backed beach 

• low-lying drainage 
and coastal lagoon 

• Arroyo Burro Lagoon 

• Arroyo Beach County Park 
(natural preserve) and parking 

• Douglas Family Preserve (natural 
preserve) 

Subarea C west end of Medcliff 
Road to East End of 
El Camino de la Luz 

urban bluff-
top – 
residential 

• bluff-backed beach 

• modern landslide at 
El Camino de la Luz 

• Mesa Lane beach access 
• residential development 

Subarea D Lighthouse natural bluff-
top – open 
space 

• bluff-backed beach • Lighthouse 
• La Mesa Park 
• Washington Elementary 

Subarea E Meigs Road to 
Shoreline Park 

urban bluff-
top – 
residential 

• bluff-backed beach • 1,000 Steps beach access 
• residential development 

Subarea F Shoreline Park to 
Santa Barbara 
Point 

natural bluff-
top – open 
space 

• bluff-backed beach • Shoreline Park and parking 
• Shoreline Park beach access 
• residential development 

Subarea G Leadbetter Beach urban 
beachfront 

• low-lying beach and 
backshore 

• public parking 
• Santa Barbara Community 

College 
• park and open space 
• commercial establishments 
• residential development 

Subarea H Harbor to Laguna 
Tide Gates 

harbor • protected harbor 

• low-lying beach and 
backshore 

• Mission Creek 
Lagoon 

• harbor marinas 
• Harbor Pier (City Pier) 
• yacht club and boat yard 
• US Coast Guard office 
• Waterfront Department offices 
• park areas 
• Waterfront Coastal Trail 
• West Beach 
• Sandspit (surf spot) 
• recreation facilities (Los Baños del 

Mar Pool) 
• Stearns Wharf 
• Laguna Tide Gates and Pump 

Station 
• commercial establishments 
• residential development 
• public parking lots 
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• Figure 6 (east) and Figure 7 (west) 

• 0.8 feet of sea-level rise: Figure 8 (east) and Figure 9 (west) 

• 2.5 feet of sea-level rise: Figure 10 (east) and Figure 11 (west) 

• 6.6 feet of sea-level rise: Figure 12 (east) and Figure 13 (west) 

Upon reviewing the hazard zones for 0.8 feet of sea-level rise , it was determined that this 
scenario is similar to existing conditions, showing no significant changes from the present. Some 
of the beach areas along the coast are exposed to erosion hazards at 0.8 feet of sea-level rise, 
rather than tidal flooding in existing conditions; however, these are both permanent loss hazards 
and therefore existing and 0.8 feet of sea-level rise hazards are similar in terms of asset impacts. 
This allowed the study to focus on assets that are exposed and vulnerable to coastal hazards at 
2.5 feet of sea-level rise and 6.6 feet of sea-level rise. 

3.3 Long-Term Shoreline Erosion 
CoSMoS incorporates historical trends in shoreline position, longshore transport, and cross shore 
transport to provide a line indicating the inland extent of shoreline.10 This inland extent is defined 
as the mean high water mark and is averaged over all seasons to avoid capturing seasonal 
variation in the shoreline position. The shoreline erosion hazard zone is the area between the 
existing shoreline and estimated inland extent of the shoreline, and assets in this zone were 
deemed exposed to shoreline erosion. In this study, shoreline erosion is considered a permanent 
loss hazard, since assets in eroded areas will be completely lost. 

3.4 Long-Term Bluff Erosion 
CoSMoS incorporates cliff materials, changing water levels, and wave conditions to provide a 
line indicating the inland extent of bluff erosion.11 This line represents the potential bluff edge at 
each time horizon. The assets between this line and the tidal inundation hazard zone were deemed 
exposed to bluff erosion, since they would be affected as the bluff edge moves inland over time. 
In this study, bluff erosion is considered a permanent loss hazard, since assets in eroded areas 
will be completely lost. 

A review of the CoSMoS and Coastal Resilience erosion projections for the Santa Barbara shore 
is provided by Campbell Geo (Appendix D). The comparison concludes that the two methods 
provide similar results in general, but differ at specific locations due to differences in the methods 
used. The Coastal Resilience results are sensitive to the increase in wave runup (e.g., total water 
level) reaching the bluff face with future sea levels. The CoSMoS results are sensitive to the 
historic erosion rate used, which may lead to overestimating rates in areas with historically more 
erosion and underestimating rates in areas with less erosion. Based on a review of the average 
erosion projections over the century, bluffs will erode about 1.5 times as fast at 2.5 feet of sea-

                                                      
10 CoSMoS includes a transect based shoreline change model, which was used to estimate the regions along the Santa 

Barbara coast that may erode by the study’s two time horizons. The model assumes a Bruun type geomorphic 
response to sea-level rise. 

11 CoSMoS includes a transect based cliff recession model, which was used to estimate the regions along the Santa 
Barbara coast that may erode by the study’s two time horizons. 
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level rise (a 40% increase over the historic rate), and more than twice as fast at 6.6 feet of sea-
level rise (a 140% increase over the historic rate). Therefore, bluff top areas are expected to be 
increasingly exposed to hazards with sea-level rise. 

The Coastal Resilience erosion projections are higher than the CoSMoS projections in some 
locations. The bluff erosion projections from the Coastal Resilience study identified existing cliff 
failure hazards (since cliff or bluff erosion is often episodic) and included a “factor of safety” 
based on the statistical uncertainty in bluff erosion rates. While the Coastal Resilience bluff 
erosion projections are higher than the CoSMoS projections, the Coastal Resilience erosion 
projections were not used in this vulnerability assessment. ESA notes that future bluff erosion 
may be higher than projected by CoSMoS, and thus may require a more precautionary approach 
to adaptation planning in these areas. Because the methods have similar results, as discussed 
previously, the CoSMoS results were selected for consistency with applying the CoSMoS 
inundation and flooding hazard zones.  
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4.3.9 Communication Infrastructure 
Figure 32, below, presents communication infrastructure exposed to hazards at 6.6 feet of sea-
level rise. The major fiber optic lines and associated cabinets running along the waterfront could 
experience temporary inundation at 2.5 feet of sea-level rise and could be inundated during tidal 
conditions at 6.6 feet of sea-level rise. While these assets are underground and not likely to be 
destroyed during temporary inundation, permanent flooding will preclude access and 
maintenance, making them unusable in the long run. 

4.3.10 Water Supply and Wastewater Infrastructure 
Water supply and wastewater infrastructure exposed to coastal hazards were also considered, but 
they are not shown on maps included in this study for security reasons. The water and wastewater 
assets considered include the recycled water distribution system. In general, most water supply 
assets are not significantly exposed to hazards at 2.5 feet of sea-level rise, but many are expected 
to see significant temporary and permanent flooding impacts at 6.6 feet of sea-level rise, 
including the Corporate Yard Well, a potable water drinking well. An exception is the recycled 
water system, which is used for irrigation at many of the coastal parks and public areas and may 
see permanent erosion and tidal inundation beginning at 2.5 feet of sea-level rise and increasing 
through 6.6 feet of sea-level rise. While temporary inundation is generally acceptable, erosion 
hazards may expose and damage pipelines. The loss of water supply pipelines can lead to major 
inconvenience. 

This study does not assess the potential impacts of saltwater intrusion on the water supply, which 
is a possible impact of sea-level rise on the local coastal aquifers. 

Portions of the wastewater piping system (gravity mains, etc.) that are south of Cabrillo 
Boulevard are expected to be exposed to tidal inundation and erosion at 2.5 feet of sea-level rise. 
At 6.6 feet of sea-level rise, tidal inundation would permanently impact several portions of the 
wastewater piping system, including the sewer trunk main. Damage to wastewater pipelines can 
lead to spills and significant public health concerns. 

This analysis does not consider impacts that may occur from increased rates of corrosion of water 
and wastewater facilities from increased salinities in groundwater. 

