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Executive summary 

A study was conducted to understand the hydrology and biology of the Las Encinas Creek estuary, a small wetland 
system along central Carlsbad’s coastline, in order to better predict how the habitats might evolve under two 
proposed roadway realignment scenarios being considered as part of the South Carlsbad Climate Adaptation Project 
and with consideration of up to 6.6 feet (feet) of sea level rise (SLR). The roadway options under evaluation are 
specific to the southernmost portion of the Project area within the vicinity of the Las Encinas Creek estuary and are 
being referred to as the Retreat Now or Phased Adaption options. The Phased Adaptation alternative would either 
leave in place or partially remove the Southbound Carlsbad Boulevard infrastructure for passive or active 
recreational uses until coastal hazards overwhelm the repurposed space. Once this trigger is met, the roadway in 
this area would be demolished and vehicular and recreational users would shift to the new bi-directional roadway 
corridor. The Retreat Now alternative, refers to the naturalization of the area by removing infrastructure from 
Southbound Carlsbad Boulevard and restoring the Las Encinas Creek estuary system. 

A baseline understanding of the Encinas Creek estuary guided the development of habitat restoration concepts for 
each of these roadway options that considered how the shoreline, tidal marsh habitat, and creek hydrology would 
respond to SLR. This study compared these two roadway options, and the opportunities they present for sandy 
beach and habitat restoration/preservation, against a number of key criteria to aide in the decision-making process. 
Key findings from this analysis are summarized in Table ES-1 below:  

Table ES-1. Key findings for the Retreat Now and Phased Adaptation Alternatives 

Category  Retreat Now Phased Adaptation 

Sandy Beach: Will the 
alternative sustain a dry, 
sandy beach in the 
Study Area? 

Yes. Alternative is anticipated to increase the 
beach area immediately through removal of 
infrastructure and potentially sustain this 
beach through 6.6’ of SLR as the beach and 
created dune are allowed transgress 
landward.  

No. It is anticipated that with 1.7’ of SLR the 
existing narrow beach within the Study Area 
will be eroded until the southbound roadway 
is removed/relocated.  

Habitat Restoration: 
Does the alternative 
restore previously 
developed areas for 
habitat purposes?   

Yes. The alternative would restore about half 
of the developed area that exists within the 
Study Area and restores it to coastal strand 
habitat. 

Yes. The developed areas will be restored in 
later phases of the Project once coastal 
hazards overwhelm southbound Carlsbad 
Boulevard.   

Tidal Wetland 
Migration: Does the 
alternative allow for 
upland tidal migration?  

Yes. Both alternatives accommodate wetland habitat migration with future SLR.  

Riparian Habitat: Do 
the alternatives sustain 
Arroyo willow riparian 
habitat with SLR?  

No. Both alternatives (and the existing conditions) are anticipated to result in a decline of 
Arroyo willow riparian habitat with SLR. The loss could be reduced with establishment of 
additional riparian habitat in suitable areas around the periphery of the Study Area that are 
contiguous with similar riparian habitat types. 

Coastal Hazards & 
Public Safety: Would 
the alternative provide 
public protection from 
existing and projected 
future coastal hazards?   

Yes. This alternative would relocate public 
infrastructure out of the coastal hazard zone. 
Recreational uses of the abandoned space 
would be protected through nature-based 
design techniques such as a cobble-sand 
dune system.  
 

Yes. This alternative would repurpose the 
roadway for recreational uses until it 
becomes unsafe to use for this purpose. The 
existing rock shoreline protection would 
remain in place to protect the roadway from 
erosion. Physical triggers will be established 
to demarcate when the space needs to be 
abandoned.  

 

Next steps for this study include further progressing the design of the Las Encinas Creek estuary restoration 
component of the Project once a decision is made between the Phased Adaptation and Retreat Now options. Should 
the Phased Adaptation option be selected, future study may be needed to define appropriate triggers for future 
management actions (e.g. RSP improvements and eventual retreat). Coordination with the resource agencies, and 
specifically the California Coastal Commission, would be beneficial to discuss the triggers and potential management 
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actions associated with this option. The restoration design option would ultimately become part of the roadway 
design package at the conclusion of the South Carlsbad Climate Adaptation Project phase. 
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1. Introduction  
The South Carlsbad Climate Adaptation Project (Project) seeks to realign Carlsbad Boulevard to re-vision 
acres of coastal land between approximately Terramar Point and Island Way with multi-use trails, community 
spaces and habitat restoration areas. The repurposing of this space will be accomplished primarily through 
consolidating roadway infrastructure into a bi-directional transportation corridor along the existing Northbound 
South Carlsbad Boulevard alignment. Relocation of this roadway would build resilience into the transportation 
corridor from current and projected future coastal hazards; specifically, the coastal and cliff erosion that is 
anticipated as sea levels rise (SLR) over the next 100 years. The aim is to achieve Project resilience without 
the need for new shoreline protection (and possibly the removal of existing protection) with a focus on 
retreating from coastal hazards and the use of nature-based design techniques to slow erosion while restoring 
habitat.  

