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EXCUTIVE SUMMARY
The City of Eureka (City) received a grant from the Ocean Protection Council (OPC) to
prepare a sea level rise asset vulnerability and risk assessment. The purpose of that
assessment is to identify high priority assets which are vulnerable and at risk from sea
level rise. Based on the City’s assessment, this sea level rise adaptation planning report
develops adaptation goals, strategies and measures for high priority assets, planning
horizons or targeted water elevations, and specific geographic areas. The
recommendations in this adaptation planning report may be used to guide the update of
the City’s Coastal Land Use Policy to incorporate sea level rise goals, policies, and
regulations. It is important to note that the all of the City’s Land Use Policies are
developed for a 20-year planning horizon.
Between 2013 and 2016, the City actively participated in a regional sea level rise
planning effort on Humboldt Bay. The City has been able to use relative sea level rise
projections and inundation modeling and maps produced by the Humboldt Bay sea level
rise adaptation planning project (NHE 2015). The City’s sea level rise adaptation
planning effort builds on the adaptation planning work of the regional planning effort.
Important reference documents used in the preparation of adaptation goals, strategies,
and measures for this report are:



California Climate Action Team’s State of California’s Sea-Level Rise Policy
Guidance (2013); and
Coastal Commission’s Sea Level Rise Policy Guidance (2015).

The areas of the City that are vulnerable and at-risk from sea level rise by 2050 and
2100 are presented as Sea Level Rise Planning Areas (SLRPA). Adaptation planning in
this report is based on three concepts that address assets, planning horizons/ water
elevations, and specific geographic areas of the City most likely to be affected by sea
level rise. As the City owns some but not all high priority assets that are critical to the
community, this report introduces collaborative stakeholder-based adaptation planning;
stakeholders include asset owners, property owners, protective shoreline structure
owners, regulatory agencies and interested public.
The City’s adaptation planning report utilizes projected rates of sea level rise for
Humboldt Bay that incorporate local vertical land motion trends caused by tectonic
subsidence (CG 2015 and NHE 2015). Prior hydrodynamic modeling of Humboldt Bay
(NHE 2015) generated inundation maps that were used to identify areas adjacent to
Humboldt Bay that are vulnerability and risk from sea level rise.
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This report explores adaptation planning approaches that focus on: priority assets,
planning horizons/water elevations, and geographic areas. This report further presents
adaptation goals and strategies for each of these approaches and recommend goals,
strategies, and measures that can be incorporated in the City’s’ Local Coastal Program
(LCP) as goals, policies and regulations. It is important to note that the City’s LCP is
developed for a 20-year planning horizon.
Coastal sea level rise planning involves informational and regulatory components. To
date most of the sea level rise planning efforts on Humboldt Bay have been
informational. This report is a pathway to exploring pragmatic regulatory and long-range
(20 year) planning opportunities for adaptation to sea level rise in the City and
disclosing potential private property issues. Several issues associated with developing
LCP land use regulations to address sea level rise that consider sea level rise
projections and resulting SLRPA are also discussed.
In response to these issues, there are four parameters guiding the direction of this
adaptation planning report:
1. The City’s emphasis is on the high projection for sea level rise on Humboldt Bay
by 2050 and a targeted water elevation of 2 feet (mean monthly maximum water
[MMMW] elevation of 9.6 feet NAVD 88);
2. Enhancing or modifying shoreline structures, such as dikes and bulwarks, can
protect the City’s diked lands and waterfront and other at-risk areas from sea
level rise;
3. The City is focused on its most vulnerable geographic areas and the most
vulnerable City-owned high priority assets:
a. Most vulnerable geographic areas
i. The Eureka-Fay Slough hydrologic unit
ii. The commercial waterfront
iii. The industrial waterfront
b. Most vulnerable high priority assets under its control
i. Wastewater system
ii. Stormwater System
iii. Marina and existing City-owned shoreline protection structures
4. The City’s adaptive capacity to address high priority assets is constrained
because many of these assets are not owned by the City; therefore, collaboration
with asset owners and beneficiaries will be necessary.
When planning for adaptation to sea level rise, it is useful to establish a specific goal(s)
that is desired or the threshold that an asset or geographic area needs to achieve or
accomplish. Goals have been articulated for:


Four asset classes (land uses, coastal resources, utilities, and transportation);
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A planning horizon and associated sea level rise prediction (the year 2050 or 2
feet of sea level rise); and
Two geographic areas (Eureka-Fay Slough and the waterfront).

Strategies to achieve these goals include feasible (physically, legally, and financially)
methods, action plans, or approaches. In general, adaptation strategies for existing
development are proactive approaches that include: (1) protect, (2) accommodate, (3)
retreat, and, for new development, (4) avoid. This report describes adaptation strategies
and measures that would help implement the goals of each asset class.
The City’s preferred adaptation goal and strategy is to protect people, land uses,
development, and the natural environment from an anticipated 2 feet of sea level rise.
Sea level rise predictions include uncertainty and a wide range of projections from 2050
to 2100-- 9.8 to 13.1 feet for MMMW elevations. For example, the high projection of
2050 is 1.9 feet and the low projection is 2.1 feet; adopting 2 feet as its planning goal
could serve both planning horizons and is more than sufficient to cover the 20-year
planning horizon of the City’s LCP. There are no “official” state or federal sea level rise
projections or tidal inundation maps that the City may rely on to identify SLRPA. The
City is undertaking an update to its LCP, which is a regulatory document. Incorporating
SLRPA in its LCP will lead to creating a new “Coastal Zone” that will impose new
development restrictions in a specific geographic footprint. However, the Coastal
Commission retains development jurisdiction over 85% of the SLRPA based upon 2 feet
of sea level rise (2050). The Commission relies on Policies in Chapter 3 of the Coastal
Act when reviewing and authorizing development.
The development of state and/or federally-directed sea level rise projections and tidal
inundations maps for Humboldt Bay would help the City and other municipalities plan for
sea level rise without concern for potential claims of takings. The Eureka-Fay Slough
area is already vulnerable from tidal inundation if the protective dikes are breached or
overtopped. Relying on future projections for sea level rise does not eliminate the risk to
land uses and developments in this area. The City’s goal and strategies of protecting
this vulnerable area, if successfully implemented, would negate the need to adopt a
SLRPA for 2 feet.
However, in the waterfront area, there are significant differences in SLRPA based on
low versus high projections for the year 2100. The City has elected to utilize the low
projection for 2100 of 2 feet and reassess projections based on the best available
science when it next updates its LCP in 2040. At this time, the City does not feel it is
prudent to consider rezoning or imposing additional siting or developing standards in the
SLRPA.
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This report also includes Addendum 1, which provides additional analysis, includes draft
goals and policies that could potentially be included in the City’s Local Coastal Plan,
outlines potential strategies that could be utilized to protect priority assets, clarifies how
and why the City could selected a specific projected sea level rise elevation, identifies
other issues to consider besides “best available science” when making policy decisions,
and highlights specific Coastal Act sections that require certain assets to be protected.
The Addendum is a good place to start for readers that want to review the City’s draft
policies and adaptation strategies. The remainder of this report provides the details that
were utilized to develop Addendum 1.

1.0

INTRODUCTION

The City is currently updating its General Plan to guide land use through 2040. In 2014,
the OPC awarded the City a grant to develop Coastal Land Use Policy for Sea-Level
Rise Adaptation, as a component of its LCP. The City’s adaption planning efforts build
on prior and current sea level rise planning within both the greater Humboldt Bay region
and the City proper, including the City’s 2040 General Plan Background Report.
Reference documents consulted in the preparation of the City’s sea level rise adaptation
planning report include: California’s Adaptation Planning Guide (CNRA 2012), State of
California Sea-Level Rise Guidance Document (CA-CAT 2013), and the Coastal
Commission’s Sea Level Rise Policy Guidance Document (2015). Consultation with
Coastal Commission staff also helped guide the City in the development of this
adaptation planning report.
The City’s OPC sea-level rise adaptation planning grant had three tasks:
1. Conduct a sea level rise vulnerability and risk analysis; map assets based on the
existing inundation mapping for the Humboldt Bay region. Assets that are
vulnerable and at-risk will be prioritized for sea level rise adaptation based on
their exposure, susceptibility, and criticality. The results of this analysis are
compiled in the City of Eureka: Sea Level Rise Assets Vulnerability and Risk
Assessment Report (Laird 2016).
2. Prepare an Adaptation Planning Report (this report) based on the Assets
Vulnerability and Risk Assessment Report (Laird 2016). General adaptation
strategies fall under several categorical approaches: (1) no action or “business
as usual,” (2) protect, (3) accommodate, and (4) retreat. This report will describe
specific sea level rise adaption strategies and measures for high priority assets.
The development of the City’s adaptation strategies and measures will be
coordinated with Coastal Commission staff and integrated, to the extent feasible,
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with efforts of other agencies, including: Humboldt County, Humboldt Community
Services District, Humboldt Bay Harbor District, Tribes, North Coast Railroad
Authority, California Department of Fish and Wildlife (DFW), and Caltrans.
3. The sea level rise adaptation strategies in the Adaptation Planning Report will be
incorporated into the City’s LCP update as goals, policies and regulations
integrated, to the extent feasible, with other LCPs and management plans on
Humboldt Bay. Proposed LCP goals, policies and regulations will be presented to
the public and submitted to the Coastal Commission for their review and input
during the LCP update process.
This sea level rise adaptation planning report utilizes data, tools and findings from
several regional and local planning projects: Tectonic land level changes and their
contribution to sea-level rise, Humboldt Bay region, Northern California (Cascadia
GeoSciences 2014), Humboldt Bay Sea Level Rise Adaptation Planning Project Phase I
(Laird and Powell 2013) and Phase II (NHE 2014a, NHE 2015, Laird 2015), City of
Eureka General Plan Community Background Report’s Sea Level Rise Impact Analysis
(ESA 2014), and City of Eureka Sea Level Rise Assets Vulnerability and Risk
Assessment Report (Laird 2016).