El Estero Wastewater Treatment Plant 
The El Estero Wastewater Treatment Plant is an important asset located immediately east of the 
Laguna Channel. According to this analysis, the plant itself would not be exposed to storm 
flooding or tidal inundation at 2.5 feet of sea-level rise. However, portions of the wastewater 
piping system located south of Cabrillo Boulevard would be impacted by storm flooding and tidal 
inundation. Potential inundation of the sewer trunk main that runs along the beach south of 
Cabrillo Boulevard could require extended shutdowns of the plant. Additional analysis is needed 
to determine if the anticipated level of inundation of the wastewater system piping would 
significantly impact the operations of the plant at 2.5 feet of sea-level rise. 
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At 6.6 feet of sea-level rise, portions of the plant itself, as well as significant portions of the 
wastewater piping system south of highway 101 connected to the plant are located in the tidal 
inundation zone. Regular tidal inundation into manholes, pipelines, the sewer trunk main, and the 
plant area itself will make the plant and associated affected wastewater systems as they are 
currently designed permanently inoperable. This is partially due to the level of salinity of the 
water reaching the plant, the hydraulics associated with the gravity flow wastewater system, and 
water regularly inundating the plant facilities themselves. Additionally, access to the plant 
facilities will be limited. Future storm flood depths in the vicinity of the wastewater treatment 
plant at 6.6 feet of sea-level rise are expected to be approximately 1 to 4 feet depending on the 
ground elevation. CoSMoS output for the extreme storm indicates a future flood elevation of 
14.2 feet NAVD at 6.6 feet of sea-level rise. The facility’s outfall is located offshore. An 
additional, more detailed study would need to consider whether erosion of the coastal profile 
would expose portions of the outfall pipeline and supports, and how sea level rise may impact 
sediment deposition and seafloor configurations that could affect the outfall. In addition, saltwater 
intrusion and salinity- corrosion to underground utilities has not been studied. 

The potential exposure of the facility indicates a need for subsequent detailed study of the 
vulnerability of the wastewater treatment plant and its assets to climate change and sea-level rise. 

Charles E. Meyer Desalination Plant 
The Charles E. Meyer Desalination Plant is a valuable and important asset north of El Estero 
Wastewater Treatment Plant along the east side of Laguna Channel, directly south of Highway 
101. According to this analysis, the plant site is not likely to be exposed to coastal hazards under 
existing conditions or at 2.5 feet of sea-level rise, but is likely to be exposed at 6.6 feet of sea-
level rise. Some of the site is exposed to tidal inundation at 6.6 feet of sea-level rise and some is 
exposed to storm flooding, but operations would likely be impacted, since some facilities or 
activities would need to be moved away from the permanent loss hazard (tidal inundation). Future 
storm flood depths in the vicinity of the desalination plant at 6.6 feet of sea-level rise are expected 
to increase be approximately 1 foot or more, depending on the ground elevation. CoSMoS output 
for the extreme storm indicates a future flood elevation of 14.1 feet NAVD at 6.6 feet of sea-level 
rise. The facility’s intake and outfall are both located offshore. An additional, more detailed study 
would need to consider whether erosion of the coastal profile would expose portions of the intake 
and outfall pipelines and supports, and how sea level rise may impact sediment deposition and 
seafloor configurations that could affect the intake and outfall. 

The potential exposure of the facility indicates a need for subsequent detailed study of the 
vulnerability of the desalination plant and its assets to climate change and sea-level rise. 

Ortega Groundwater Treatment Plant 
The Ortega Groundwater Treatment Plant is located north of Highway 101, and was designed to 
treat high levels of naturally occurring iron and manganese in the groundwater pumped from 
nearby wells. The treated groundwater is used to augment the City’s drinking water supply. The 
treatment plant is located just outside the projected future flood hazard zone at 6.6 feet of sea-
level rise. CoSMoS output for the extreme storm indicates a future flood elevation of 17.4 feet 
NAVD at 6.6 feet of sea-level rise near the plant. While the plant itself may not be impacted, 
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portions of the groundwater system, including two groundwater wells, that feed water into the 
plant may be affected by storm flooding and additional study in the future is needed to assess how 
this might impact the operations of the plant. A subsequent study is also needed to investigate the 
potential for sea-level rise-driven saltwater intrusion of the coastal aquifer that could affect the 
salinity levels of groundwater. 

4.3.11 Public Works Replacement Costs in Place as Currently 
Designed 

6 presents approximate replacement costs for various public works assets in the City. These costs 
assume replacement-in-place (no relocation) and as currently designed and represent a rough 
order of magnitude cost in 2018 dollars for planning purposes only. The values were developed 
with input from the City of Santa Barbara Public Works Department. It should be noted that 
actual replacement costs for these facilities in the future would likely be much higher due to 
inflation and the high likelihood that either the facility would need to be relocated, redesigned, or 
the site altered as part of replacement. The wastewater lift station near Arroyo Burro is known as 
the Braemar Lift Station. The Laguna Pump Station is for stormwater. Costs of these assets and 
the others are in the table below. 

TABLE 6 
 APPROXIMATE 2018 REPLACEMENT COSTS FOR PUBLIC 

WORKS ASSETS IN PLACE AS CURRENTLY DESIGNED 

Asset 
2018 Replacement Cost in 

Place as Currently Designed 

Water Main $250/LF 
Communications $100/LF 
Wastewater – Gravity $200/LF 
Wastewater – Force Main $300/LF 
City Street Reconstruct $365/LF 
Braemar Lift Station $3-5M 
Laguna Tide Gates $3M 
Laguna Stormwater Pump Station $10M 
Harbor $50-60M 
Stearns Wharf $59Ma 
El Estero Wastewater Treatment Plant $200-250Ma 
Charles E. Meyer Desalination Plant $72M 

NOTES: 
a Costs estimated using assessed values per 2015 Property Schedule provided by the City 

 
Cost of complete replacement of the Santa Barbara Harbor was estimated to be on the order of 
$50-60 million dollars, based on review of damages documented at Crescent City and Santa Cruz 
harbors during earthquakes in 2006 and 2011.22 However, it is possible that only portions of the 
Harbor could be affected. 

                                                      
22 Damages at Crescent City and Santa Cruz were converted to 2018 dollars and scaled based on the larger size of 

Santa Barbara Harbor. 
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4.4 Beach Widths 
Beach access is one of the defining characteristics of the City, both culturally and economically. 
Without action, sea-level rise is expected to drive beaches to shrink, squeezing them against 
existing bluffs or infrastructure on the backshore. Since beaches are a major recreational asset for 
the City, they were analyzed in additional detail. The beach width analysis employed a 2-line 
shoreline evolution model developed by ESA that tracks the shoreline and backshore erosion and 
thus beach width through time. Details on the shoreline evolution modeling are discussed in 
Appendix J. The beach widths from the shoreline evolution model were divided into zones based 
on the mean high water elevation,23 ambient or daily typical wave runup elevation,24 and the 
annual storm wave runup elevation.25 Figure 17 presents a schematic of the beach width zones. 

 
  City of Santa Barbara Sea-Level Rise Adaptation Plan for the LCP Update / D171018.00 
SOURCE: ESA 

Figure 17 
 Definition of Beach Zones Used in the Ecological and Economical Vulnerability Analysis 

 

                                                      
23 Mean high water is the high point on the beach that is completely underwater at each high tide during a normal, 

non-storm day. (MHW in Figure 17) 
24 Ambient wave runup elevation is the point on the beach reached by waves on a normal day. The water level 

including waves is called the “Total Water Level.” (TWL, Ambient in Figure 17) 
25 Storm wave runup elevation is the point on the beach reached by waves under storm conditions. The water level 

including waves is called the “Total Water Level.” (TWL, Storm in Figure 17) 
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The existing beach widths were determined manually in GIS by measuring the representative 
distance between the mean high water (MHW) shoreline (extracted from the CoSMoS DEM) and 
the backshore location (either development line or the toe of dune/bluff). The Santa Barbara Area 
Coastal Ecosystem Vulnerability Assessment (CEVA) (Myers et al. 2017) provides a description 
of the sandy beach ecosystems in Santa Barbara County and divides beach width into the areas 
that are generally damp (“damp beach”), those that are dry during normal conditions (“dry beach, 
ambient”), and those that are dry even during storm conditions (“dry beach, storm”). 

The beach width projections from Arroyo Burro (bluffs) and East Beach (sandy beach) were used 
to estimate the percent of the total existing beach width made up by the dry beach and the damp 
beach for each type of shoreline. The dry and damp widths at each of the other beaches in the 
City were determined based on the type of beach; bluffs were assumed to be similar to Arroyo 
Burro and sandy beaches were assumed to be similar to East Beach. As the shoreline evolution 
model proceeds and beaches narrow, the portion of dry beach (storm and ambient) are lost first, 
then the damp beach narrows when the dry beach is completely eroded. The results for dry beach 
(ambient daily), dry beach (annual storm), damp, and total beach width in each subarea are 
presented in Table 7. Total beach width is equal to the dry ambient plus damp beach widths. 