During the design phase of the Project and specifically during stakeholder outreach activities, questions arose 
surrounding whether the Project should be phased over time or initially built to the ultimate (i.e. 2120-time 
horizon) configuration. These two phasing options are being referred to commonly within this study as 
“Phased Adaptation” or “Retreat Now”. Key themes around the question of phasing relate to the proposed 
uses of these abandoned spaces and the types, function and viability of habitat restoration options at Las 
Encinas Creek in each of these scenarios. This study seeks to help answer questions regarding the quality 
and resilience of habitat restoration options at Las Encinas Creek as they relate to the two Project 
implementation options being considered. The Study Area is focused on the Las Encinas Creek area to inform 
implementation phasing in this segment of the Project Area (Figure 1-1).   
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Figure 1-1. South Carlsbad Boulevard Climate Adaptation Project – Las Encinas Creek Habitat Restoration Study Area   
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3. Coastal & Hydrological Setting 
The Study Area has undergone significant development in the last century. Historically, the area was likely a 
tidal lagoon consisting of salt flats subject to frequent overwash. Evidence of overwash can be seen in Figure 
3-1 as sand splay deposits, which appear to reach as far east as the Interstate 5 (I-5) alignment. The 
construction of South- and Northbound Carlsbad Boulevard and the North County Transit District (NCTD) rail 
prism would have reduced the frequency of overwash events and landward migration of the foredune strand 
and dune field.  

Currently, Encinas Creek flows through an engineered channel through the Encina Wastewater Treatment 
Plant and enters the Project Area through a single concrete box culvert under Avenida Encinas and the rail 
prism. Encinas Creek continues from the rail prism culvert outfall to the Northbound Carlsbad Boulevard 
crossing, which consists of a double concrete box culvert, and then Southbound Carlsbad Boulevard 
crossing, which consists of a concrete arch culvert and discharges directly to the beach and Pacific Ocean.  

  

Figure 3-1. Encinas Creek Study Area Present Day (Left) & and 1932 (Right) 

 

3.1 Coastal Setting    
The coastline fronting the Project Area is predominantly narrow sandy beaches backed by steep coastal cliffs. 
The cliff geology is described in upper and lower layers with varying thickness. The upper layer consists of a 
weak marine terrace deposit, while the lower layer varies in type and thickness.  

The beaches along this reach of shoreline are narrow and chronically eroding. This beach condition has led 
to a history of damage occurring to the low-lying segment of Carlsbad Boulevard fronting Encinas Creek, 
which resulted in two extensions to the bridge abutment rock slope protection (Figure 3-2). The wave climate 
in the City of Carlsbad can be characterized by long period swells predominately from the southwest through 
the summer and spring months. During the winter and fall months, high energy waves approach from the 
northwest and west. 

I-5  

Overwash/ 
sand splay 
deposits 
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Figure 3-2. Study Area Shoreline  

 

3.1.1 Coastal Water Levels  
The National Oceanic and Atmospheric Administration (NOAA) maintains and operates tidal stations 
throughout the Unites States. The representative tide gauge for the Project site is located in La Jolla, 
approximately 18 miles south of the Study Area. The datums used in this study are shown in Table 3-1 relative 
to North American Vertical Datum of 1988 (NAVD88).  

Table 3-1. Tidal Datums for La Jolla, CA (NOAA Sta. 9410230) 

Datum Elevation, feet (NAVD88) 

Highest Observed (11/25/2015) 7.62 

Highest Astronomical Tide (HAT) 7.01 

Mean Higher High Water (MHHW) 5.13 

Mean High Water (MHW) 4.41 

Mean Sea Level (MSL) 2.54 

Mean Low Water (MLW) 0.71 

NAVD88 0.00 

Mean Lower Low Water (MLLW) -0.19 

Lowest Astronomical Tide (LAT) -2.20 

Lowest Observed (12/17/1993) -3.06 

The shoreline fronting the Project site shoreline is classified by the Federal Emergency Management Agency 
(FEMA) as Zone VE, with a base flood elevation (BFE) of 18 feet (NAVD 88). Zone VE is defined as an area 
subject to a 100-year flood with exposure to waves. The offshore area is classified by a BFE of 21 feet.  