1.1. Humboldt Bay Sea Level Rise Adaptation Planning
The Humboldt Bay Sea Level Rise Adaptation Planning Project (Project) was a multiphased regional collaboration funded by the California State Coastal Conservancy
(2013-2015). The Project conservatively selected the mean monthly maximum water
(MMMW) elevation (7.74 feet NAVD 88) based on NOAA’s north spit tide gage record
as it sea level rise planning datum. The Project’s purpose was to inform the public and
local agencies of the risk that sea level rise poses to the communities and environment
on Humboldt Bay and examine the process of developing adaptation strategies and
options for critical regional assets. Critical regional assets provide services necessary
for the public’s health and safety. Their loss or impairment would affect large numbers
of people or properties/business in the Humboldt Bay region. Critical regional asset
categories in the Humboldt Bay region are: urban areas, coastal resources (agricultural
lands, seasonal freshwater wetlands, and wildlife habitats), utilities, and transportation
infrastructure. The adaptation strategies that were developed represented a starting
point from which stakeholders may develop plans for dealing with impending sea level
rise on Humboldt Bay.
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Phase I of the Project involved gathering baseline data on shoreline vulnerability. This
included the Humboldt Bay Shoreline Inventory, Mapping, and Sea Level Rise
Vulnerability Assessment (Laird and Powell 2013), which described current shoreline
conditions and identified shoreline segments vulnerable under current conditions to
breaching or overtopping. Seventy-five percent (77 miles) of Humboldt Bay’s shoreline
is artificial, predominately consisting of earthen dikes (41 miles) and railroad beds (11
miles). (Dikes are shoreline structures built to prevent tidal inundation of low-lying areas,
often former tide lands.) Approximately 26 miles of artificial shoreline are rated highly
vulnerable to breaching or being overtopped (Laird and Powell 2013).
Phase II of the Project included three components: (1) preparation of Humboldt Bay Sea
Level Rise Hydrodynamic Modeling and Inundation Vulnerability Maps (NHE 2015); (2)
formation of a Humboldt Bay Sea Level Rise Adaptation Planning Working Group
(APWG), convened by the Humboldt Bay Harbor, Conservation, and Recreation District
(HBHCRD) and the Humboldt County Public Works Department as co-lead agencies;
and (3) preparation of the Humboldt Bay Sea Level Rise Adaptation Plan (Laird 2015).
Relative sea level rise projections have been prepared, for Humboldt Bay’s north spit
tide gage from 2000 to 2100, including low and high greenhouse gas emission
scenarios, by Northern Hydrology and Engineering (NHE) (2015). NHE’s projections are
based on tectonic research of vertical trends of the Humboldt Bay region (CG 2015).
NHE prepared 3-dimensional inundation models in Humboldt Bay and 2-dimensional
models adjacent to Humboldt Bay. Model outputs included maps of surrounding areas
potentially vulnerable to tidal inundation from existing and future sea levels that are
currently protected by the natural shoreline, dikes, and railroad and/or road grades. The
goal and purpose of the APWG was to support informed decision-making and
encourage unified consistent regional adaptation strategies to address the planning
challenges and potential future hazards associated with sea level rise in the Humboldt
Bay region.
The Humboldt Bay Sea Level Rise Adaptation Plan (Laird 2015) summarizes the
APWG’s exploration of sea level rise adaption planning on Humboldt Bay. The plan
presents in-depth adaptation planning case studies for two critical regional assets that
are at-risk from sea level rise: agricultural lands and uses and the U.S. Highway 101
corridor. These assets were evaluated extensively by way of a sea level rise impact risk
analysis that assessed the asset’s exposure, sensitivity, and significance or
consequence if lost or impaired. Regardless of what approach is selected to adapt to
sea level rise impacts, funding and regulatory flexibility are two critical issues that will
need to be addressed. Developing and implementing adaption strategies for assets atrisk will require decades of planning, design, and implementation, as well as significant
financial investments. Determining who owns, is responsible for, is dependent upon or
uses the services provided by a critical asset at-risk will likely identify who should be
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involved in selecting appropriate adaptation strategies, developing feasible adaptation
options, and securing funds for implementing these options.

1.2. City of Eureka Sea Level Rise Adaptation Planning
The City is exposed to several types of coastal hazards: tsunamis from a Cascadia
subduction event, sea level rise projections of up to 5.4 feet by 2100, and 100-year
floods, storm surge, and wave run-up. The City faces a range of exposures to sea level
rise by 2050 (0.7 to 1.9 feet) and 2100 (2.1 to 5.4 feet) based on low versus high
emission scenarios. While the State of California and the Federal Emergency
Management Agency (FEMA) have mapped the tsunami and 100-year flood hazard
areas on Humboldt Bay, modeling and mapping of potential tidal inundation of lands
adjacent to Humboldt Bay was prepared by NHE in 2015 pursuant to a grant from the
State Coastal Conservancy. The City has selected to focus its present adaptation
planning efforts on approximately 2 feet of sea level rise, the high projection for 2050,
which for MMMW could rise to 9.6 feet (NAVD 88) at the north spit tide gage (NHE
2015).
To support addressing sea level rise in the City’s current LCP update pursuant to OPC’s
grant, an assessment of asset (land uses, developments, and coastal resources)
vulnerability and risk to sea level rise was prepared for the City. The broad classes of
assets in the City and its PA that are vulnerable and at-risk from sea level rise by 2100
include land uses (Coastal Dependent Industrial [CDI], Industrial, Commercial, Public,
and Residential), coastal resources (agricultural lands, environmentally sensitive habitat
areas, such as marine and freshwater wetlands and dunes, public access and
recreation opportunities/facilities, and cultural sites), utilities (waste water, drinking
water, storm water, energy, communications, and solid waste), transportation (surface,
marine, air, and rail), and open contaminated sites. The assessment describes the
location and characteristics of these assets, how they might be exposed to sea level
rise impacts, when they may be impacted (present-day, 2030, 2050, and 2100), how
susceptible they are to tidal inundation or salt water intrusion and flooding, and the
consequences to the community if these assets are impaired or lost.
The assessment assigned a priority ranking to each asset for 2050 and 2100 to facilitate
the City and community in developing adaptation strategies and measures for select
high-priorities assets: waste and stormwater systems, and marina. This Sea Level Rise
Adaptation Planning Report describes adaptation goals, strategies, and measures for
the City’s high priority assets. This report also describes adaptation goals, strategies,
and measures for 2 feet of sea level rise to 9.6 feet (NAVD 88) (MMMW by 2050) and
specifically for Eureka-Fay Slough a geographically vulnerable area. This report is
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based on findings described in the City’s Sea Level Rise Assets Vulnerability and Risk
Assessment Report (Laird 2016).

1.3. State Sea Level Rise Adaptation Planning Guidance
The sea level rise adaptation planning process used to produce the City’s Assets
Vulnerability and Risk Assessment and Adaptation Planning Reports was informed by
the three State reference documents mentioned earlier and consultations with Coastal
Commission staff. These reference documents present a multi-step adaptation planning
process to address sea level rise (Figure 1). The City’s 2016 Sea Level Rise Assets
Vulnerability and Risk Assessment Report addressed the first three steps: choose a
range of sea level rise projections relevant to Humboldt Bay, identify potential sea level
rise impacts in the City and its PA, and assess vulnerability and risk to coastal
resources and development in the City and its PA. This Adaptation Planning Report
focuses on Step 4 to identify adaptation goals, strategies and measures.
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Figure 1. Sea level rise adaptation planning process for Local Coastal Programs (CCC 2015).

To the extent possible, preparation of this report has been integrated with efforts made
by other agencies. A Public meeting was held to share the results of the City’s
adaptation planning effort and solicit public input that has been incorporated in the final
Adaptation Planning Report. The City intends to publicly release a single document that
will present its sea level rise assets vulnerability and risk assessment and adaptation
plan. The sea level rise adaptation goals, strategies, measures, and recommendations
described in this report may be incorporated into the City’s LCP update as goals,
policies and regulations, completing Step 5 of the sea level rise adaptation planning
process (Figure 1).
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2.0

ADAPTATION PLANNING

The City’s adaptation planning for sea level rise began by utilizing projected rates of sea
level rise for Humboldt Bay (NHE 2015) that incorporate local vertical land motion
trends (CG 2014), which are caused by tectonic subsidence. Hydrodynamic modeling of
Humboldt Bay generated tidal inundation maps for areas adjacent to Humboldt Bay
(NHE 2015). The vulnerability and risk of assets to sea level rise was assessed for four
time steps (present-day, 2030, 2050, and 2100) (Laird 2016). These activities
completed Steps 1-3 of the Coastal Commission policy guidance (Figure 1). This report
explores adaptation planning concepts that focus on priority assets, planning
horizons/water elevations, and geographic areas (Figure 2). This report further presents
adaptation goals and strategies (Step 4) for each of these approaches and recommend
goals, strategies, and measures that can be incorporated in the City’s’ LCP as goals,
policies and regulations (Step 5).
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Figure 2. Adaptation Approaches: focus on assets, planning horizons/water elevations, or
geographic areas, and, more likely, various combinations thereof.

Coastal planning for sea level rise involves informational and regulatory components.
To date most of the sea level rise planning efforts on Humboldt Bay have been
informational (vulnerability assessments and adaptation planning). Local governments
such as the City are beginning to develop regulatory policies and regulations (LCP
amendments). The City finds that there are several practical issues associated with
developing LCP land use regulations to address sea level rise, including:














Lack of “official” state or federal sea level rise planning or hazard maps for LCP
authorities to base their land use policies and regulations without fear of litigation;
Adopting sea level rise planning areas (SLRPA) for 2100 based on high versus
low sea level rise projections, given the wide range of projections varying 3.3
feet;
Deferring adopting SLRPA maps and siting/development standards to the next
update of their LCP near 2050 because FEMA’s Flood Insurance Rate Map
(FIRM) flood hazard zones and regulations cover the same area as the high
projection (2 feet) for sea level rise by 2050;
Accounting for successful implementation of adaptation strategies that could
protect land uses and developments from projected sea level rise through 2050,
thus negating the need to adopt a SLRPA for 2050;
Revising current zoning ordinances based on high projection for sea level rise by
2100 is overly restrictive of existing land uses and developments that would not
need protection from sea level rise through 2050;
Adopting siting and development standards based on structural longevity and
projected exposure to sea level rise through 2100;
Limitations of a LCP, as a regulatory tool to protect existing (particularly assets
not owned by the City) or vested land uses and developments versus future land
uses and developments;
Limitations of an individual LCP versus a regional or multi-agency LCP to
develop and implement regional adaptation goals and strategies;

This report will attempt to put these issues in context and convey how the City has
elected to respond.
To summarize, three key aspects of this sea level rise adaptation planning report
include the:


City’s emphasis is on adapting to the high projection of 2 feet for sea level rise on
Humboldt Bay by 2050 and a targeted MMMW elevation of 9.6 feet (NAVD 88);
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2.1

City’s focus is on its most vulnerable and at risk geographic areas
o The geographic area that is vulnerable to sea level rise most immediately
is the Eureka-Fay Slough hydrologic unit
o The commercial and industrial waterfronts are critical to the future of the
City; and,
o City’s adaptive capacity to address high priority assets is constrained
because many vulnerable and at risk priority assets are not owned by the
City. Key infrastructure related to energy, bulk fuel, communications, and
transportation are owned by other public and private entities. The most
vulnerable high priority assets under the City’s control are:
 Wastewater system
 Stormwater System
 Marina and existing City-owned shoreline protection structures

Assets

In the City and its PA, there are four classes of assets (utilities, transportation, land
uses, and coastal resources) (Table 1). All four classes contain high priority assets that
are vulnerable and at-risk from sea level rise for 2050 and 2100 (Table 2). While
contaminated sites are not an asset they are vulnerable to sea level rise and their
remediation is a high priority.

Table 1. Summary of asset classes.