TABLE 7 
 BEACH WIDTHS WITH SEA-LEVEL RISE IN THE CITY OF SANTA BARBARA 

Subarea Description 

Length of 
Shore 

(ft.) 

Beach Width (ft.) 

Existing 
Conditions 

2.5 Feet 
of sea-level 

rise 

6.6 Feet 
of sea-level 

rise  

A Arroyo Burro (Bluffs) Total 3781 94 33 0 

 Damp Beach  60 33 0 

 Dry Beach, Ambient  34 0 0 

 Dry Beach, Storm  8 0 0 

B Douglas Family Preserve (Bluffs) Total 3427 65 7 0 

 Damp Beach  41 7 0 

 Dry Beach, Ambient  24 0 0 

 Dry Beach, Storm  6 0 0 

C Residential (Bluffs) Total 3537 50 10 0 

 Damp Beach  32 10 0 

 Dry Beach, Ambient  18 0 0 

 Dry Beach, Storm  4 0 0 

D Lighthouse & Open Space (Bluffs) 
Total 

1116 40 18 22 

 Damp Beach  25 18 22 

 Dry Beach, Ambient  15 0 0 

 Dry Beach, Storm  4 0 4 

E Residential (Bluffs) Total 2442 35 0 0 

 Damp Beach  22 0 0 

 Dry Beach, Ambient  13 0 0 

 Dry Beach, Storm  3 0 0 
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Subarea Description 

Length of 
Shore 

(ft.) 

Beach Width (ft.) 

Existing 
Conditions 

2.5 Feet 
of sea-level 

rise 

6.6 Feet 
of sea-level 

rise  

F Shoreline Park (Bluffs) Total 3415 30 0 0 

 Damp Beach  19 0 0 

 Dry Beach, Ambient  11 0 0 

 Dry Beach, Storm  3 0 0 

G Leadbetter Beach (Sandy) Total 2734 120 95 69 

 Damp Beach  76 76 69 

 Dry Beach, Ambient  44 19 0 

 Dry Beach, Storm  11 0 0 

H West Beach (Sandy) Total 2646 430 396 344 

 Damp Beach  273 273 273 

 Dry Beach, Ambient  157 157 105 

 Dry Beach, Storm  38 4 0 

I Chase Palm Park (Sandy) Total 4001 170 44 0 

 Damp Beach  108 44 0 

 Dry Beach, Ambient  62 0 0 

 Dry Beach, Storm  15 0 0 

J East Beach (Sandy) Total 2847 280 183 32 

 Damp Beach  178 178 32 

 Dry Beach, Ambient  102 5 0 

 Dry Beach, Storm  25 0 0 

K Residential (Bluffs) Total 1075 95 32 0 

 Damp Beach  60 32 0 

 Dry Beach, Ambient  35 0 0 

 Dry Beach, Storm  8 0 0 
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5. Ecological Vulnerability of Shoreline Habitats to 
Sea-Level Rise 

Dave Hubbard of Coastal Restoration Consultants prepared the following section, which 
summarizes the ecological vulnerability of natural habitats to sea-level rise within the study area 
in the City of Santa Barbara. 

5.1 Background 
The ecological vulnerability of the study area was assessed by analyzing sea-level rise impacts to 
shoreline features and bluff erosion impacts to other habitats. The vulnerability of habitats to 
these mechanisms is linked as increasing sea levels will intensify bluff and shoreline erosion 
rates. The largest losses are projected to occur along the immediate coast with sea-level rise. 

Beaches are dynamic edge habitats that lie on the interface between land and ocean. They are on 
the front line of climate change because they are sensitive to changes in sea level. In many places, 
beaches will be caught in a coastal squeeze as rising water on the ocean side pushes them toward 
fixed property lines, bluffs, and seawalls on the inland side. 

Beaches provide a broad range of ecosystem services including water filtration and nutrient 
processing, habitat for diverse and abundant invertebrate species, food and habitat for shorebirds 
and other bird species, feeding resources for fish including species important for sport fishers, 
habitat for egg laying by grunion (Figure 33), and roosting areas for seabirds (Dugan and 
Hubbard 2016). The ecological resources of sandy shorelines depend on the ability of plants and 
animals to move with changing conditions as sand erodes and accretes26 (Dugan et al 2013). The 
ecological zones of sandy shores can be broken roughly into zones by moisture content and 
effective tide level (although these change on daily and longer time scales): 

1. Dune, above the reach of extreme tides, supports vegetation and wind-driven sand transport 
processes 

2. Dry sand zone, between elevations of total water levels experienced spring tides and extreme 
water levels, can support coastal strand vegetation, also good for towel space and recreation 

3. Damp sand zone, high intertidal high value for beach invertebrates 

4. Saturated sand, low intertidal, high value for beach invertebrates, shorebird and fish foraging. 

Beaches that have a full suite of zones will provide more ecosystem services than those that have 
fewer. The simplest way to assess the status and trends of ecosystem values of beaches is to 
understand the extent of the resource. This requires a description of the distribution of beach 
widths or acreage along the shore and an understanding that the shore is constantly changing. A 
greater understanding can be developed with a description of the distribution of functional zones 
along the coast. The locations and extents of the zones are determined by the interaction of waves 
and tides with sand on the shoreline. Generally, this requires more sophisticated modeling to 
                                                      
26 Accretion is the opposite process of erosion, through which sand is naturally added to a beach rather than being 

removed. 
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generate a three dimensional representation of the habitat and an overlay describing typical wave 
and tide runup patterns. 

 
  City of Santa Barbara Sea-Level Rise Adaptation Plan for the LCP Update / D171018.00 

Figure 33 
 Grunion Nests near the High-Tide Line in the Morning after a Spawning Event at Arroyo 
Burro Beach, Santa Barbara, July 1, 2017 (these fish lay their eggs in wet sand at night 

during extreme tides during spring and summer full and new moons) 

5.2 Analysis 
The analysis of beach ecosystem vulnerability presented here is based on the status and predicted 
trends in the area of the shoreline including damp, dry and high beach habitat in several shoreline 
segments for current conditions and two sea-level rise scenarios: 2.5 feet by 2060 and 6.6 feet by 
2100 (see Table 7). We have summarized the results by shoreline type (bluff-backed beaches 
primarily in the western part of the study area and beaches backed by low lying topography in the 
eastern area). Bluff-backed beaches in the study area are narrow with an average total width of 
63 feet (range from 30 to 95 feet) with little upper shore (see Table 7). The other segments in the 
eastern area, including Leadbetter Beach, West Beach, Chase Palm Park, and East Beach, have 
broader beaches with an average width of 250 feet (range 120 to 430 feet), and have more 
extensive dry sand zones backed by low topography. Average beach widths for current and future 
conditions (with 2.5 and 6.6 feet of sea-level rise) in the City of Santa Barbara were estimated for 
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upper total width, damp beach, dry beach (ambient), and dry beach during storm conditions. 
Habitat data for Arroyo Burro and East Beach are from the Santa Barbara Area Coastal 
Ecosystem Vulnerability Analysis (Myers et al. 2017, Barnard et al. 2017, Dugan et al. 2017). 

5.3 Beach Habitats and Sea-Level Rise 
In current conditions, the broad beach segments in the eastern area account for 39% of the 
shoreline length and 87% of the area in this analysis. There are 62 acres, and 2.3 miles in the 
eastern segments out of a total of 94 acres, and six miles of beach in the study area. 

5.3.1 Upper Beach 
The eastern segments contain 66% of the upper beach habitat in the study area. This upper shore 
is important for ecosystem services because it generally supports about 40% of the biodiversity 
on southern California’s sandy beaches. The highest levels, above the reach of typical storms, and 
shown in Table 7as widths above “Dry beach, storm” can support coastal strand vegetation and 
dunes. High beach habitat supports plants, rare species, grunion nesting during extreme tides (see 
Figure 33), and all species during storm conditions (as a refuge). Upper beach habitat width and 
acreage is also a good indicator of towel space (dry sand), lateral access along the beach during 
any tide, and easy and predictably accessible areas for general recreational use. 

5.3.2 Damp Beach 
The non-bluff-backed segments currently have about 66% of the damp beach habitat in the study 
area. The damp shore currently accounts for 63% of the total beach area. The lower zone of the 
beach supports very large numbers and a high diversity of invertebrates. These are important food 
sources for both shorebirds and near shore fish. Some beaches in the region still support 
harvestable populations of Pismo clams in this zone. 