3.1.2 Sea Level Rise Projections   
In the State of California, the Sea-Level Rise Guidance 2018 Update published by the Ocean Protection 
Council (OPC) is considered to be the best available science concerning SLR projections. Projections are 
provided for 12 active tidal gauges in California and the La Jolla projections are representative of the Project 
site. The range of SLR projections at time horizons of interest for the Project are shown in Table 3-2. 
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Table 3-2. Sea Level Rise Projections for La Jolla (OPC, 2018) 

Time Horizon Likely Range, 66% Probability SLR is 
between  (feet) 

0.5% Probability 
Projection (feet) 

H++ Scenario 
Projection (feet) 

2050 0.7 1.2 2.0 2.8 

2070 1.1 2.0 3.6 5.2 

2100 1.8 3.6 7.1 10.2 

2120 2.3 4.3 8.8 14.3 

Based on the OPC SLR Guidance document and the California Coastal Commission’s Sea Level Rise Policy 
Guidance (2018), we have assumed the appropriate risk category for the Project is the “medium-high risk 
aversion” for which the guidance document recommends using the 0.5% probability SLR projections. The 
Project planning horizon is 100 years (or out to year 2120) due to the importance of the proposed 
transportation infrastructure.   

3.1.3 Shoreline Erosion  
The Project site is located within the northern portion of the Oceanside littoral cell, which extends from 
Oceanside Harbor to the La Jolla submarine canyon. The Study Area has a limited dry sandy beach, in which 
the Mean High Water (MHW) shoreline position is typically at the toe of the rock revetment. The foreshore of 
the beach profile contains a significant amount of cobble that is typically exposed in the spring and summer 
months. The presence of an overlying thin layer of sand varies seasonally and is often seen in the fall and 
winter months.  

The San Diego Association of Governments (SANDAG) commissions beach profile surveys of numerous 
shore-perpendicular transects throughout San Diego County on a bi-annual basis. The transect that is nearest 
to the Project site is located at North Ponto (transect # CB-0760), approximately 600 feet south of the Las 
Encinas Creek mouth. This beach, similar to most in southern California, is at its widest in the fall and 
narrowest in the spring. The general beach width trend at this site is erosional at a rate of about 2.5 feet/year, 
despite regional beach nourishment efforts that occurred in 2001 and 2012 (Figure 3-3).  

 

 
Figure 3-3. Beach Widths within the Study Area (SANDAG CB-0760 Profile)  
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3.1.4 Cliff Erosion  
The realigned, bi-directional roadway and other Project features are being designed to meet the community’s 
needs while minimizing exposure to coastal hazards throughout the design life. A Cliff Erosion Assessment 
Report was prepared by the Scripps Institution of Oceanography (SIO) in March 2022 to determine hazard 
setback distances through the Project Area (i.e. potential cliff erosion zones for various sea level rise 
scenarios). This study examined cliff change from 1998 to 2020 and forecasted future bluff edge positions 
using four predictive models over a subset of the overall Project Area. A subset of these results as they 
pertain to the Study Area are presented in Table 3-3. The Cliff Erosion Assessment Report is included as 
Appendix A for reference.  

Table 3-3. Cliff Retreat Setbacks within the Study Area (SIO, 2022) 

 

 

3.1.5 Shoreline Protection  
The cliff fronting South Carlsbad Boulevard in the vicinity of Encinas Creek has a history of erosion and 
instability. Slope stabilization of this approximately 1,300-foot segment has occurred through three 
incremental placements of rock shoreline protection (RSP) from 2009 to 2016. The RSP is a two to four ton 
rock placed at a 1.5:1 (H:V)1 slope underlain by a geotextile fabric. The last segment of RSP was placed 
during the 2015/2016 El Niño winter where a succession of wave events caused significant erosion and 
cliff/roadway instability (Figure 3-4), which led to a partial closure of the roadway and emergency repair work. 
The California Coastal Commission permit granted during that time was conditional on the completion of an 
analysis of viable alternatives for this area. A study was prepared titled Final Alternatives Analysis Report: 
Las Encinas Revetment (Moffat & Nichol 2017), which looked at various shoreline protection options 
alongside a roadway realignment option. The City requested a five year permit extension from the California 
Coastal Commission to develop a long-term management plan for the roadway that incorporates one of these 
alternatives. This Project is in direct response to this long-term management plan requirement.  