ASSET CLASS
UTILITIES
TRANSPORTATION
LAND USES

COASTAL RESOURCES
CONTAMINATED SITES

City of Eureka December 2016

ASSET TYPES
Waste water, Municipal water, Storm
water, Energy, and Communications
Surface, Marine, Air, and Rail
Coastal Dependent Industrial, Industrial,
Commercial, Residential, Public, and
Agricultural
Public Access, Environmental sensitive
habitat areas: Marine and freshwater
wetlands and dunes, Public access,
Recreational sites, and Cultural sites
Open-untreated sites
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Each asset has been prioritized for the 2050 and 2100 planning horizon based on its
exposure to sea level rise impacts, susceptibility (the degree to which an asset is
affected adversely) to expected impacts, and the consequence (result or effect of
impact) of the loss or impairment of the asset to the City, its criticality. Assets have been
given a priority ranking to facilitate the selection of priority assets for development of
adaptation strategies and measures (Table 2).
To assign a priority ranking for an asset, each of the elements (exposure, susceptibility,
and consequence for 2050 and 2100) was assigned a value of 0, 1, or 2. For example,
with exposure, an asset is attributed 0 if there is no exposure, 1 if less than 50% of an
asset is exposed, and 2 if greater than 50% of an asset could be exposed, based on the
results summarized in Tables 2 and 3. These values are summed for both 2050 and
2100, forming a cumulative value total which can then be ranked and prioritized.
Cumulative value totals for an asset of 0 through 2 are be considered a low priority.
Cumulative values of 3 or 4 are considered a medium priority. High priority assets have
a cumulative value of 5 or 6.
The highest priority assets to protect by 2050 are utilities (waste water, municipal water,
storm water) transportation (Highway 101 Murray Field Airport), residential communities
located in the County’s LCP jurisdiction (King Salmon and Fields Landing), commercial
fishing facilities and property, public access and recreation, agricultural lands, and
Environmentally Sensitive Habitat Areas (ESHAs). By 2100, all assets except
recreational boating (pilings would have been extended by 2050), agricultural lands
(existing dikes are projected to be overtopped and diked lands would be drainage
impaired by 2070 with approximately 3 feet of sea level rise), and ESHA (most are
located on diked lands that are projected to be overtopped or flooded due to impaired
drainage by 2070) are all high priority assets.
To best plan for adaptation to sea level rise, it is helpful to establish a specific goal(s)
that is desired or the threshold that an asset or geographic area needs to achieve or
accomplish. Goals have been articulated for the four asset classes, planning horizons or
water elevations for the year 2050 (2 feet) and the year 2100 (5 feet), and for specific
geographic areas (Eureka-Fay Slough and the waterfront).
Strategies include feasible (physically, legally, and financially) methods, action plans, or
approaches to attain an asset’s goal(s). In general, adaptation strategies are proactive
approaches that, for existing development, include: (1) protect, (2) accommodate, (3)
retreat, and for new development (4) avoid. Various combination of these approaches
are also likely. While no action or “business as usual” might be considered an
adaptation strategy, and may be appropriate in some situations, it is not a proactive
approach to adaptation planning. Adaptation measures are individual actions that, if
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implemented successfully, will assist in implementing a strategy and achieve the asset’s
adaptation goal.

HIGH PRIORITY ASSETS

Waste Water-Collection System
Municipal Water-Transmission System
Residential Zoned Property & Communities-PA
US Highway 101
Storm Water System
Commercial Fishing Facilities-Property
Recreational Boating
Murray Field Airport
Agricultural Zoned Lands
Freshwater ESHA
Electric System
Natural Gas System
Optical Fiber Transmission
Jetty-Channels
State Highway 255
Coastal Dependent Industrial Zoned Property-City
Industrial Zoned Property-City
Bulk Cargo Docks-City
Contaminated Sites
Bulk Fuel Terminal
Streets
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Table 2. High priority assets based on their exposure, susceptibility, consequence ranking for
2050 and 2100 in the City and its Planning Area. Values for exposure, susceptibility, and
consequence are summed to generate their ranking for both 2050 and 2100.

1
1
1
1
2
1
2
2
2
2
1
1
1
0
1
1
1
1
1
0
1

2
2
2
2
1
2
2
2
2
2
1
0
1
0
2
2
2
1
2
0
2

2
2
2
2
2
2
2
2
2
2
0
2
1
0
0
1
1
1
1
0
1

5
5
5
5
5
5
6
6
6
6
2
3
3
0
3
4
4
3
4
0
4

2
2
1
2
2
2
1
2
1
0
2
2
2
2
2
2
2
2
2
2
1

2
2
2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
1
1
0
0
1
2
2
2
2
2
2
2
2
1
2

6
6
5
6
6
6
4
5
3
2
5
5
6
6
6
6
6
6
6
5
5

Education should be an integral part of the adaptation planning process and could also
be considered an adaptation strategy that is common to all other strategies and should
be the first strategy to be employed. At a minimum, sea level rise education needs to
convey which areas are currently vulnerable to tidal inundation under existing tidal
conditions, and should ideally include SLRPA predicted to be vulnerable to extreme
flood events and future sea level rise. The properties, infrastructures, and services atrisk in these areas are also important to identify and share with the public, agencies,
and property owners. The goals, strategies, and measures available to address sea
level rise should also be shared with these constituencies.
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The State recommends sea level rise planning horizons of 2050 and 2100 for LCP
update purposes, particularly for new and future assets. When developing adaptation
strategies for developments, it is important to consider the design life or longevity of the
structure when assessing their exposure to sea level rise impacts such as tidal
inundation. The expected or actual life of a structure may span the planning horizons
being used today.

2.1.1

Asset Adaptation Goals

Most municipalities, like Eureka, have general land use goals to maximize development
for the benefit of the community, while maintaining infrastructure and other assets, in
accordance with Municipal Codes, including participation in the National Flood
Insurance Program, and State policy guidance as well as regulatory constraints. Much
of Eureka’s undeveloped and under-developed areas are within the potential zone of
inundation for 2100, adaptation planning has the potential to limit development and is
therefore in tension with the City’s goals (ESA 2016). Several of the Coastal
Commission’s policy guidance principles for adaptation planning have the potential to
limit development and therefore, if adopted by the City, may limit attainment of the City’s
land use goal of maximizing development, at least in SLRPAs.
Many individual utility and transportation assets are linear and traverse multiple
geographic regions of City and its PA. Several goals are being recommended for each
of the asset classes to help guide the development of adaptation strategies and
measures (Table 3). These are further clarified in Addendum 1.
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Table 3. Asset classes and proposed sea level rise adaptation goals.
ASSET CLASS
GOAL(S)

UTILITIES

Maintain reliable and economical delivery of all utilitiy services.

Accommodate and support future growth.

TRANSPORTATION

Retain local, regional, and inter-state transportation capabilities.

Accommodate and support future growth.

LAND USES

Land uses in a SLRHZ can accommodate projected sea level rise
impacts without need for protection.
Development/structures in a SLRHZ can accommodate projected sea
level rise impacts for the estimated design life of
development/structures without need for protection.
Relocation of land uses and developments in current tidal hazard
zones in need of protection from tidal inundation should shoreline
structures fail.
Assure priority for coastal-dependent and coastal-related development.

COASTAL RESOURCES

Protect, prepetuate, and maximize public coastal access and
recreational opportunities.
Protect and prepetuate existing environmental sensitive habitats.

Protect and where feasible restore natural shorelines and beaches.

Retain cultural resources.

Utilities
Utility services are critical to any municipality. A common mission statement and
suitable adaptation planning goal for utility entities is to reliably deliver their service as
economically as possible to their customers. Utilities, even those located in SLRPA s
must be able to provide their services uninterrupted to their customers at all times.
Allowing utilities to remain in SLRPA s cannot compromise these goals of reliability and
economy. As utilities support nearly all land uses and developments, the City’s planned
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future growth, outside of the SLRPA s, will need to be served by these utilities even if
they remain in a SLRPA.
Transportation
The City is built around transportation infrastructure, particularly surface modes of
transportation. Highway 101 is perhaps the most critical transportation infrastructure to
the sustainability of the City and the Humboldt Bay region. While local streets and
Murray Field Airport are high priority assets, they do not rise to the same level of
criticality as does Highway 101. The marine transport capabilities that the Port of
Humboldt and Eureka provide are high priority assets to the Humboldt Bay region.
However, their utilization has been in serious decline for decades. Only three of the five
bulk cargo docks in the City are still functioning. Retaining the capabilities of local,
regional, and inter-state surface transportation is critical to the sustainability of the City
and the Humboldt Bay region. The retention and potential revival of marine transport
capabilities of the Port of Humboldt and Eureka is also desirable goal for the City and
Humboldt Bay region. Air transport capabilities, if they are feasible to retain in the
SLRPA, will help diversify and support the City’s industry and commerce. It may not be
feasible to retain the current rail transport facilities in the City and its PA, beyond 2050
or with more than 2 feet of sea level rise if the North Coast Railroad Authority (NCRA)
does not invest in the reconstruction of their rail infrastructure. However, the capability
of the railroad right-of-way to support non-motorized transport is being actively
developed by the City and Humboldt County Association of Governments and certainly
desirable to support in the City and its PA if it is feasible to retain in this location.
Land Uses
With land use, the State recommends a goal that would be to not have assets (land use,
developments/structures, and resources) in a SLRPA that need to be protected from
sea level rise impacts, during the life a structure/development, such as tidal inundation
or saltwater inflow/intrusion. For those land uses that need to be in SLRPA s, priority
should be given to coastal-dependent and coastal-related developments.
Coastal Resources
Two primary coastal resource goals are to maximize public access and recreational
opportunities to and along the coast (CCC 2015). Another shared goal of the Coastal
Act and the City’s LCP is to provide for maximum protection of coastal resources (public
access, recreation, ESHAs, beaches, natural shorelines, and cultural sites). The
retention of cultural resources, where and when feasible, is also a goal of the City and
tribal governments.
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2.1.2

Asset Adaptation Strategies and Measures

Three general adaptation strategies (protect, accommodate, and retreat) are predicated
on deciding whether an existing asset should remain at its present location.





Protect: Protection strategies employ an engineered structure or other measure
to defend an asset in its current location without changes to the asset itself.
Accommodate: Accommodation strategies employ methods that modify existing
assets to decrease their vulnerability and risk and thus increase their resiliency to
impacts of sea level rise.
Retreat: Retreat strategies relocate or remove an asset out of SLRPA and limit
new development in a SLRPA.

Pragmatically, a hybrid strategy may provide the maximum amount of flexibility for an
existing asset over time (Figure 3).
An alternative adaptation strategy to sea level rise, while not proactive, is to do nothing.
The high projection for sea level rise by 2050 is 2 feet (MMMW elevation of 9.6 feet
NAVD 88), which is less than FEMA’s new base flood elevation (BFE), or 100-year
stillwater event (10.2 feet NAVD 88 at the north spit tide gage) for lands adjacent to
Humboldt Bay. FEMA’s FIRM delineate which areas are in flood hazard zones. FEMA
and the City have siting and development standards that allow structures and
development to occupy flood hazard zones; flood insurance is also generally required in
these zones. If the new federal FIRM are incorporated in the City’s LCP Safety Element
to delineate flood hazard zones (BFE 10.2 feet), there may not be a need for a separate
SLRPA map for the high projection of sea level rise by 2050 (MMMW of 9.6 feet).
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Figure 3. Examples of general adaptation approaches (CCC 2015).