5.3.3 Sea-Level Rise Projections 
In the analysis, beaches in the study area are projected to shrink substantially under all 
combinations of sea-level rise scenario, habitat zone and shoreline segment. We calculated the 
changes in area for damp, dry beach and high dry beach (above typical storm levels) habitats 
compared to current conditions using two sea-level rise projections for 2.5 feet and 6.6 feet for 
the shoreline segments in the study area (Table 7) and summarized them by shoreline type. 

5.3.4 Conditions at 2060: 2.5 Feet of Sea-Level Rise 
A rise of 2.5 feet in sea level is projected to eliminate 42 acres of beach for the study area (44% 
of the current beach area). The projections suggest that the losses would be proportionately 
greater for the upper shore (59%) than the lower shore (41%), and more rapid along bluff-backed 
beaches (76%) than beaches backed by low topography (25%). Losses are projected to be greatest 
for the highest zone, the dry beach during storm conditions. Projected average upper beach widths 
for the western segments in this scenario are zero, indicating loss of the upper beach. These zone 
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widths will not support upper beach ecological communities and functions and would be 
vulnerable to storm events and larger disturbances. 

The impacts of a 44% loss in beach area would be substantial, but the system will probably lose 
more than that amount of ecological capacity. As the narrow, bluff-backed beaches erode toward 
widths of averages of 0 to 35 feet from current conditions with averages of 30 to 95 feet, they will 
be less able to recover from disturbances and deliver ecosystem services. 

5.3.5 Conditions at 2100: 6.6 Feet of Sea-Level Rise 
A rise of 6.6 feet in sea level is projected to reduce the beach habitat zones under consideration in 
this study by 70%. The projections indicate that about 66 acres of beach will be lost at 6.6 feet of 
sea-level rise in the study area. Bluff-backed beaches are likely to convert to other habitat types 
(bedrock, cobble or inundated) for substantial periods as they transition toward this loss because 
conversion will typically be driven by episodic events that punctuate climate change trends. The 
beaches backed by low topography are projected to lose 56% of their area. Beach ecosystem 
services will be greatly reduced in this scenario, as would beach recreation. 

5.4 Other Habitats and Bluff Erosion 
The analysis of the vulnerability of habitats further inland to climate change used existing habitat 
mapping (Figure 34) along with bluff erosion modeling (this report) to estimate changes in the 
extent of major habitat types in the study area (Table 8). As the bluffs erode inland, current bluffs 
will be destroyed and new bluff faces will be created from current bluff top habitats. The sandy 
shorelines assessed in this study either did not fully erode at 6.6 feet of sea-level rise or are 
backed by managed park area, thus having little effect on upland habitats, so this analysis focused 
on bluff areas. 

Three habitat types (Coastal Sage Scrub, Eucalyptus Grove and Annual Non-native Grassland) 
are projected to lose at least one acre of area each for a total of 36.5 acres at 2.5 feet of sea-level 
rise, and 42.8 acres at 6.6 feet of sea-level rise. These losses range from 2 to 7% of the current 
acreage. Three other habitat types are projected to lose smaller areas: Ruderal (1 acre at 6.6 feet 
of sea-level rise, 0.9%), Riparian and Wetland (0.9 acre at 6.6 feet of sea-level rise, 0.3%), and 
Coast Live Oak Woodland, Savanna, or Forest (0.1 acre at 6.6 feet of sea-level rise, 0.0%). 

Two other cover classes (Urban, and Ornamental Trees- Landscape) are projected to lose 
substantial area to bluff erosion, but are not analyzed as habitat. 
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TABLE 8 
 PROJECTED AREAS AND PERCENTAGE OF COASTAL AND UPLAND HABITATS LOST TO BLUFF EROSION 

Habitat Type 

Full 
City 

(Acres) 

Area Lost to Bluff Erosion 
(Acres) 

Percent of Habitat 
Lost to Bluff Erosion 

2.5 Feet 
of sea-level 

rise 

6.6 Feet 
of sea-level 

rise 

2.5 Feet 
of sea-level 

rise 

6.6 Feet 
of sea-level 

rise 

Annual Non-native Grassland 202.9 3.8 4.8 1.9% 2.4% 

Chaparral 97.0 0.0 0.0 0.0% 0.0% 

Chaparral/Coastal Sage Scrub 77.9 0.0 0.0 0.0% 0.0% 

Chaparral/Oak Woodland 130.4 0.0 0.0 0.0% 0.0% 

Coast Live Oak Woodland, Savanna, or 
Forest 

820.5 0.0 0.1 0.0% 0.0% 

Coastal Sage Scrub 468.9 27.9 32.6 6.0% 6.9% 

Coastal Sage Scrub/Grassland 16.8 0.0 0.0 0.0% 0.0% 

Coastal Sage Scrub/Oak Woodland 20.4 0.0 0.0 0.0% 0.0% 

Eucalyptus Grove 112.0 4.8 5.4 4.3% 4.8% 

Native Perennial Grassland 5.5 0.0 0.0 0.0% 0.0% 

Open Water 27.5 0.0 0.0 0.0% 0.0% 

Orchard 227.7 0.0 0.0 0.0% 0.0% 

Ornamental Trees – Landscape 2,423.9 7.4 16.3 0.3% 0.7% 

Riparian and Wetland 283.8 0.7 0.9 0.2% 0.3% 

Ruderal 119.5 0.5 1.0 0.4% 0.9% 

Undetermined Grassland 12.3 0.0 0.0 0.0% 0.0% 

Urban 2,419.5 36.0 51.9 1.5% 2.1% 

 

5.5 Summary 
This analysis predicts significant losses in several habitat types in the study area. Due to the urban 
environment of the city and the juxtaposition of habitats next to development, there is no 
opportunity for habitats to migrate inland with sea-level rise. Coastal Sage Scrub habitat is 
projected to have the greatest loss of native habitats due to bluff erosion. The largest habitat 
losses in terms of acreage and proportion of current resources will be for beaches. The highest 
sensitivity for losses is for bluff-backed shores and upper beach habitats. The results of this 
analysis are consistent with other recent studies of sandy beaches in the study area: (two sections 
from Myers et al. 2017- Barnard et al., 2017 and Dugan et al. 2017). This is not surprising 
because the analytical methods were quite similar. In addition, Vitousek et al. 2017 used the same 
model to analyze future trends for beaches throughout southern California. Their results predict 
major losses in beach widths, but also the total losses of beaches across a considerable proportion 
of the coast. Projections of major losses of beach habitat in southern California with sea-level rise 
in each of these studies indicate that the areal extent of sandy beach ecosystems and the 
ecosystem services they provide will decline precipitously in the coming decades. 
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6. Conclusions 
The purpose of the City of Santa Barbara Vulnerability Assessment Update was to identify and 
quantify the vulnerability of coastal assets in the City to sea-level rise. As an update, this 
assessment aimed to fill gaps in previous studies for the City and County of Santa Barbara by: 

• Using updated data about the City’s assets 

• Using the most recent hazard zones from USGS (CoSMoS v3.0), augmented by wave hazard 
zones from Coastal Resilience Santa Barbara 

• Performing a focused study of local geology and erosion risk 

• Investigating the ecological impacts of beach loss in the City 

The study evaluated the vulnerability of assets in nine categories (Critical Facilities, Transportation, 
Public Safety, Stormwater, Recreational, Harbor, Public and Private Property (Parcels), 
Communications, Water Supply, and Wastewater). These assets were analyzed for vulnerability to six 
hazards (bluff erosion, shoreline erosion, tidal inundation, storm waves, storm flooding, and low-lying 
areas). These hazards and the City’s vulnerability to them were evaluated under existing conditions 
and under two sea-level rise scenarios (2.5 feet and 6.6 feet). These scenarios represent the high 
greenhouse gas emissions scenario from the OPC (2018) guidance with Medium/High risk aversion in 
2060 and 2100, respectively. A near-term 2030 condition (0.8 feet of sea-level rise) was reviewed, but 
was similar enough to existing conditions that a detailed analysis was not performed. The higher 
value, 6.6 feet of sea-level rise, also represents the extreme risk aversion case from OPC (2018) in the 
year 2080. 

The conclusions of this assessment are summarized as general conclusions and sea-level rise 
vulnerability by subarea. 