 
1 Horizontal: Vertical  
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Figure 3-4. Erosion along Southbound Carlsbad Boulevard near Encinas Creek (Photo taken 3/17/2016 by City of Carlsbad) 

3.2 Hydrologic Setting – Encinas Creek  
The Encinas Creek watershed has a drainage area of approximately 3.7 square miles, extending from the 
McClellan-Palomar Airport westward to the Pacific Ocean (Figure 3-5). Similar to most of Southern California, 
Encinas Creek is an ephemeral stream whose drainage basin receives an average annual precipitation of 
approximately 13-inches, most of which occurs October-April.  This basin has a mean elevation of 198 feet 
with a relief of 435 feet. The vast majority of the drainage basin is developed, with close to 50% of the land 
determined by the United States Geological Survey (USGS) to be impervious (USGS StreamStats, 2021). 
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Figure 3-5. Las Encinas Creek Basin 

Encinas Creek morphology has been highly altered by upstream urbanization, culverts and shoreline 
modifications. Urban stormwater runoff has likely increased frequency and magnitudes of peak flow rates 
and velocities, resulting in channelization of Encinas Creek between the rail prism and Northbound Carlsbad 
Boulevard. A deep scour pool exists at the large culvert outlet below Avenida Encinas/rail prism at the south-
eastern end of the Study Area (Figure 3-6), and seasonal channels radiate out from the pool, with one small 
perennial channel flowing west to the toe of the Northbound Carlsbad Boulevard bank.  
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Figure 3-6. Large scour pool at the outlet of the large culvert under Avenidas Encinas  

Water flowing approximately due west from the Avenida Encinas culvert outlet and scour pool into the west 
might have diverted flow away from a more defined historic Encinas Creek channel, which had already run 
dry at the time of the mid-August field surveys. The upper portion of the larger channel has become braided 
and has lost a clearly defined bed, bank, and channel through much of the upper portion. The toe of 
Northbound Carlsbad Boulevard serves as a seasonal channel that coalesces with other seasonal channels 
into the widened perennial creek on the north end of the site near the culvert under Northbound Carlsbad 
Boulevard. There has likely been a major increase in peak flows that have substantially changed the 
morphology of Encinas Creek as indicated by the scour pool, apparent change in dominant flow direction, 
and lack of a clearly defined creek bed and bank through most of the eastern portion of the Project area. The 
existing thalweg profile, or the longitudinal profile of the deepest portion of the channel, of Encinas Creek 
within the Project area is shown in Figure 3-7. 

 
Figure 3-7. Encinas Creek Thalweg Profile  

Based on widespread signs of seasonal inundation including high wrack caught in willows, sediment deposits, 
soil cracks, and obligate wetland plants at high elevations, the site is subject to flash flooding east of 
Northbound Carlsbad Boulevard during major winter precipitation or extreme tide events. In the northeast 
portion of the site, a basin characterized by pickleweed and cracked fine sandy soil appeared to seasonally 
collect stormwater runoff and/or floodwaters. The presence of pickleweed and other halophytic plants in this 
relatively high basin area (~13-16 feet elevation NAVD88) likely indicated that it may seasonally flood with 
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brackish water from wave runup and accumulate salt in the soil without getting flushed by flowing freshwater 
inputs like much of the area immediately surrounding Encinas Creek. Downstream of the culvert under 
Northbound Carlsbad Boulevard, the creek has been scoured approximately eight feet below the concrete 
double box culvert outlet approximately seven feet below Ordinary High Water Mark as indicated by undercut 
banks, breaks in slope, and vegetation type). The mouth of Encinas Creek was mostly blocked by beach 
sand accreting on the concrete arch culvert sill, with a very low flow observed under Southbound Carlsbad 
Boulevard during the August field investigation. Lower Encinas Creek, bound by North- and Southbound 
Carlsbad Boulevard, was surrounded by brackish to salt marsh vegetation (e.g. pickleweed and Menzies 
goldenbush) and appeared to have some regular tidal influence with ocean waves likely overtopping the 
accreted sand at higher tides. South of the Encinas Creek mouth, a concrete pad exists with a marker 
indicating the presence of a stormwater outfall pipe. Unusual patterns of dead vegetation and wetland plants, 
such as cattails, around the pad may indicate that the outfall pipe is another source of hydrology onsite. 

Hydrology onsite is subject to natural seasonal variation as well as increased watershed runoff and altered 
channel morphology that may increase the “flashiness” of the system. Surges of water into the system during 
periods of high surf and tides in the winter are expected to increase the extent of saltwater inundation onsite, 
and this could coincide with high flow events that cause the scour pool below Avenida Encinas to overflow 
and flood the eastern portion of the site. The site was investigated during the dry season, when Encinas 
Creek flow was likely at its lowest. Additionally, a smaller culvert under Avenida Encinas, a culvert and ditch 
originating at Northbound Carlsbad Boulevard, and non-point source stormwater runoff all contribute 
seasonal or ephemeral discharges to the Study Area.  
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4. Biological Site Assessment  
This section provides a summary of previously completed biological studies as well as site assessments 
conducted as part of this study to fill data gaps. 