A fourth general strategy, applicable to new assets, seeks to avoid sea level rise
hazards. Protection strategies usually involve hard engineering to defend a structure
from sea level rise impacts. However, there can be negative consequences from
engineered solutions such as shoreline armoring to coastal resources. Accommodation
strategies seek to retain an asset’s location in a SLRPA. Both strategies attempt to
modify or design a structure in-place to increase its resiliency to sea level rise impacts.
For example, rebuilding a highway as an elevated causeway on pilings would be a form
of accommodating sea level rise. Retreat and avoidance strategies would remove an
asset from a SLRPA and from sea level rise impacts.
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Potential adaptation strategies and measures for utilities, transportation, land use, and
coastal resources would help to implement the goals of each asset class are
summarized below. The following potential strategies are a summary of what is
possible and do not necessarily represent the City’s planned approach for each
category. Addendum 1 outlines the potential strategies that the City is currently
evaluating as means to protect priority assets. As is shown in Addendum 1, the City’s
primary strategy is “Protect.”
Utilities
Utilities, are high priority assets that include both City (municipal water, wastewater, and
stormwater) and other agencies and private (natural gas, electricity, bulk fuel, solid
waste, and communications) infrastructure. Most utility systems are composed of linear
assets, many of which are underground, and therefore vulnerable to salt water intrusion.
Utility systems also include buildings, pump stations, towers, and poles. These utilities
traverse multiple land use jurisdictions and properties often in a right-of-way located on
low-lying lands behind protective shoreline structures that are not owned or maintained
by the utility. Regardless of which adaption strategy is considered, a collaborative
stakeholder process to address sea level rise impacts to utilities will need to be led by
the City or by utility owners. The adaptation planning process would need to include
property owners of protective shoreline structures, potentially affected property owners,
public, and local and state agencies.
Protect
Protecting utilities in place is a pragmatic adaptation strategy until funds can be secured
to ultimately relocate utility infrastructure out of the SLRPA. Protection measures may
also become necessary to maintain access to utilities located in low-lying areas,
underground, or behind shoreline structures.
Maintenance or enhancement of the shoreline structure may be appropriate for utilities
located behind shoreline structures that prevent tidal inundation of utility infrastructure
now or in the future. Protection of these shoreline structures with either hard or green
engineering measures may be needed. Eventually, rising groundwater behind the
shoreline structure may necessitate pursuing accommodation and/or retreat strategies
for utility infrastructure. Underground facilities, electrical pumps, or other electrical
infrastructure components will need to be sealed or otherwise made flood proof to salt
water intrusion or tidal inundation.
Accommodate
Accommodating sea level rise is another strategy that allows an asset like utilities to
remain in its present location within a SLRPA. Raising the elevation of utility facilities to
accommodate higher water elevations would be an alternative to holding back tide
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waters. Elevating the surface elevation of the utility right-of-way may also be an
appropriate accommodation in some situations to retain access to utility infrastructure.

Retreat
Utilities could be relocated to a future utility/transportation corridor centered on Highway
101 or elsewhere that is protected by fortified dikes. Relocating utility infrastructure that
is vulnerable and at-risk from sea level rise inland from the SLRPA s may be the most
appropriate response particularly whenever feasible financially.
Decentralizing the wastewater collection and treatment facility may increase the number
of suitable sites available beyond the SLRPA s. Conversely, considering a regional
wastewater treatment facility at the former Pulp Mill site on Samoa peninsula could
utilize the ocean outfall facility as well as eliminate redundancy of maintaining several
wastewater treatment facilities on Humboldt Bay.
Avoid
An avoidance adaptation strategy would prohibit future developments requiring utilities
that should not be sited in SLRPA s. Utilities should not be extended into SLRPA s if
they will need to be protected from sea level rise. Utility infrastructure and facilities
should not be in SLRPA s if at all feasible.
Transportation
In the City, there are both state and local surface transportation facilities that are
vulnerable and at-risk from tidal inundation on Humboldt Bay. Like many utilities,
surface transportation infrastructure is by its nature linear. On Humboldt Bay, these
surface transportation facilities traverse multiple land use jurisdictions and are located
on low-lying lands behind protective shoreline structures (dikes and railroad grades),
that are not owned or maintained by the transportation authority. A collaborative
stakeholder group and process to address sea level rise adaptation strategies and
measures for surface transportation facilities on Humboldt Bay may be appropriate for
the Humboldt County Association of Governments to lead, given the organization
serves as the regional transportation planning agency. The process would need to
include Caltrans, the agency responsible for Highway 101, and potentially property
owners of protective shoreline structures (dikes and railroad), federal, state, and local
agencies.
Humboldt County’s Murray Field Airport facility is in the City. The airport was situated on
diked former tidelands, which today are lower in elevation than adjacent salt marsh on
Humboldt Bay. Adaptation strategies that are suitable for Highway 101, as it traverses
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these same diked former tidelands, will likely be applicable for adaptation of this airport
facility.
Marine transportation facilities in the City and its PA occupy waterfront areas on
Humboldt Bay. In the City, these facilities are in the Waterfront-Bayshore shoreline
areas and on Woodley Island. The Woodley Island facilities are owned and managed by
the HBHRCD. As a state granted lands entity, the HBHRCD will likely be addressing
sea level rise vulnerability of its Port facilities pursuant to a sea level rise adaptation
program administered by the State Lands Commission. The U.S. Army Corps of
Engineers (USACE) are responsible for the maintenance of the harbor jetties, and in
cooperation with the HBHRCD, the entrance and navigation channels. The City and
HBHRCD also cooperate in the maintenance of the City’s marina berth and channels.
Protect
Protecting surface transportation infrastructure in place is a preferred adaptation
strategy when considering Highway 101 and the Murray Field Airport, which represent
large local and state investments that are located behind dike shoreline structures.
These dike structures are critical to preventing tidal inundation of transportation
infrastructure. Between now and 2050, protecting these shoreline structures with either
hard or green engineering measures will likely become necessary to protect these
transportation facilities. Enhancement of these dikes, particularly by increasing their
elevations, may be desirable compared to the impacts of relocating transportation
infrastructure behind the dikes. Eventually, rising groundwater behind the dikes may
necessitate pursuing accommodation and/or retreat strategies for the surface
transportation infrastructure and for Murray Field Airport.
Additional adaptation measures to protect transportation infrastructure include:






Construction of new protective dikes parallel to Highway 101 on Caltrans’
property or right-of-way may become an option if enhancing existing diked
shorelines or railroad grade is not feasible. Highway and street road prisms could
be modified to prevent slumping or erosion. As groundwater rises behind diked
shorelines or when stormwater runoff becomes impounded behind the highway
or streets, pumping may become necessary to protect road prisms from oversaturation.
Fortification of the waterfront shoreline would protect marine facilities and
properties from erosion and tidal inundation if the shoreline elevation is
increased.
Enhancement of the jetty structures may become necessary to protect vulnerable
infrastructure from sea level rise and increased wave energy caused by extreme
storm events. Protecting these structures will also be necessary to maintain the
entrance channel to Humboldt Bay. Protective structures built to mitigate the
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impacts from construction of the jetties will also need protection from sea level
rise including HBHRCD’s jetties and beach dune system at King Salmon and the
sea wall fronting the NCRA railroad between King Salmon and Elk River Spit.

Accommodate
Accommodating sea level rise is a strategy that not only allows an asset like
transportation infrastructure to remain in its present location but is likely much less
expensive that relocating, given the huge investments of public funds in infrastructure.
As Highway 101 and streets are scheduled for resurfacing, there may be opportunities
to incrementally raise their elevation. Reconstruction of Highway 101, streets, and roads
would provide an opportunity to import fill and raise the elevation of the road base and
surface.
Additional adaptation measures to accommodate transportation infrastructure include:








Increasing the capacity and number of water control structures draining the diked
lands could enable these areas to accommodate increasing sea level rise as it
affects the efficiency of these water control structures. Increasing drainage from
these lands could help protect surface transportation infrastructure that traverses
these lands like Highway 101.
Replacing low-lying sections of Highway 101 and critical local streets and roads
with an elevated viaduct on pilings may be a preferred long-term solution to
accommodate sea level rise.
Increasing the surface elevation of marine facility property would protect it from
tidal inundation. Increasing the elevation of access streets servicing these
properties will likely be necessary to accommodate higher sea levels and tidal
inundation.
Replacing or increasing the height of pilings that anchor floating docking would
help keep these marine facilities in place as sea level rises.

Retreat
Adaptation measures to support the retreat of transportation infrastructure include:



Relocating or abandoning surface streets that serve specific properties and
developments would only be feasible if those developments are also relocated.
Relocating Highway 101 would be a significant undertaking in time, money, and
environmental impacts. Alternative routes for Highway 101 in the City or its PA
are located to the east of the Bay and would also have to traverse low-lying diked
former tidelands in Salmon Creek, Elk River, Freshwater Creek, and BaysideJacoby Creek. Relocating Highway 101, as opposed to accommodating sea level
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rise, is likely not a feasible adaptation measure before 2100 with less than 6 feet
of sea level rise predicted.
Relocating the County’s Murray Field Airport facilities and/or services to another
existing local airport other than the City’s Samoa Airport is feasible and could
possibly be phased over time.
Relocating Coast Dependent Industrial (CDI) bulk cargo docks to new locations
in the City, rather than increasing the elevation of the docks and supporting
property, is likely not feasible. There are a sufficient number (based on current
use trends) of bulk cargo docks on Humboldt Bay in the PA on Samoa peninsula
that could still be operational by 2100, at least based on being above the high
projection for sea level rise. In the City, the Chevron bulk fuel facility versus its
bulk fuel dock, does not need to be located on the shoreline of Humboldt Bay. It
could be relocated inland with a pipeline(s) extending inland from its dock.
Relocating the commercial fishing facilities and marina in the Waterfront
Shoreline area. Commercial fishing facilities could be relocated inland as the
shoreline moves, to Woodley Island, and to CDI property in the PA on Samoa
peninsula. These areas are above the high sea level rise projections for 2100 for
MMMW and 100-year event water elevations (Laird 2016).

Avoid
Additional adaptation measures to help avoid impacts transportation infrastructure
include:





Avoiding impacts Highway 101 would only be possible if it were to be relocated.
Disallowing new development in SLRPA s would negate the need to locate new
streets in these areas.
New airport facilities are not currently planned; nor should they be in SLRPA s in
the future.
While new marine facilities have no choice but to be sited in SLRPA s, they could
be built on areas that have been raised with imported fill.