6.1 General Conclusions 

6.1.1 Bluff Areas 
Rising sea levels are expected to increase the coastal hazards that are currently impacting the City 
of Santa Barbara. Much of the westerly portion of the City’s coastal zone is situated on bluffs 
overlooking the beach. Bluff areas in the City include subareas A–F, from approximately Sea 
Edge Lane at the west end of the City of Santa Barbara to approximately Santa Barbara Point, as 
well as subarea K at the far easterly portion of the City by the Bellosguardo Estate. 

These bluffs are currently eroding with exposure to waves, and as sea level rises, they will be 
exposed to more extreme waves more often. This is expected to increase bluff erosion rates to 
about 1.5 times current rates at 2.5 feet of sea-level rise (40% increase) and to more than twice 
current rates at 6.6 feet of sea-level rise (140% increase). At 2.5 feet of sea-level rise the City 
could lose 78% of its bluff-backed beaches to erosion, and at 6.6 feet of sea-level rise, the City 
could lose 98% of its bluff-backed beaches. In locations where these beaches are lost, the bluffs 
behind them will be more exposed to waves and are expected to erode more quickly. The extent 
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of the hazards in these areas are expected to reach bluff-top infrastructure, including roads and 
utility infrastructure and public and private properties at 6.6 feet of sea-level rise. 

6.1.2 Low-Lying and Waterfront Areas 
The low-lying areas of the City include the City’s Waterfront, lower downtown area, and Arroyo 
Burro County Beach Park. In these areas, sandy beaches and low-lying areas in the City are also 
expected to see a change in exposure with sea-level rise, predominantly due to increased tidal 
inundation and storm flooding. Under current conditions and through 2.5 feet of sea-level rise, 
impacts from erosion, tidal inundation, and storm waves are generally limited to the area south of 
Cabrillo Boulevard. However, at 6.6 feet of sea-level rise these hazard zones are expected to 
reach north of Cabrillo Boulevard, exposing more assets in the City. Furthermore, at 2.5 feet of 
sea-level rise the City could lose 32% of its sandy beaches in these low-lying areas to erosion, 
and at 6.6 feet of sea-level rise, the City could lose 60% of its sandy beaches in low-lying areas. 

There may also be changes in the direction from which waves come during different seasons, 
which may affect sand movement and erosion patterns at sandy beaches and in the harbor. In 
addition to rising sea level, a changing climate may also alter storm frequencies and patterns, 
bringing more severe storms more often or at different times. 

6.1.3 Harbor and Stearns Wharf 
The Santa Barbara Harbor and Stearns Wharf are valuable and important assets in the City. Under 
existing conditions, Stearns Wharf is exposed to wave damage during large storms and a 100-year 
coastal event is expected to require temporary closure and significant structural repairs. As sea 
level rises through 2.5 feet of sea-level rise and into 6.6 feet of sea-level rise, events large enough 
to damage Stearns Wharf are expected to become more common, though non-storm tidal 
conditions are not likely to pose a risk of damage for the wharf deck. 

The harbor includes the marina, commercial uses, parking, industrial areas, and the City Pier 
(sometimes called the “harbor pier”), which supports the Coast Guard and houses a fuel dock. 
Under existing conditions, storm events and especially high tides (e.g., “King Tides”) can 
dislocate pile caps at the floating docks, and waves can overtop the harbor breakwater and reduce 
public access. More than 2 feet of sea-level rise (for example, the 2.5 feet of sea-level rise case) is 
expected to regularly impede normal harbor functions, and the harbor in its current configuration 
would be unusable at 6.6 feet of sea-level rise, with over 6 feet of sea-level rise. 

6.1.4 Storm Flooding Area 
Flooding from coastal storms is expected to significantly increase in extent and frequency, 
particularly at 6.6 feet of sea-level rise. FEMA flood insurance rate maps (FIRMs) are another 
hazard map generally used to assess exposure and vulnerability, so there is interest in how these 
relate to the results of this study. FEMA FIRMs are used to assess flood insurance rates and for 
regulatory purposes. For instance, the City’s current Flood Plain Management Ordinance 
(Municipal Code Section 22.24) requires certain development standards, including floodproofing 
and raised foundations, based on the extent of flood hazard areas and the base flood elevations 
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shown on the FEMA FIRMs. FEMA FIRMs do not include future conditions, future sea-level 
rise, or erosion hazards, so they indicate less severe coastal hazards than the hazard zones in this 
assessment in coastal areas. The FIRMs do, however, include extreme fluvial (river) events. The 
coastal and river flood events are mapped together on the FIRM, though they are not expected to 
occur simultaneously. Note that the FIRM flood hazard extent includes areas that are subject to 
river flooding that are not including in the Vulnerability Assessment’s coastal flood hazard extent 
since the Vulnerability Assessment does not include extreme river flood hazards. The 
Vulnerability Assessment does, however, consider the degree of river flow that has historically 
occurred concurrent with extreme coastal storm events. 

Some of the flood hazard areas currently mapped in the FIRMs are expected to experience more 
frequent flooding with sea-level rise, and in some areas the water levels are expected to change. 
The future hazard zones in areas dominated by coastal flooding that are near the waterfront and 
downtown south of Highway 101 are expected to experience higher water levels and more severe 
flooding than FEMA (water levels up to 2 to 3 feet higher than current base flood elevations). 
Some areas south of Highway 101 that are not currently mapped in any flood hazard zone on the 
FEMA FIRMS right now are projected to experience flooding at 6.6 feet of sea-level rise. 
However, further inland (for example, downtown north of Highway 101), fluvial flooding is 
expected to be more extreme than coastal flooding, so the FEMA FIRM (existing conditions) 
represent more extreme conditions than the hazard zones from this assessment (future 
conditions). These areas would likely experience more frequent flooding events at 6.6 feet of sea-
level rise due to sea-level rise, but the flood depths from sea-level rise alone would likely not be 
more than the base flood elevations currently shown on the FEMA FIRMs. 

Other changing climatic factors, such as increasing precipitation intensity, could increase the 
fluvial hazard and flood extents and depths, but would require further study and analysis outside 
the scope of this vulnerability study to fully understand. 

6.1.5 Major Infrastructure Facilities 
Major infrastructure facilities, including the El Estero Wastewater Treatment Plant, the Charles E. 
Meyer Desalination Plant, and several major roads including Highway 101 are expected to 
experience increased flood risk at 6.6 feet of sea-level rise. While they are expected to be 
exposed, facility-specific vulnerability assessments are recommended to better understand the 
adaptive capacity to flood proof these facilities and the actual risk to these facilities. 

The vulnerability assessment identifies shows the El Estero Wastewater Treatment Plant partially 
in the tidal inundation and storm flooding hazard zones at 6.6 feet of sea-level rise and the 
Charles E. Meyer Desalination Plant, at least partially exposed to the tidal inundation and storm 
flooding hazard zones at 6.6 feet of sea-level rise. However due to tidal inundation of the 
infrastructure associated with these plants, as well as portions of the plants themselves, both the 
El Estero Wastewater Treatment Plant and Desalination Plant will be permanently inoperable at 
6.6 feet of sea-level rise if no action is taken. Tidal inundation of some of the wastewater piping 
system flowing into the plant will occur by at 2.5 feet of sea-level rise if no action is taken. 
Additional analysis is needed to determine how much this will interrupt operations of the plant., 
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In addition, at 6.6 feet of sea-level rise much of Cabrillo Boulevard is exposed to erosion or tidal 
inundation, and Highway 101 may experience storm flooding near Andrée Clarke Bird Refuge, 
and Shoreline and Cliff Drive could be threatened by shoreline and bluff erosion. 

6.2 Conclusions by Subarea 
Each of the subareas in Figure 1 contains different assets (see Table 1), exposed to different 
coastal hazards at different time horizons. The following sections describe the subareas and how 
exposure is expected to change with sea-level rise. 

6.2.1 Subarea A 
Subarea A covers the area from Sea Ledge Lane at the west end of the City of Santa Barbara to 
the west side of Arroyo Burro Beach County Park. It consists of a bluff-backed beach, with an 
ancient landslide at the west end and residential neighborhoods running along the bluff for much 
of its length. Under existing conditions, Subarea A has extensive recreational area (the bluff-
backed beach) exposed to tidal flooding hazards and storm wave hazards. Projected bluff erosion 
in this area is being investigated further due to geologic complexities, so results at 2.5 feet of sea-
level rise and 6.6 feet of sea-level rise are not yet available. 