4.1 Previous Biological Studies & Mapping  
Habitat delineations at the Study Area were previously undertaken by EDAW and AECOM in 2005 and 2013, 
respectively. These mapping efforts were not completed at scale suitable to develop vegetation-elevation 
relationships. Furthermore, the best publicly available elevation dataset (light detection and ranging, or 
LiDAR) is not precise enough to resolve ground surface elevations at habitat breaks. Thus, a habitat and 
topographic survey was needed to accurately assess the project site.  

At the eastern segment of the site, between Northbound Carlsbad Boulevard and the rail prism, vegetation 
had previously been mapped as Diegan coastal sage scrub, southern willow scrub, and willow scrub/coastal 
salt marsh (Figure 4-1).  To the west of the Northbound Carlsbad Boulevard, much of the area was described 
as disturbed southern coastal salt marsh or disturbed habitat (Figure 4-1).  

 
Figure 4-1. Previous habitat mapping by EDAW and AECOM  

Species surveys were also performed by AECOM in 2013. The results of the survey are shown in Figure 4-2 
relative to the Study Area. Some of the species observed include the Brown-Headed Cowbirds (parasitic 
native), White-tailed Kite, and the Willow Flycatcher.  
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Figure 4-2. Vegetation map and avian observations, project site is shown in red. (AECOM, 2013). CAGN – Coastal California 

Gnatcatcher; WTKI – White-tailed kite; WIFL – Willow Flycatcher; YBCH – Yellow breasted Chat; YWAR – 
Yellow Warbler 

4.2 Updated Topographic & Biological Assessment  
GHD performed a topographic and biological field assessment to define elevations associated with habitat 
breaks to better understand the hydrology associated with each habitat zone. This information will provide a 
baseline for which to estimate how these habitat distributions may change with SLR.   

4.2.1 Mapping Methods  
Habitat mapping was undertaken from August 16 to August 18, 2021 led by GHD ecologist Kelsey McDonald. 
Habitat mapping consisted of categorizing communities onsite according to functional habitat type and then 
characterizing the habitat according to dominant vegetation. Habitat polygon boundaries were primarily drawn 
in the field using the EOS Arrow Gold Global Navigation Satellite System (GNSS) receiver and ArcCollector. 
Field points and aerial imagery assisted with digitizing major vegetation breaks in the office. Native vegetation 
communities were then keyed to Vegetation Alliance according to the Vegetation Classification Manual for 
Western San Diego County (2011). 

The vegetation mapping was supplemented with a topographic survey, which consisted of collecting 
elevations with the EOS Gold GNSS receiver and ArcCollector along stream cross-sections and cross-shore 
profiles. Encinas Creek and secondary channel topography was characterized by collecting elevations of 
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Ordinary High-Water Mark (OHWM), thalweg, toe of slope, and bench elevation above top of bank at a total 
of 24 stream cross-sections. Cross-section locations included two along the beach, six between Southbound 
and Northbound Carlsbad Boulevard, four along the discernible main channel above Carlsbad Boulevard, 
two along the cattail marsh channel, five along the upper scour pool and channels, four along a seasonal 
ditch, and one showing an additional area of seasonal flow below a smaller eastern culvert. Four cross-shore 
profile transects were established to characterize topography and the associated vegetation types across the 
site. Elevation and generalized vegetation data were collected at approximately every 10 meters and at major 
breaks in topography or dominant vegetation type. Benchmark elevations along the road shoulder and 
culverts were also collected to compare the data with remotely sourced LiDAR elevations and to provide 
reference points for monitoring flow conditions. 

4.2.2 Habitat and Topographic Mapping  
The results of the habitat, hydrologic and topographic mapping are shown in Figure 4-3 and Figure 4-4. Much 
of the site is dominated by iceplant and non-native scrubs. There is also a strong presence of Arroyo willow, 
cattail marsh, and pickleweed marsh. The topographic/hydrologic mapping found three main channels that 
flow into Encinas Creek, one of which results from a stormwater conveyance feature found at the southern 
extend of the Study Area. The other two flow paths originate from the scour pool at the culvert under the 
railway prism. These results will be discussed in more detail in the following sections.  
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Figure 4-3. Vegetation mapping results at Study Area 
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Figure 4-4. Topography and Hydrology of the Study Area 
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