Land Uses
The Waterfront-Bayshore Shoreline areas of the SLRPA include CDI, Industrial and
Commercial, Public, and Natural Resource zoned property. There are many acres that
are undeveloped or under-developed CDI property in the City’s SLRPA. There is no
residential zoned property in the City’s SLRPA through 2100; however, there is
residential zoned property in its PA within the SLRPA for 2050. These urban areas are
in low-lying areas adjacent to Humboldt Bay. The combination of the high projection for
sea level rise by 2100 and a 100-year event could potentially expose a limited
residential area in the City along Third Slough off Bay Street. There may also be
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contaminated sites in these low-lying areas. Inundation of contaminated areas prior to
remediation could impact water quality in Humboldt Bay (Laird 2016). Agricultural zoned
property dominates the Eureka and Elk River Slough areas, except for the public zoned
Murray Field Airport and the municipal golf course. Note, agricultural zoned property
located in SLRPA s is included under Land Uses rather than under the Coastal
Resource section.
Sea level rise potentially could tidally inundate most of the urban waterfront areas and
existing development between 2050 and 2100. However, urban waterfront land uses
and development in the 2100 SLRPA may be affected before 2050 if underground
utilities that support existing development become impaired by sea level rise. The ability
of a wastewater treatment facility to maintain existing capacity or accommodate future
growth may be impaired by tidal inundation and infiltration/inflow of underground sewer
lines, reducing the facility’s capacity. This type of impact serves to illustrate the
vulnerability of urban areas—tidal inundation of surface land uses may be preceded by
tidal inundation impacts to critical underground utilities.
If adaptation strategies and measures are not implemented, sea level rise is likely to
tidally inundate diked agricultural lands in the City and its PA by 2050. Adaptation
strategies and measures can help make diked agricultural lands more resilient to sea
level rise, possibly through to 2070. After approximately 2070, based on the high
projection for sea level rise, these lands may no longer drain sufficiently due to rising
groundwater during low tides or tidal inundation and will be unable support pasture
grasses and grazing.
A future collaborative stakeholder group and process to address sea level rise impacts
to land uses would likely be led by the City the LCP authority and include private utility
owners, potentially affected property owners, public, and local and state agencies. In
Eureka and Elk River Sloughs, the two LCP authorities (City and County) could consider
a collaboration to integrate their respective LCP sea level rise adaptation strategies and
measures to uniformly address future impacts within discrete hydrologic units.
Protect
Diked tidelands on Humboldt Bay provide a rather unique situation when planning for
sea level rise, particularly in the near term such as 2050. Tidal inundation maps and
FEMA’s FIRM assume that there are no shoreline structures present, and the
inundation areas delineated are a result of what is characterized as a bathtub model. If
pursuant to a protection strategy, shoreline structures are increased in elevation to
prevent overtopping by sea level rise projections for 2050, SLRPA s would not need to
be applied to these areas through 2050 (or the effective life the shoreline structure).
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The City may protect existing land uses that are currently located in SLRPA through
2050 with its current LCP update. Land uses in the City would be protected by
strategies and measures also implemented to protect utilities, diked or fortified
shorelines, or transportation infrastructure, as discussed above.
Land uses specifically on Eureka and Elk River Sloughs could be protected with green
and hard engineering measures, including constructing salt marsh plains (living
shorelines) to protect dikes, and/or constructing a tidal dam at the mouth of these
sloughs at existing bridges to mute the tide cycle and potentially protect all the diked
lands (urban and rural) on these sloughs.
Accommodate
Accommodating sea level rise is a strategy that allows an asset like buildings to remain
in their present location within a SLRPA rather than retreating. However, the City should
adopt siting and development standards based on site specific topographic and
hydrologic studies that would determine the minimum surface elevation for lots and
livable structures that are in SLRPA s. Future CDI and Coastal related developments
should not need protection from sea level rise they should be designed to accommodate
high projections for sea level rise through 2100.
Utilizing pile foundations would help raise buildings above projected sea levels. Raising
the surface elevation of individual low-lying lots and surface streets in adaptation a
SLRPA for specific geographic areas such as Jacobs Avenue on Eureka Slough could
help accommodate higher water elevations. Importing fill to increase the surface
elevation of individually owned diked former tidelands or for all undeveloped tidelands in
a hydrologic sub-unit that have compacted over the last century as organic material
oxidized from the former salt marsh soils may reduce impacts from rising groundwater
in response to sea level rise. Increasing the capacity and number of water control
structures or installing pumps to drain diked and urban lands could enable these areas
to accommodate increasing sea level rise as it affects water control structure efficiency.
Retreat
Retreating from a SLRPA is an adaptation strategy that will provide long-term certainty.
Relocating urban land uses and developments, other than CDI and coastal-related
development, that are vulnerable and at-risk from sea level rise inland may be the most
appropriate response whenever feasible. Retreat of urban land uses and developments
would also facilitate habitat restoration which can serve as “natural or green
infrastructure” to increase protection of assets farther inland.
Relocating agricultural uses inland is not a feasible adaptation measure as most if not
all suitable land that could support agricultural uses are already in use for agricultural
purposes or have been developed for other uses. Existing agricultural lands on diked
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former tidelands will slowly convert to freshwater or brackish or salt marsh wetlands
(ESHA) as drainage is reduced with rising tides and groundwater.

Avoid
Avoidance as an adaptation strategy would prohibit future land uses and development,
with the exception perhaps of CDI and coastal related development, sited in SLRPA s if
they will need to be protected from sea level rise during the life of any structures. The
Commission’s policy guidance recommends that shoreline protection should not be
allowed to site new development in undeveloped areas.
Coastal Resources
In the City and its PA, public access to Humboldt Bay and ESHAs is limited mostly to
public lands and facilities, except for King Salmon. There are several boat launching
facilities including the Eureka Marina in the Waterfront Shoreline area and three in the
PA. There are also several floating docks in the Waterfront Shoreline area and on
Woodley Island open to the public, and the Del Norte Street pier. The City’s Waterfront
Trail now reaches from Elk River Slough and soon up to Del Norte Street pier and will
extend beyond to the Boardwalk and eventually to Eureka Slough east of Highway 101.
The Hikshari Trail, and its possible extension south to King Salmon, provides public
access to Elk River Slough and Elk River Spit with its dune ecosystem, salt marsh,
beach, and unique artesian freshwater pond, wetlands, and riparian ecosystem. DFW
provides public access and recreation to its Fay Slough and Elk River Wildlife Refuges
where Aleutian geese graze in the winter and spring. In the PA, public access to
Humboldt Bay and recreation is provided by the HBHRCD and PG&E at King Salmon,
and by Humboldt County on the Samoa peninsula.
Coastal terrestrial resources on Humboldt Bay that are most at-risk from tidal inundation
or flooding are the diked former tidelands (Eureka and Elk River Slough areas) that
support agricultural uses, seasonal freshwater wetlands and riparian areas (ESHA), and
wildlife habitats and populations. Based on current shoreline conditions, extreme high
tides and storm surges or El Niño events can result in 2 feet of sea level rise that can
overtop low elevation dikes. During these events, wind waves can erode unfortified
dikes, causing them to breach. The resulting flooding of former tidelands, presently
agricultural lands, with salt water will convert existing terrestrial freshwater resources.
Elk River Spit, with its terrestrial and aquatic ecosystems, are also vulnerable and atrisk from sea level rise impact such as shoreline erosion and tidal inundation.
These diked former tidelands are both privately and publicly owned, with much of the
public lands located in Eureka Slough (DFW’s Fay Slough Wildlife Refuge) and Elk
River (City of Eureka’s Elk River Estuary Enhancement Project and DFW’s Elk River
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Wildlife Refuge). These wildlife refuges are managed for wildlife, open space, and
recreation. The collaborative stakeholder group and process to address sea level rise
impacts to diked former tideland agricultural areas would likely include dike owners,
potentially affected public and private property owners, the public, Humboldt County
Resource Conservation District, LCP authorities, Coastal Commission, and National
Resources Conservation Service.
Sea level rise will also impact coastal aquatic and terrestrial resources on Humboldt
Bay. Aquatic resources include eel grass, salt marsh, estuaries, brackish water
wetlands, and low gradient fish habitats. Riparian areas are both aquatic and terrestrial
in nature. To adapt to increasing water depths or expanding tidal influences, these
habitats will need to migrate if they are to survive.
Protect
Protecting public access will be a limited adaptation strategy, one that when combined
with accommodation and ultimately retreat can maintain access to Humboldt Bay. Hard
and/or green engineered shoreline protection may be used to prevent erosion of the
shoreline along waterfront trails and dikes.
Any measures implemented to protect diked lands or the Bay Trail would also be
protecting ESHAs behind this infrastructure. Dikes could be raised in elevation to
reduce overtopping by extreme tides, stormwater, or sea level rise.
Accommodate
Accommodation may become an on-going adaptation strategy for public access
facilities through 2050 on the shoreline of Humboldt Bay. Replacing or increasing the
height of pilings that anchor floating docking would help keep these recreational
facilities in place as sea level rises.
Additional adaptation measures to accommodate coastal resources include:






Raising the surface elevation of low-lying surface streets in the SLRPA could
help accommodate higher water elevations and maintain public access to
Humboldt Bay.
As the Bay Trail is scheduled for resurfacing, there may be an opportunity to
incrementally raise its elevation.
Increasing the capacity and number of water control structures draining diked
lands could enable these areas to accommodate increasing sea level rise.
Maintaining undeveloped areas as open space to allow natural areas such as
coastal wetlands to migrate inland with sea level rise.
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Relocating dikes inland, even 50 to 100 feet, could allow for restoration of salt
marsh habitat and provide a wave attenuating buffer to protect dikes from erosion
and breaching.
Building new dikes farther up Eureka Slough on Freshwater Creek and on Elk
River could prevent tidal inundation because of sea level rise of agricultural lands
and ESHAs current not affected by saltwater.

Retreat
Retreat is the one adaptation strategy that can maintain public access. Public access to
Humboldt Bay can be relocated inland as the shoreline retreats in response to sea level
rise. However, most ESHA in the City will not be able to retreat with rising sea level as
they are backed by shoreline structures such as dikes, railroad grade, and streets;
unless these structures are moved landward and allow the ESHAs to migrate inland.
Avoid
Siting public access to Humboldt Bay and coastal recreation, by its very nature, will not
be able to avoid SLRPA s.

2.1.3

Adaptive Capacity

Like most municipalities, the City only owns and controls some high priority assets:
waste water treatment facility, sewer lines and lift stations, municipal water lines and
pump stations, storm water infrastructure, surface streets, trails, some waterfront and
adjacent properties with commercial fishing facilities, recreational docks and marina,
and coastal resources (public access, recreation, and ESHA) that are vulnerable and atrisk from sea level rise. Many other high priority assets that are vulnerable and at-risk
from sea level rise are owned by other agencies or private parties, such as Highway
101 and the dikes that protect the commercial property in the Eureka-Fay Slough area.
The Humboldt County Flood Control District could provide an institutional umbrella to
facilitate adaptation planning for sea level rise across a land scape of multi-agencies
and property owners. The District could serve as a vehicle to secure funds for planning,
engineering, and permitting adaptation efforts in areas that are vulnerable to sea level
rise and flooding. For high priority assets that the City does not own but are within its
LCP jurisdiction and critical to the City, it may be advantageous for the City and/or
District to form partnerships with asset owners (land use/development, coastal
resources, utilities and transportation) and collaborate with owners of shoreline
structures that protect (dikes and railroad grade) these assets, and others who benefit
from these high priority assets to develop and implement adaptation measures.
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2.2

Planning Horizons (Target Sea Levels)

An alternative approach to, or in combination with developing adaptation strategies for
high priority assets or geographic areas, exposure can be assessed based on a specific
planning horizon or date. The City of Eureka is generally leaning away from this
approach because there is a significant range in sea level rise projections for 2050 (8.4
to 22.9 inches) and 2100 (24.1 to 63.2 inches). Accordingly, there will be uncertainty
regarding the use of any projections for sea level rise 84 years into the future. This is
especially true since these time horizons are well beyond the 2040 term of the City’s
proposed Local Coastal Program amendments. While this section of the report
presents a method of thinking about sea level rise from a “horizon” perspective, the City
is more focused on the “geographic areas” and “critical assets” approach.
The years 2050 and 2100 are two planning horizons most often recommended in
California. However, with this approach, there is increasing uncertainty over time in
predicting the exposure level from sea level rise by a specific date in any location
(Figure 4). There is a 1.2-foot range in projections for 2050 and up to a 3.3-foot range
by 2100 on Humboldt Bay (NHE 2014).
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Figure 4. Relative sea level rise projections for four planning horizons (2030, 2050, 2070,
and 2100), including low and high greenhouse gas emission scenarios (NHE 2014).