6.2.2 Subarea B 
Subarea B stretches from the west end of Arroyo Burro Beach County Park to the east edge of the 
Douglas Family Preserve. It consists of a bluff-backed beach with bluff-top open space (Douglas 
Family Preserve) and a coastal lagoon with extensive low-lying drainage (Arroyo Burro and 
Arroyo Burro Creek) and beach area (Arroyo Burro Beach County Park and associated parking 
area). Under existing conditions, Subarea B has large recreational and natural areas and some 
stormwater drainage channels exposed to tidal flooding, storm waves, and storm flooding, 
particularly surrounding the coastal lagoon (Arroyo Burro). At 2.5 feet of sea-level rise, the 
erosion hazard zone begins to affect the bluff-top open space (including access roads) and the 
bluff-backed beach. Some areas exposed to storm flooding under current conditions become 
exposed to tidal flooding, and some areas exposed to tidal flooding become exposed to erosion. 
At 6.6 feet of sea-level rise storm flooding becomes a significant concern, causing temporary loss 
of service for sewer infrastructure, water supply infrastructure, roads, and evacuation routes. In 
addition, more of the bluff-backed beach area is exposed to tidal inundation, and large areas of 
both bluff-backed beach and bluff-top open space are exposed to erosion. 

6.2.3 Subarea C 
Subarea C covers the area from the west end of Medcliff Road to the east end of El Camino de la 
Luz. It consists of a bluff-backed beach with bluff-top residential neighborhoods. There is a 
modern landslide at El Camino de la Luz and beach access at Mesa Lane. Under existing 
conditions this subarea only has minor exposure to coastal hazard zones; however, at 2.5 feet of 
sea-level rise, erosion is likely to damage sewer lines, stormwater drainage pipes, roads, and 
properties in the bluff-top residential neighborhoods. This trend continues into the future, with 
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more roads, properties, and infrastructure in the bluff-top residential neighborhoods exposed to 
erosion at 6.6 feet of sea-level rise. 

6.2.4 Subarea D 
Subarea D covers the area surrounding the Santa Barbara Lighthouse. It consists of a bluff-
backed beach with bluff-top open space surrounding the lighthouse itself. Under existing 
conditions this subarea only has minor exposure to coastal hazard zones, which increases up to 
2.5 feet of sea-level rise, at which point some of the roads, trails, sewer lines, and water supply 
lines supporting the lighthouse and associated open space are exposed to erosion. This trend 
continues into the future, with more roads and infrastructure around the lighthouse exposed to 
erosion at 6.6 feet of sea-level rise. Shoreline drive will be impacted by erosion at 2.5 feet and 
6.6 feet of sea-level rise. 

6.2.5 Subarea E 
Subarea E spans from the edge of the lighthouse open space area where Meigs road becomes 
Shoreline Drive to the west edge of Shoreline Park. It consists of bluff-backed beach with bluff-
top residential neighborhoods and includes beach access for 1,000 Steps Beach. Under existing 
conditions, several properties in the subarea are exposed to tidal flooding and storm flooding, but 
at 2.5 feet of sea-level rise these properties, along with roads, beach access, open space areas, 
sewer lines, and water lines in the bluff-top neighborhoods are exposed to erosion. This trend 
continues into the future, with more roads, properties, and infrastructure in the bluff-top 
residential neighborhoods exposed to erosion at 6.6 feet of sea-level rise. Shoreline Drive will be 
impacted by erosion at 6.6 feet of sea-level rise. 

6.2.6 Subarea F 
Subarea F covers Shoreline Park and the area east of the park to Santa Barbara Point. It consists 
of bluff-backed beach with bluff-top open space, primarily Shoreline Park, with associated 
parking and beach access. Under existing conditions, the beach areas at Shoreline Park are 
exposed to tidal flooding and storm flooding. At 2.5 feet of sea-level rise, much of this area is 
exposed to tidal flooding, and bluff-top segments of Shoreline Park are exposed to erosion, along 
with associated trails and irrigation infrastructure. This grows more severe at 6.6 feet of sea-level 
rise, when the beach and more of the bluff-top park area are exposed to erosion or tidal flooding. 
Shoreline drive will be impacted by erosion at 2.5 feet and 6.6 feet of sea-level rise. 

6.2.7 Subarea G 
Subarea G encompasses Ledbetter Beach and properties behind it. It consists of Ledbetter Beach 
itself, with associated park area and parking lot, neighboring bluff recreation area to the west, 
Santa Barbara Community College, and several commercial establishments. Under existing 
conditions, some of the beach is exposed to tidal inundation, and much of the beach is exposed to 
storm waves, along with some sewer and stormwater lines. At 2.5 feet of sea-level rise, portions 
of the beach area and neighboring bluff-top recreation area are exposed to erosion, and sewer and 
irrigation systems in the bluffs are exposed to erosion. Portions of the beach and sewer and 
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stormwater lines continue to be exposed to storm waves. Erosion continues through 6.6 feet of 
sea-level rise, eventually affecting all of the bluff recreation area and most of the beach, along 
with roads, communication infrastructure, sewer lines, and irrigation water supply lines. Some of 
these systems are also exposed to tidal flooding inland of the erosion hazard, and they are all 
exposed to storm waves. Shoreline Drive will be impacted by tidal inundation at 6.6 feet of sea-
level rise. 

6.2.8 Subarea H 
Subarea H covers the area in and around Santa Barbara Harbor, reaching as far east as the Laguna 
Tide Gates. The subarea consists of harbor and wharf region, with its breakwater, Waterfront 
Department offices, US Coast Guard facilities, marinas, and the harbor pier (City Pier). It also 
includes West Beach, the Sand Spit (a popular surf spot), a yacht club and boat yard, and Stearns 
Wharf. The low-lying areas around the harbor are home to parking lots, recreational facilities, 
park areas, commercial establishments, residential development, and a coastal trail. Subarea H 
also includes the Mission Creek Lagoon (which is also connected to Laguna Creek). 

Under existing conditions, Subarea H has significant recreational areas (generally beaches), 
roads, and drainage infrastructure exposed to tidal flooding and storm flooding, with more 
exposure to storm waves. There are also launch ramps and harbor protection infrastructure (i.e., 
breakwater elements and rock groins) exposed to tidal and storm flooding. At 2.5 feet of sea-level 
rise, parts of the beach and some drainage infrastructure in the recreational areas are exposed to 
erosion. Many recreational areas, stormwater infrastructure, and harbor protection infrastructure 
that were exposed to storm waves and tidal flooding under existing conditions are exposed to 
tidal flooding at 2.5 feet of sea-level rise. Sewer infrastructure, particularly gravity mains, are also 
exposed to tidal and storm inundation at 2.5 feet of sea-level rise, along with some irrigation lines 
in the recreational areas. Between 2.5 feet and 6.6 feet of sea-level rise, most assets that were 
exposed to storm waves and storm flooding become exposed to tidal flooding. Some of the 
drainage and irrigation infrastructure associated with recreational areas, along with sections of 
West Beach, are exposed to erosion, though much more is exposed to tidal flooding. At 6.6 feet 
of sea-level rise, storm flooding and storm waves are lesser concerns in Subarea H because most 
of the low-lying assets are exposed to tidal flooding instead. Cabrillo Boulevard and State Street 
will be impacted by tidal inundation at 6.6 feet of sea-level rise. 

6.2.9 Subarea I 
Subarea I covers Chase Palm Park and Downtown Santa Barbara. Much of this area is beach 
(East Beach) and low-lying backshore (Chase Palm Park and Downtown Santa Barbara). The 
park and beach include recreational facilities, a waterfront coastal trail, and parking areas. Inland, 
this subarea includes Downtown Santa Barbara with commercial and residential areas. The 
subarea also contains a segment of Highway 101, a railroad station (and the railroad), segments of 
Laguna Channel and Mission Creek, and El Estero Wastewater Treatment Plant. 