It may be more appropriate to target a specific benchmark for sea level rise, such as 2
feet and a specific elevation of 9.74 feet NAVD 88 for MMMW as measured at the north
spit tide gage, regardless of whether it might be realized by 2050 as the high projection,
or 2100 as the low projection. Either method would be useful for adaptation planning
based on assets or geographic areas in the City’s LCP jurisdiction. Currently, the state
recommends utilizing the 2050 and 2100 planning horizons. Regionally on Humboldt
Bay, MMMW has been selected as the datum for use in sea level rise adaptation
planning.
Compounding adaptation planning based on a near-term planning horizon such as 2050
is the need to account for an asset’s expected design life, or likely longevity and the
projected sea level rise exposure it is may face. The design life/longevity of most
existing utility and transportation infrastructure is greater than 50 years and would
transcend the 2050 planning horizon. In fact, many existing facilities could exceed the
2100 planning horizon.
It is important to note that there is lengthy lead time for modifying or building utility and
transportation infrastructure, often measured in decades. It is imperative that adaptation
strategies, for utility and transportation facilities, and the measures to implement them,
are initiated early to accommodate project funding, planning, engineering, permitting
and construction. It is not too early to begin the adaptation planning process now for
assets in SLRPA, preparing for increases in sea level rise greater than the proposed 2
feet benchmark.
By 2050, projections for relative sea level rise through 2100 will likely be updated.
Shoreline conditions may have changed, and adaptation measures implemented could
affect asset vulnerability and risk from sea level rise. Regularly revising the City’s sea
level rise asset vulnerability and risk assessment would be a sensible approach to
keeping pace with changed conditions. It is important to identify and disseminate
information today about potential SLRPA s for more than 2 feet, along with the
corresponding assets that would be vulnerable and at-risk from these projected sea
levels. It may be prudent for the City to plan on developing sea level rise adaptation
goals, strategies and measures during its 2040 General Plan/LCP update for SLRPA
beyond 2050.
Hazard Maps
The only “official” hazard flood elevations and maps that cover the lands surrounding
Humboldt Bay are FEMA’s FIRM. These FIRM depict special flood hazard areas

City of Eureka December 2016

31

(SFHA), inundated by the 1% annual chance flood (Seemann 2016). New FIRM maps
for Humboldt Bay were approved in November 2016. SFHA are composed of two
zones, one where the ground elevation is lower than the base flood elevation (BFE)
(100-year event stillwater) Zone AE (inundated by 1% annual chance flood, lower than
BFE 10.2), and Zone VE (inundated by 1% annual chance flood, with additional waveinduced hazards) a combination of a BFE and waves. The new AE Zone BFE on
Humboldt Bay is 10.2 feet NAVD 88. There are several VE zones in the City on
Humboldt Bay that range in elevation from 13 to 18 feet NAVD 88. The City utilizes the
FIRM to depict flood hazard areas in its General Plan and LCP.
However, there are no “official” state or federal sea level rise tidal inundation maps that
the City may rely on to identify SLRPA. The City is undertaking an update to its LCP,
which is a regulatory document. Incorporating SLRPA in its LCP will lead to creating a
new “Coastal Zone” as the SLRPA that will impose new development restrictions. The
City is concerned that property owners may attempt to hold the City responsible for
using tidal inundation maps to depict SLRPA to encumber existing and future
developments.
The development of state and/or federally-directed sea level rise tidal inundations maps
for Humboldt Bay would help the City and other municipalities better plan for sea level
rise. In lieu of official sea level rise tidal inundation maps, SLRPA based on low to high
projections could be identified in the City by utilizing inundation maps that were
produced from hydrodynamic modeling prepared for the Humboldt Bay Sea Level Rise
Adaptation Planning Project (NHE 2015) (Table 4).

Table 4. Existing tidal inundation mapping projections that can be used to depict sea level rise
planning areas for 2050 and 2100 projected sea level rise (NHE 2014, NHE 2015).

Projected Water Elevation

Projected Elevation
in feet

Existing Mapping Resource

2050 Low Projected
Water Elevation

0.74 (8.48 feet NAVD 88)

2012 MAMW*
(8.78 feet NAVD 88)

2050 High Projected
Water Elevation

1.9 (9.64 feet NAVD 88)

2000 plus 0.5 meters
(9.38 feet NAVD 88)

2100 Low Projected
Water Elevation

2.09 (9.83 feet NAVD 88)

2000 plus 0.5 meters
(9.38 feet NAVD 88)

2100 High Projected
Water Elevation

5.36 (13.1 feet NAVD 88)

2000 plus 1.5 meters
(12.66 feet NAVD 88)
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*Mean Annual Maximum Water
Both FEMA’s FIRM and NHE’s tidal inundation maps assume that non-certified
shoreline structures (levees or dikes) do not protect the lands behind the shoreline from
flooding or tidal inundation. The City could use FEMA’s new official 2016 FIRM of
Humboldt Bay (AE Zone BFE of 10.2 feet NAVD 88) as a surrogate SLRPA map for
2050 based on the high projection of 1.9 feet (MMMW of 9.6 feet NAVD 88), and as a
surrogate SLRPA map for 2100 based on the low projection of 2.1 feet (9.8 feet NAVD
88). The City can also rely on the 0.5-meter (1.6 feet) tidal inundation maps prepared for
Humboldt Bay by NHE to depict the high sea level rise projection for 2050 of 1.9 feet
and low projection for 2100 of 2.1 feet, and the 1.5-meter (4.9 feet) map for the high
projection of 5.4 feet by 2100. However, in the diked former tide lands areas of Eureka
and Fay Slough, maps for 2050 and 2100 depict virtually the same area being tidally
inundated (Figure 5); only the depth of inundation would vary by different sea level rise
projections.

Figure 5. Eureka-Fay Slough potential sea level rise planning area for the high projection of 1.9
feet for 2050 (MMMW elevation of 9.64 feet NAVD 88). Based on 2000 plus 0.5 meter map
layer (NHE 2015).
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On Humboldt Bay, shoreline structures such as dikes are presently protecting
thousands of acres from tidal inundation, independent of sea level rise. In the City and
its PA, adaptation strategies and measures that can make shoreline structures more
resilient to sea level rise could protect most of these lands and developments that are
currently vulnerable and at risk from 2 feet or more of sea level rise. Successfully
implementing a shoreline protection strategy in diked areas like Eureka and Elk River
Sloughs could maintain the current tidal inundation area even with 2 feet of sea level
rise or 2050 based on the high projection (Figure 6).

Figure 6. Current tidal inundation area and potential sea level rise planning area for the high
projection of 1.9 feet by 2050 (MMMW elevation of 9.6 feet NAVD 88) if shoreline structures are
enhanced in the Eureka-Fay Slough diked former tideland area, which is mostly in the City limits
(black line).

The SLRPA maps that depict the high projection for 2100 will prove valuable as an
educational tool to convey the magnitude of potential future vulnerability from sea level
rise as they depict that landscape scale changes are possible, such as the tidal
inundation of thousands of acres of diked former tidelands. It may be difficult for LCP
authorities accustomed to 20-year planning cycles to contemplate now imposing land
use restrictions based on projected conditions 84 years into the future, particularly
relying on such a wide range of sea level estimates for 2100. Minimizing exposure of
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people and development to sea level rise, is a suitable goal for any planning horizon.
However, adopting SLRPA maps, which is a regulatory function of updating a LCP, for
2100 given the wide range of sea level rise projections, could be considered speculative
(Figure 7). The significant difference in SLRPA based on low versus high projections for
2100 may confound property owners from accepting justifications on why land uses and
development should be encumbered with restrictions now based on just the high
projection. Discounting the opportunity to adopt protective adaptation strategies or the
effects of successfully implementing adaptation measures will also undermine
confidence in the need for land use and development restrictions based on projections
for 2100.

Figure 7. Potential sea level rise planning areas based on low projection of 2.1 feet (left,
modified to eliminate isolated polygons not connected to shoreline) and high projection of 5.4
foot (right based on 2000 plus 1.5 meter map layer, NHE 2015) for 2100 along the City’s
waterfront.

2050-2.0 Feet of Sea Level Rise
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In the City and its PA, there are several low-lying SLRPA s for 2050, based on the high
sea level rise projection of 1.9 feet elevation, 9.6 feet (NAVD 88) for MMMW (Figures 811).

Figure 8. Potential sea level rise planning area from tidal inundation by MMMW elevation of 9.6
feet (NAVD 88) projected for 2050 of the Eureka-Fay Slough diked former tideland area and the
City’s boundary. At-risk assets include underground utilities, Jacobs Avenue commercial
developments, Humboldt County’s Murray Field airport, U.S. Highway 101, Harper Motors
commercial property, California Redwood Company commercial property, a State wildlife
refuge, Indianola commercial property, ESHA, coastal access, and agricultural zoned areas.
Based on 2000 plus 0.5 meter map layer (NHE 2015).
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Figure 9. Potential sea level rise planning area from tidal inundation by MMMW elevation of 9.6
feet (NAVD 88) projected for 2050 for the City’s waterfront area (isolated inundation polygons
without pathways for inundation resulting from the bathtub modeling effect have been removed).
At-risk assets include underground utilities, commercial fishing property/facilities, coastal
access-public marina, public facilities, industrial property and commercial zoned areas south of
Waterfront Drive. Based on 2000 plus 0.5 meter map layer (NHE 2015).
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Figure 10. Potential sea level rise planning area from tidal inundation by MMMW elevation of 9.6
feet (NAVD 88) projected for 2050 for the waterfront area (isolated inundation polygons without
pathways for inundation resulting from the bathtub modeling effect have been removed). At-risk
assets include underground utilities, public recreational facilities, CDI property, ESHAs and the
Humboldt Waste Management Authority’s solid waste facilities west of Broadway Avenue.
Based on 2000 plus 0.5 meter map layer (NHE 2015).
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Figure 11. Potential sea level rise planning area from tidal inundation by MMMW elevation of 9.6
feet (NAVD 88) projected for 2050 for the waterfront, Elk River, Swain and Martin Slough diked
areas with City’s boundary (isolated inundation polygons without pathways for inundation
resulting from the bathtub modeling effect have been removed). At-risk assets include CDI,
commercial, public, and agricultural zoned areas, Highway 101, ESHAs (Elk River Spit and
Slough), Hikshari Coastal Access Trail, and Elk River Regional Wastewater Treatment Facility,
U.S. Highway 101 and local streets and roads. Based on 2000 plus 0.5 meter map layer (NHE
2015).
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2100-5.4 Feet of Sea Level Rise
There is also a 2100 SLRPA located in the City, based on a high projection (5.4 feet)
elevation of 13.1 feet (NAVD 88) for MMMW (Figure 12). Due to the confining
topography, inland of the low-lying diked lands of Eureka Slough and Elk River Slough,
the 2050 and 2100 SLRPA s occupy near-identical footprints (Figures 8 and 11).
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Figure 12. Potential sea level rise planning area from tidal inundation by MMMW elevation of
13.1 feet (NAVD 88) a high projection of 5.4 feet for 2100 along the City’s waterfront from the
wastewater treatment facility north to U.S. Highway 101 at the Eureka Slough Bridge. Based on
2000 plus 1.5 meter map layer, NHE 2015.

2.2.1

Planning Horizon Adaptation Goals

Protecting people, development, and the environment from coastal hazards is a
principle goal of the City, for any planning horizon or sea level rise elevation. Adaptation
planning time horizons based on sea level rise projections could be linked to the City’s
current and future LCP updates. Between now and 2040 (the current LCP update’s time
frame), development could be designed for conditions expected to occur by 2050 (0.7 to
1.9 feet of sea level rise). While the next LCP update in 2040 could consider conditions
expected to occur between 2050 and 2100 (2.1 to 5.4 feet of sea level rise) (ESA 2016).
2050
In general, an adaptation goal for the 2050 planning horizon or for approximately 2 feet
of sea level rise (MMMW of 9.6 feet NAVD 88) would be to plan for and mitigate
vulnerability and risk from sea level rise to current and future land uses and
developments. The goals described in section 2.1.1 for high priority assets: utility,
transportation, and coastal resource assets are also applicable to support adaptation
planning in the City based on the 2050 planning horizon, or for when 2+ feet of sea level
rise may occur. These goals include:





Maintain reliable and economical delivery of all utility services;
Retain local, regional, and inter-state transportation capabilities;
Accommodate and support future growth; and
Protect public access, recreational opportunities, environmentally sensitive
habitats, natural shorelines and beaches, and cultural resources.