Under existing conditions, the recreational areas in Subarea I (East Beach and Chase Palm Park) 
are primarily exposed to storm waves, with some of the beach exposed to tidal flooding. There 
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are also some sewer lines exposed to tidal flooding and several sewer, drainage, and irrigation 
lines exposed to storm waves. At 2.5 feet of sea-level rise, recreational areas (the beach and park) 
along with segments of the coastal trail and some drainage and irrigation infrastructure are 
exposed to erosion. As the erosion hazard zone increases, less recreational area is exposed to 
flooding and waves, but more properties are exposed to both tidal flooding and storm flooding. 
Tidal flooding also begins to impact drainage and irrigation infrastructure at 2.5 feet of sea-level 
rise. At 6.6 feet of sea-level rise, much of the beach area and some of the park area are exposed to 
erosion (including the coastal trail, drainage, and irrigation), and most of what remains is exposed 
to tidal or storm flooding. Storm waves play a lesser role in Subarea I at 6.6 feet of sea-level rise 
because many assets are exposed to erosion or flooding by that point, including many of the 
properties and facilities south of Highway 101, including El Estero Wastewater Treatment Plant, 
which is within the storm flooding hazard zone and which will not be operable due to tidal 
inundation into key components of the wastewater system. North of Highway 101, many private 
and public parcels in the Downtown Santa Barbara area are exposed to storm flooding, with many 
more considered flood-prone (i.e., below the storm flooding elevation but not directly connected 
to the ocean). Along with private and public parcels, this means that extensive sewer and water 
supply infrastructure in Downtown Santa Barbara is exposed to storm flooding, and infrastructure 
south of Highway 101 is exposed to tidal or storm flooding. Cabrillo Boulevard will be exposed 
to tidal inundation at 6.6 feet of sea-level rise. 

6.2.10 Subarea J 
Subarea J covers the region from South Milpas Street to Andree Clark Bird Refuge. It consists of 
a beach (East Beach) with waterfront coastal trail and low-lying backshore with some residential 
and commercial development. The Santa Barbara Zoo, Cabrillo Pavilion, Sycamore Creek, and 
Sycamore Creek Lagoon, and Andree Clark Bird Refuge are all located within Subarea J. Under 
existing conditions, much of the beach recreational area, a portion of the coastal trail, and some of 
the surrounding roads are exposed to storm waves. At 2.5 feet of sea-level rise, some segments of 
the beach recreation area are exposed to erosion, others to tidal flooding. Storm waves continue to 
be a concern, with roads, communications infrastructure, stormwater lines, and some properties 
and sewer lines exposed. Between 2.5 feet and 6.6 feet of sea-level rise, storm flooding becomes 
severe enough to overrun the beach, exposing much of the infrastructure behind the beach. This 
includes roads, railroads, many properties, and the sewer, stormwater, and water supply systems. 
There is significantly less exposure to storm waves, but only because much of what was 
previously exposed to storm waves is exposed to erosion or tidal flooding at 6.6 feet of sea-level 
rise. Cabrillo Boulevard will be impacted by tidal inundation at 6.6 feet of sea-level rise, and 
Highway 101 will be impacted by storm flooding at 6.6 feet of sea-level rise. 

6.2.11 Subarea K 
Subarea K covers the Bellosguardo Estate at the east end of the City. It consists of a bluff-backed 
beach with bluff-top development. Under existing conditions, the beach portion of this subarea is 
exposed to tidal flooding, storm flooding, and storm waves. At 2.5 feet of sea-level rise, these 
beach areas are exposed to erosion, and beach and bluff areas further inland are exposed to storm 
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waves. This progresses through 6.6 feet of sea-level rise, at which point all of the beach and 
portions of the estate on the bluffs are exposed to erosion. 



Vulnerability Assessment Update 
7. References 

City of Santa Barbara Sea-Level Rise Adaptation Plan for the LCP Update 104 ESA / D171018.00 
Vulnerability Assessment Update February 2020 

7. References 
AMEC. 2010. Program Environmental Impact Report for the Santa Barbara General Plan Update. 

Prepared for the City of Santa Barbara, Sept 2010. 

Barnard, P. L., L. H. Erikson, A. Foxgrover, J. F. Hart, D. Hoover, P. Limber, A. O’Neill, A. 
Snyder, S. Vitousek, 2018, Coastal hazards and shoreline change, Santa Barbara Area Coastal 
Ecosystem Vulnerability Assessment. Accessed 7 August 2018: https://caseagrant.ucsd.edu
/project/santa-barbara-area-coastal-ecosystem-vulnerability-assessment-sba-ceva. 

Barnard et al, 2017. Extreme oceanographic forcing and coastal response due to the 2015–2016 
El Nino. Patrick L. Barnard, Daniel Hoover, David M. Hubbard, Alex Snyder, Bonnie C. 
Ludka, Jonathan Allan, George M. Kaminsky, Peter Ruggiero, Timu W. Gallien, Laura 
Gabel, Diana McCandless, Heather M. Weiner, Nicholas Cohn, Dylan L. Anderson & 
Katherine A. Serafin. NATURE COMMUNICATIONS | 8:14365 | DOI: 
10.1038/ncomms14365 | www.nature.com/naturecommunications, 14 Feb 2017. 

Battalio, R. T., P. D. Bromirski, D. R. Cayan, L. A. White. 2016. Relating Future Coastal 
Conditions to Existing FEMA Flood Hazard Maps: Technical Methods Manual, prepared for 
California Department of Water Resources and California Ocean Science Trust, Prepared by 
Environmental Science Associates (ESA), pp. 114. 

Bromirski et al, 2012. Understanding North Pacific Sea Level Trends. P. D. Bromirski, A. J. 
Miller, R. E. Flick. Eos, Vol. 93, No. 27, American Geophysical Union, 3 July 2012. 

Bureau of Labor Statistics, 2017, Quarterly Census of Employment and Wages; Annual 
Averages, All establishment sizes for County of Santa Barbara. 

California Coastal Commission, 2015, California Coastal Commission Sea-Level Rise Policy 
Guidance: Interpretive Guidelines for Addressing Sea-Level Rise in Local Coastal Programs 
and Coastal Development Permits, Adopted on August 12, 2015, accessed online: 
http://www.coastal.ca.gov/climate/slrguidance.html. 

California Coastal Commission, 2016, Coastal Access Points Dataset. 

California Economic Forecast, 2014, The Economic Impacts of the Santa Barbara Harbor on the 
U.S. Economy. Prepared for the Santa Barbara Waterfront Department. 

Denka, S., A. Hall, and L. Nicholson, 2015, City of Santa Barbara Sea-Level Rise Vulnerability 
Assessment. Master’s Thesis, Bren School for Environmental Management, University of 
California, Santa Barbara. Accessed 7 August 2018: https://www.bren.ucsb.edu/research/
2015Group_Projects/documents/SeaLevelRiseSB_Thesis.pdf 

Diffenbaugh, N.S., D. Singh, J. S. Mankin, D. E. Horton, D. L. Swain, D. Touma, A. Charland, 
Y. Liu, M. Haugen, M. Tsiang, B. Rajaratnam. 2017. Quantifying the influence of global 
warming on unprecedented extreme climate events. Proc. Natl. Acad. Sci. U.S.A. 114, 4881–
4886. 

Dugan, J. E., CEVA beach, Santa Barbara Area Coastal Ecosystem Vulnerability Assessment. 
2017. CASG-17-009, Accessed 7 August 2018: https://caseagrant.ucsd.edu/project/santa-
barbara-area-coastal-ecosystem-vulnerability-assessment-sba-ceva. 

Dugan, J. E. and Hubbard, D. M., 2016. Sandy beach ecosystems. Ecosystems of California. 
Zavaleta, E., Mooney, H., (Eds.), University of California Press, Chapter 20, pp. 389–408. 

http://dx.doi.org/10.5066/F7T151Q4
http://dx.doi.org/10.5066/F7T151Q4
https://caseagrant.ucsd.edu/project/santa-barbara-area-coastal-ecosystem-vulnerability-assessment-sba-ceva
https://caseagrant.ucsd.edu/project/santa-barbara-area-coastal-ecosystem-vulnerability-assessment-sba-ceva
https://caseagrant.ucsd.edu/project/santa-barbara-area-coastal-ecosystem-vulnerability-assessment-sba-ceva


Vulnerability Assessment Update 
7. References 

City of Santa Barbara Sea-Level Rise Adaptation Plan for the LCP Update 105 ESA / D171018.00 
Vulnerability Assessment Update February 2020 

Dugan, J. E., Hubbard, D. M. and Quigley, B. J., 2013. Beyond beach width: Steps toward 
identifying and integrating ecological envelopes with geomorphic features and datums for 
sandy beach ecosystems. Geomorphology, Volume 199, pp. 95–105. 
doi:10.1016/j.geomorph.2013.04.043. 

Environmental Science Associates (ESA), 2013, Mission Lagoon – Laguna Creek Restoration 
Project, Existing Conditions Report, Prepared for the City of Santa Barbara, January 2013. 

ESA, 2014, Mission Lagoon – Laguna Creek Restoration Project, Conceptual Project Plan, 
Prepared for the City of Santa Barbara, November 2014. 

ESA, 2015, Santa Barbara County Coastal Hazard Modeling and Vulnerability Assessment, 
Technical Methods Report, Prepared for the County of Santa Barbara, November 2015. 

ESA, 2016, Updated Coastal Flooding and Erosion Hazards for Santa Barbara City 
(memorandum), Prepared for the City of Santa Barbara, February 2016. 

ESA, 2016b, Technical Methods Report (Addendum to Santa Barbara County Coastal Modeling 
– Technical Methods Report), Prepared for the County of Santa Barbara, July 2016. 

ESA, 2016c, Los Angeles County Coastal Hazards Modeling and Vulnerability Assessment, 
Prepared for the County of Los Angeles, December 2016. 

ESRI Business Analyst, 2017, Desktop Application: Business Locations and Summary 

Erikson, L.H., Barnard, P.L., O’Neill, A.C., Vitousek, S., Limber, P., Foxgrover, A.C., Herdman, 
L.H., and Warrick, J., 2017, CoSMoS 3.0 Phase 2 Southern California Bight: Summary of 
data and methods, U.S. Geological Survey. http://dx.doi.org/10.5066/F7T151Q4. 

Erikson, L., Barnard, P., O'Neill, A., Wood, N., Jones, J., Finzi Hart, J., Vitousek, S., Limber, P., 
Hayden, M., Fitzgibbon, M., Lovering, J., and Foxgrover, A. 2018. Projected 21st Century 
Coastal Flooding in the Southern California Bight. Part 2: Tools for Assessing Climate 
Change-Driven Coastal Hazards and Socio-Economic Impacts. Journal of Marine Science 
and Engineering, 6(3), 76, doi: 10.3390/jmse6030076 

Federal Emergency Management Agency (FEMA). 2005. Final Draft Guidelines for Coastal 
Flood Hazard Analysis and Mapping for the Pacific Coast of the United States. 
http://www.fema.gov/media-library-data/1389126436477-
5bd6d5959718cf3f5a4b6e919f0c3b42/Guidelines%20for%20Coastal%20Flood%20Hazard%
20Analysis%20and%20Mapping%20for%20the%20Pacific%20Coast%20of%20the%20Unit
ed%20States%20%28Jan%202005%29.pdf. 

Garrity et al, 2016. Garrity, Nicholas J., Robert Battalio PE, Peter J. Hawkes PhD, Dan Roupe, 
Evaluation of Event and Response Approaches to Estimate The 100-Year Coastal Flood for 
Pacific Coast Sheltered Waters, Proceedings of the 30th International Conference of Coastal 
Engineering, 2006, ASCE, 2007, Vol. 2, pp 1651-1663. 

Griggs, G. and N. Russell (University of California, Santa Cruz). 2012. City of Santa Barbara 

http://www.coastal.ca.gov/climate/slrguidance.html
http://www.fema.gov/media-library-data/1389126436477-5bd6d5959718cf3f5a4b6e919f0c3b42/Guidelines%20for%20Coastal%20Flood%20Hazard%20Analysis%20and%20Mapping%20for%20the%20Pacific%20Coast%20of%20the%20United%20States%20%28Jan%202005%29.pdf
http://www.fema.gov/media-library-data/1389126436477-5bd6d5959718cf3f5a4b6e919f0c3b42/Guidelines%20for%20Coastal%20Flood%20Hazard%20Analysis%20and%20Mapping%20for%20the%20Pacific%20Coast%20of%20the%20United%20States%20%28Jan%202005%29.pdf
http://www.fema.gov/media-library-data/1389126436477-5bd6d5959718cf3f5a4b6e919f0c3b42/Guidelines%20for%20Coastal%20Flood%20Hazard%20Analysis%20and%20Mapping%20for%20the%20Pacific%20Coast%20of%20the%20United%20States%20%28Jan%202005%29.pdf
http://www.fema.gov/media-library-data/1389126436477-5bd6d5959718cf3f5a4b6e919f0c3b42/Guidelines%20for%20Coastal%20Flood%20Hazard%20Analysis%20and%20Mapping%20for%20the%20Pacific%20Coast%20of%20the%20United%20States%20%28Jan%202005%29.pdf


Vulnerability Assessment Update 
7. References 

City of Santa Barbara Sea-Level Rise Adaptation Plan for the LCP Update 106 ESA / D171018.00 
Vulnerability Assessment Update February 2020 

Myers, M. R., Cayan, D. R., Iacobellis, S. F., Melack, J. M., Beighley, R. E., Barnard, P. L., 
Dugan, J. E. and Page, H. M., 2017. Santa Barbara Area Coastal Ecosystem Vulnerability 
Assessment. CASG-17-009. Accessed 7 August 2018. 
https://caseagrant.ucsd.edu/project/santa-barbara-area-coastal-ecosystem-vulnerability-
assessment-sba-ceva 

National Research Council (NRC). 1984. California Coastal Erosion and Storm Damage During 
Winter of 1982-83, Prepared by R.G. Dean, G.A. Armstrong and Nicholas Sitar for National 
Research Council, National Academy Press, Wash. DC. 1984 

National Research Council (NRC). 1982. Storms, Floods, and Debris Flows in Southern 
California and Arizona 1978 and 1980, Proceedings of a Symposium, September 17–18, 
1980. National Research Council and California Institute of Technology, national Academy 
Press, Wash. DC. 1982. 

Ocean Protection Council (OPC). 2018, State of California Sea-Level Rise Guidance 2018 
Update, Prepared by the California Natural Resources Agency and the California Ocean 
Protection Council, March 2018. 

Ocean Protection Council (OPC). 2015. Elevated Sea Levels During 2015–2016 Strong El Niño 
Prepared by Abe Doherty, in collaboration with Dan Cayan, Sam Iacobellis, Reinhart Flick, 
and Carmen Boening, California Ocean Protection Council, December 1, 2015. 
http://www.opc.ca.gov/webmaster/_media_library/2015/12/Elevated-water-levels-El-Nino-
2015-16-12.1.15.pdf. 

Odigie, K.O. and Warrick, J.A., 2018. Coherence between coastal and river flooding along the 
California coast. Journal of Coastal Research, 34(2), 308–317. Coconut Creek (Florida), 
ISSN 0749-0208. 

O’Neill, A.C.; Erikson, L.H.; Barnard, P.L.; Limber, P.W.; Vitousek, S.; Warrick, J.A.; 
Foxgrover, A.C.; Lovering, J. Projected 21st Century Coastal Flooding in the Southern 
California Bight. Part 1: Development of the Third Generation CoSMoS Model. J. Mar. Sci. 
Eng. 2018, 6, 59. 

Philip Williams and Associates (PWA). 2009. The Impacts of Sea-Level Rise on the California 
Coast. Prepared for The Pacific Institute, May 2009. CEC-500-2009-024-F. 

Revell, D.L., R. Battalio, B. Spear, P. Ruggiero, and J. Vandever. 2011. A Methodology for 
Predicting Future Coastal Hazards due to Sea-Level Rise on the California Coast. Climatic 
Change 109:S251-S276. DOI 10.1007/s10584-011-0315-2. 

Santa Barbara County Assessor. 2018. Assessor Secured Roll. 

Seymour, 1983. Extreme Waves in California During Winter, 1983. Prepared by R. J. Seymour, 
California Department of Boating and Waterways, 21 April, 1983. 

United States Census Bureau. 2016. ACS 2010–2016 Five Year Table S1101. 

Vitousek, S., P. L. Barnard, P. Limber, L. Erikson, and B. Cole. 2017. A model integrating 
longshore and cross shore processes for predicting long term shoreline response to climate 
change. Journal of Geophysical Research Earth Surface 122(4): 782-806. 
https://doi.org/10.1002/2016JF004065 

http://www.opc.ca.gov/webmaster/_media_library/2015/12/Elevated-water-levels-El-Nino-2015-16-12.1.15.pdf
http://www.opc.ca.gov/webmaster/_media_library/2015/12/Elevated-water-levels-El-Nino-2015-16-12.1.15.pdf


Vulnerability Assessment Update 
7. References 

City of Santa Barbara Sea-Level Rise Adaptation Plan for the LCP Update 107 ESA / D171018.00 
Vulnerability Assessment Update February 2020 

This page intentionally left blank 