However, the land use asset goals based on the state’s recommendations described in
section 2.1.1 may not be consistent with the City’s overall general plan goal to
accommodate and support future growth if applied to the 2050 planning horizon, or for
locations where 2+ feet of sea level rise may occur. Shoreline structures currently
protect land uses and development that are vulnerable to 2 feet of sea level rise.
Adopting a protection strategy to enhance these shoreline structures could enable these
structures to continue to protect land uses and developments from 2+ feet of sea level
rise. A more appropriate land use goal for these vulnerable areas would be to protect
land uses and development from sea level rise of 2+ feet, where feasible. In the City
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and its PA, protective adaptation strategies and measures can sustain existing land
uses through 2050 or 2+ feet of sea level rise.
2100
A suitable means to address land use goals for 2050 to 2100 could be to reassess sea
level rise projections in the next LCP update of 2040, and then consider appropriate
land use goals if projections confirm that 3+ feet of sea level rise is likely between 2050
and 2100. Independent of the level of sea level rise projection for 2050 to 2100, the goal
of protecting land uses and development from sea level rise, where feasible, will be
preferred by the City. If that goal is no longer appropriate in 2040, then a goal that
relocates existing land uses and developments would have to be considered. A goal
that would disallow land uses or developments in the SLRPA projected for 2100 that will
need to be protected from sea level rise would also be needed.

2.2.2

Planning Horizon Adaptation Strategies and Measures

To summarize, the City’s overarching goal for 2050 is to protect land uses and
developments from tidal inundation now and from sea level rise of up to 2 feet. The City
would defer adopting goals for sea level rise greater than 2 feet (i.e. 2100) to its 2040
LCP update.
The adaptation strategies most applicable through 2050 or for 2 feet of sea level rise
would first be protection and later accommodation. Both enable land uses and
development to remain where they are presently located. These strategies are
particularly appropriate for existing assets: land uses and developments, utilities and
transportation infrastructure, and coastal resources. Adaptation strategies post 2050 or
for more than 2 feet of sea level rise would likely transition from protection and
accommodation to retreat for existing assets and avoidance for new assets.
Protection Strategies
Protection strategies include:





Addressing shoreline vulnerability and risk for entire discrete hydrologic units
(Figure 13).
Making vulnerable shoreline reaches that have been rated high (Figure 14) more
resilient to sea level rise to protect land uses and developments within a
hydrologic unit from tidal inundation.
Enhancing the resiliency or vulnerability rating of all shoreline reaches to protect
land uses and developments from 2 to 3 feet of sea level rise.
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Creating muted tide cycles on Eureka and/or Elk River Sloughs to reduce
vulnerability and risk from tidal inundation.

Figure 13. Eureka-Fay Slough hydrologic area (white boundary) has 3.1 miles of diked
shoreline that need to be elevated, and potential tidal inundation area (blue shading).
Based on 2000 plus 0.5 meter map layer (NHE 2015).
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Figure 14. Shoreline vulnerability assessment rating of Eureka-Fay Slough hydrologic unit: high
(red), moderate (yellow), and low (green) (Laird 2013). Most the vulnerable shorelines on
Eureka-Fay slough that are rated high are on public lands.

Protection Measures
Protection measures include:








Increasing the height of shoreline structures for the entire length of a hydrologic
unit to approximately 11 feet (NAVD 88) or more to protect lands behind
shoreline structures that are lower than FEMA’s BFE of 10.2 feet with 1 foot of
free board and from up to 3.2 feet of sea level rise, the high projection for 2070.
Relocating shoreline structures landward to create a living shoreline of salt marsh
to afford protection from wave induced erosion and overtopping.
Adopting a SLRPA for 2 feet of predicted sea level rise (MMMW of 9.6 feet
NAVD 88), referenced to FEMA’s FIRM AE flood zone and BFE of 10.2 feet.
Utilizing FEMA siting and building standards to mitigate vulnerability and risk to
land uses and developments from approximately 2.5 feet of sea level rise (10.2
feet NAVD 88) in AE zones.
Utilizing Humboldt County Flood Control District to secure funds to design,
permit, elevate and maintain shoreline structures or a certified levee system.
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Creating a federally certified coastal levee system (minimum of ~11 feet (10.2
foot BFE plus 1.0 freeboard) (NAVD 88) on vulnerable hydrologic units with high
priority assets, such as Eureka-Fay Slough could offer protection for people and
property through 2070 based on a high sea level rise projection of 3.2 feet.

Accommodation Strategies
Increasing the elevation of shoreline structures, such as dikes, can protect land uses
and development behind these structures from sea level rise of 2 to 3 feet. As sea
levels rise, so to do mean low tide elevations. Tide gates associated with shoreline
dikes, levees, and stormwater outlets will experience reduced capacity to drain
stormwater runoff. Impounding stormwater runoff or elevated groundwater behind
protective shoreline structures like dikes or tide gates may result in flooding of land uses
and developments. Rising sea levels will impede stormwater runoff likely causing
backwater flooding upstream of outlet structures on the shoreline of Humboldt Bay.
Additional accommodation strategies include:



Enhancing drainage capacity of lands vulnerable and at risk from tidal inundation
due to sea level rise to reduce their flooding.
Increasing the elevation of lands vulnerable and at risk from tidal inundation due
to sea level rise to reduce their flooding.

Accommodation Measures
Accommodation measures include:







Increasing drainage capacity of dikes and levees and stormwater outlets to
accommodate 2 to 3 feet of sea level rise (2050 to 2070 based on high
projections) by upgrading existing and installing more water control structures to
increase the volume and extend duration of drainage.
Installing pumps to accelerate drainage of stormwater behind shoreline
structures.
Creating stormwater runoff detention basins to attenuate backwater flooding
upstream of stormwater outlets.
Import fill to increase the elevation of land vulnerable and at risk from tidal
inundation and flooding.
Constructing a tidal dam at the entrance to Eureka and/or Elk River Sloughs to
mute tide cycles and reduce vulnerability and risk from tidal inundation.
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2.3

Geographic Areas

A third, and the City’s preferred adaptation planning approach, focuses on uniform
geographic areas, or landscapes that are similarly vulnerable and at-risk under present
conditions as well as from future sea level rise, such as diked former tide lands and the
urban waterfront that is vulnerable and at-risk from seal level rise. In the City and
adjacent PA, there are three separate geographic areas with similar topography,
hydrology, and development that are conducive to developing adaptation goals and
strategies to address common aspects of their vulnerability and risk from sea level rise:
Eureka Slough, the waterfront, and Elk River Slough (Figure 15). Section III of the
Addendum outlines additional potential adaptation strategies in sub-areas of these three
geographic areas.

Figure 15. City of Eureka and Planning Area geographic units, Eureka and Elk River Sloughs
(red boundary), and Waterfront (yellow boundary), depicting the SLRPA for 2050 and 2100.
Based on 2000 plus 0.5 and 1.5 meter map layers (NHE 2015).
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Both Eureka Slough and Elk River Slough hydrologic areas are vulnerable and at risk
now if dikes are breached or from 2 feet of sea level rise that would overtop a significant
length of the dikes (2050). Most of the waterfront area is vulnerable and at risk from 3 to
5 feet sea level rise that is projected to occur between 2050 and 2100.
While outside the City’s LCP jurisdiction but within its PA, there are also several
geographically discrete communities that are vulnerable and at-risk from sea level rise:
King Salmon (by 1 foot of sea level rise based on the high projection for 2030), Fields
Landing (by 1 to 2 feet of sea level rise based on the high projections between 2030 to
2050), and Fairhaven (by 3 to 5 feet of sea level rise based on the high projections
between 2070 to 2100). These residential communities reside in the unincorporated
area of Humboldt County and are subject to the County’s HBAP and are mostly under
the State’s retained jurisdiction.
When addressing vulnerable geographic areas, adaptation planning could benefit from
a collaborative stakeholder group consisting of direct asset/property owners,
asset/property owners who are affected or derive benefits from the asset, LCP and
regulatory authorities, and, if possible, funding agencies. Successful implementation of
adaptation strategies and measures will likely require partnerships among affected
stakeholders.

2.3.1

Diked Lands

As discussed previously, dikes on Humboldt Bay are protecting thousands of acres of
former tidelands and many high priority assets (utilities, transportation, and coastal
resources) now from tidal inundation. However, these diked former tide lands and
priority assets are particularly vulnerable and currently at-risk from tidal inundation if
existing shoreline dike structures were to fail. Successfully implementing a shoreline
protection strategy in these diked areas could maintain the current tidal inundation area
through 2050 based on the high projection of 2 feet of sea level rise. If not these diked
areas and priority assets that are protected by dikes would become tidally inundated
when the dikes are breached or overtopped (Figure 16).
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Figure 16. Areas that would be tidally inundated with shoreline dikes intact (above, MHW)
versus potentially tidally inundated areas if shoreline dikes are breached or overtopped (below
based on 2000 plus 0.5 meter map layer, NHE 2015).
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In the City and its PA, there are two low-lying SLRPA s for 2050 or 2 feet of sea level
rise, if the shoreline structures are breached/overtopped that are discrete hydrologic
areas: Eureka Slough (composed of the Eureka-Fay Slough sub-unit, Fay-Freshwater
Slough sub-unit and Ryan Slough sub-unit) (Figure 17), and Elk River (composed of the
Elk-Swain Slough sub-unit and Swain-Martin Slough sub-unit) (Figure 18).

Figure 17. Eureka Slough (Eureka-Fay-Freshwater-Ryan Sloughs) diked former tidelands area
(white line) that could become tidally inundated now and through 2050 or from 2 feet of sea
level rise, unless existing dikes elevations are increased. Based on 2000 plus 0.5 meter map
layer (NHE 2015).
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Figure 18. Elk River Slough (Elk-Swain-Martin Sloughs) diked former tidelands area (white line)
that could become tidally inundated now and through 2050 or from 2 feet of sea level rise,
unless existing dikes elevations are increase. Based on 2000 plus 0.5 meter map layer (NHE
2015).

These diked former tide land areas protect several high priority assets such as utilities
owned by both the City and the Humboldt Community Services District (HCSD)
including waste water collection systems, municipal water transmission pipelines, pump
station, and wells. Additional utility assets in these areas include natural gas
transmission lines, electrical transmission towers and distribution poles, optical fiber
lines. There is also infrastructure for multiple modes of transportation including local
streets and roads, Murray Field Airport, Highway 101, NCRA railway, and extensions of
the City’s Waterfront Trail and the County’s Bay Trail. Priority land uses and coastal
resources in these areas include: commercial developments, agricultural lands, ESHAs
(Aleutian goose grazing habitat, seasonal freshwater and brackish wetlands, and
riparian habitat) and DFW’s Fay and Elk River Wildlife Refuges.
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The City’s asset vulnerability and risk assessment found on Eureka and Elk River
Sloughs that there is a tipping point when the effects of 2+ feet of sea level rise may
quickly become dramatic if dikes are overtopped. This tipping point could occur by 2050
when the high projection of 1.9 feet may reach 9.6 (MMMW) to 10.7 feet (MAMW) or
any year that an extreme 100-year event of 10.2 (NAVD 88) were to occur. The highest
water level recorded on Humboldt Bay was 9.55 feet (NAVD 88) in 2005, and the
Governor declared a state of disaster on Humboldt Bay. In approximately 30+ years, the
future MMMW (9.64 feet NAVD 88) is projected to exceed the current extreme tide of
record (Figure 19). However, reaching the tipping point could be delayed until as late as
2100 based on the low projection of 2.1 feet of sea level rise.

Figure 19. Relative sea level rise estimations for high greenhouse gas emission scenario for
mean monthly maximum water (spring tides), mean annual maximum water (king tides), and
100-year extreme storm events (NHE 2014).

A less dramatic tipping point on diked former tidelands would result from the rising
elevations of low tides. As low tides rise 2 to 3 feet, existing water control structures will
become impaired with reduced drainage capacity and increased duration necessary to
drain stormwater runoff, and eventually will likely result in permanent ponding behind
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dikes. Groundwater behind dikes will also rise in response to rising sea levels and
contribute to saturated conditions and flooding that will adversely affect vegetation, land
uses and developments.
In the Eureka Slough, hydrologic area, there is a Eureka-Fay Slough sub-unit, which is
primarily within the City’s jurisdiction (Figure 13) that is vulnerable and at-risk now and
from sea level rise (Figure 14). This sub-unit has a diverse assemblage of high priority
asset interests and property owners (30+). The most vulnerable reaches of shoreline
rated high are located on lands owned by the State and County, which should facilitate
developing and implementing a unified adaptation strategy and protection measures.
There is a need for a unified and collaborative stakeholder driven planning effort to
understand property/asset management goals, adaptation strategies and measures and
to develop adaptation projects to increase the resiliency of shoreline structures and
extend the sustainability of these critical assets and land uses in the face of sea level
rise. The adaptation plan for the Eureka-Fay slough sub-unit could lead to developing
greater awareness of the community’s vulnerability and risk to sea level rise as well as
gaining an understanding of potential adaptation strategies and measures. The
remainder of Eureka Slough resides in Humboldt County’s HBAP jurisdiction. The
adaptation goals, strategies and measures that the City proposes for diked lands in its
LCP would be equally applicable on the diked lands in the County’s HBAP jurisdiction.
Again, all the diked lands on Humboldt Bay are under the State’s retained jurisdiction
with land uses and development subject to the policies in Chapter 3 of the Coastal Act.
On Elk River Slough, in the City’s LCP jurisdiction, there are essentially no dikes. In
fact, the few existing dikes along the banks of the lower Elk River in the City are
currently slated for removal to enhance the estuary of Elk River. There are diked former
tidelands in the City’s LCP on Martin Slough, but the diked shoreline protecting this area
is on Swain Slough in the County’s HBAP jurisdiction. Therefore, the City proposes to
defer to Humboldt County and the Coastal Commission to address adaptation for diked
shorelines and lands that are vulnerable and at risk from sea level rise on Elk River.
Determining who owns, is responsible for, is dependent upon or uses the services
provided by a critical asset at-risk in each geographic area will likely identify who should
be involved in selecting appropriate adaptation strategies, developing feasible
adaptation options, and securing funds for implementing these options. For example,
with diked former tidelands, forming an adaptation planning group solely based on
property ownership of the protective shoreline structures would be insufficient to identify
all the stakeholders associated with and benefiting from the protection that the diked
shoreline structures provide. These diked lands highlight a situation common to
Humboldt Bay where property, structures, or resources are being protected from sea
level rise by shoreline structures located on property not owned or controlled by the
beneficiary of these protective structures. The diked shoreline on Eureka and Elk River
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Sloughs traverse and protect both private and publicly owned property, assets, utilities,
and transportation corridors.
Diked Lands Adaptation Goals
The goals described in section 2.1.1 for the high priority assets that are located on diked
lands (utility, transportation, and coastal resource assets) are also applicable to support
adaptation planning on diked lands for 2 feet of sea level rise, including:





Maintaining reliable and economical delivery of all utility services;
Retaining local, regional, and inter-state transportation capabilities;
Accommodating and support future growth; and
Protecting public access, recreational opportunities, environmentally sensitive
habitats, natural shorelines and beaches, and cultural resources.

The City’s goals specifically for its diked lands is to:



Protect people, land uses and development by enhancing the diked shoreline
and mitigating existing vulnerability and risk from tidal inundation.
Protect people, land uses, development and the environment from 2 feet of sea
level rise (MMMW of 9.6 feet NAVD 88) where feasible given the physical
limitations of these former tidelands.

The land use asset goals based on state recommendations described in section 2.1.1
are restrictive and potentially unnecessary if applied to diked lands before 2 feet of sea
level rise may occur. Shoreline structures currently protect land uses and development
that are vulnerable now and from any sea level rise. Adopting protective strategies that
enhance these shoreline structures could enable these structures to continue to protect
land uses and developments from 2 feet of sea level rise. As mentioned earlier under
planning horizons, these restrictive land use goals also conflict with the City’s overall
general plan goal to accommodate and support future growth.
When the diked lands protection goal is no longer appropriate, based on revised and
hopefully more certain sea level rise projection of more than 2 feet, an updated goal that
addresses relocating existing land uses and developments could be considered.
Diked Lands Adaptation Strategies and Measures
To restate, the City’s current overarching goal is to protect land uses and developments
from tidal inundation now and from sea level rise of up to 2 feet. The City would defer
adopting a goal for sea level rise greater than 2 feet until its 2040 LCP update when
projections for sea level rise by 2100 will be reassessed based on the best available
science for Humboldt Bay at that time.
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The adaptation strategies most applicable for diked lands for 2 feet of sea level rise
would be protection and accommodation. These strategies are particularly appropriate
for existing assets: land uses and developments, utilities and transportation
infrastructure, and coastal resources.
Adaptation strategies for more than 2 feet of sea level rise would likely transition from
protection and accommodation to retreat for existing assets and avoidance for new
assets. The protection strategies, protection measures, accommodation strategies, and
accommodation measures for diked lands are the same as those presented in Section
2.2.2 for planning horizon adaptation strategies.

2.3.2

Waterfront

The SLRPA for 2100 covers the City’s waterfront, another discrete geographic area
(composed of the waterfront and Bayshore shoreline reaches). The SLRPA for 2100 is
based on the high projection of 5.4 feet of sea level rise with MMMW elevation of 13.1
feet (NAVD 88) (Figure 22).
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Figure 22. Waterfront (red line) and Bayshore Shoreline (gold line) areas that could become
tidally inundated by 5.4 feet of sea level rise during MMMW, which is predicted to occur by 2100
based on the high projection. Based on 2000 plus 1.5 meter map layer (NHE 2015).

The City’s waterfront SLRPA is vulnerable to sea level rise that is greater than 2 feet,
which is predicted to occur as the high projection by 2050 and possibly not until 2100
based on the current low projection. The City’s urban waterfront area does contain
several high priority assets, Historic Old Town District, coastal dependent industrial
properties and dock facilities, industrial, and commercial lands, utilities (waste water
treatment plant, waste water collection system, municipal water transmission pipeline
and pump station, bulk fuel terminal, stormwater collection and discharge system,
electrical sub-station and distribution system, optical fiber lines, and solid waste transfer
facilities) transportation infrastructure (local streets, Highway 101, Port facilities, NCRA
railway, and the soon to be completed Waterfront Trail) and commercial/recreational
fishing marina and processing facilities, land uses (CDI property and bulk cargo docks,
industrial and commercial property), and coastal resources (ESHA, public access,
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recreational dock and waterfront facilities). The adaptation strategies for these assets
are discussed further in Section 2.1.
2050, or 2 feet of Sea Level Rise
Historically, much of the waterfront was created by placing fill in the Bay and fortifying
the shoreline (Figure 23). Existing shoreline vulnerability, based on elevation and
susceptibility to overtopping by 2 feet increase in water elevation, above MMMW (7.7
feet) and/or an eroding shoreline, has been recently mapped (Figure 24). The built-up
shoreline of the waterfront area could be elevated, and eroded and unfortified segments
fortified to protect landward developments from sea level rise.

Figure 23. Much of the waterfront area was created by placing fill in the Bay and fortifying its
shoreline (blue), there a few shoreline segments that were not fortified and are eroding (red)
and other shoreline segments that are unfortified but not eroding (green) (Laird 2013).
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Figure 24. Shoreline vulnerability assessment rating of waterfront area: high (red), moderate
(yellow), and low (green) (Laird 2013).

By 2050 or from 2 feet of sea level rise, only a few areas in the waterfront area will be
tidally inundated (PALCO marsh) interior of the NCRA railroad and Waterfront Trail,
which forms the Bay’s shoreline. With 2 feet of sea level rise, a portion of the Chevron
bulk fuel terminal property, the City’s marina property and Waterfront Drive, short
segments of the shoreline on Commercial fishing property, adjacent City streets are
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likely to become tidally inundated if adaptation measures are not implemented (Figure
25).

Figure 25. Existing tidally inundated waterfront undeveloped areas (left) and potentially
inundated developed areas with 2 feet of sea level rise (right), (isolated inundation polygons
without pathways for inundation resulting from the bathtub modeling effect have been removed),
the high projection for 2050. Based on 2000 plus 0.5 meter map layer (NHE 2015).

As Eureka’s Waterfront Trail is completed it will form a new shoreline in many locations
and help protect interior areas from 2 feet of sea level rise from Elk River to Eureka
Slough.
The results of the vulnerability and risk assessment for the high projection of sea level
rise by 2050 indicate that the extent of tidal inundation of urban land use zones in the
City’s waterfront is not significant. Urban land use developments are supported by a
multitude of utilities and infrastructure that are in turn themselves vulnerable and at risk
from sea level rise. With 2 feet of sea level rise the regional waste water collection
system and therefore the waste water treatment facility that supports urban land uses
could start experiencing inflow/salt water intrusion impacts when lift stations (6 of 51)
and sewer lines in the Waterfront area may become tidally inundated. Any impairment
of the wastewater collection system and/or the wastewater treatment facility could
potentially affect nearly all development in the City and in HCSD, which shares use of
the treatment plant. With the storm water system, in the waterfront area there are 12
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storm water basins with 20 outfalls and 4 tide gates that unless modified may not be
fully functioning with 2 feet of sea level rise, potentially resulting in backwater flooding of
the waterfront and inland urban areas during high tides. The only operating bulk fuel
terminal for the Humboldt Bay region is located on the City’s waterfront and may need
additional protection by 2050 when MMMW could reach 9.6 feet and MAMW 10.7 feet
(NAVD 88).
With 2 feet of sea level rise, 2 commercial fishing properties and the City’s marina on
the waterfront could become tidally inundated. The piers anchoring commercial and
recreational boating docks on the waterfront may also need to be extended to mitigate 2
feet of sea level rise or the docks could float off during MAMW, king tides.
2100, or 2 to 5.4 feet of Sea Level Rise
As described earlier, in the City’s waterfront area there are significant differences in
SLRPA based on low versus high projections for 2100 (Figure 26). While not part of the
City’s urban waterfront, most of the developed portion of Woodley Island and marina are
not vulnerable or at risk from the high sea level rise projection for 2100.
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Figure 26. Potential sea level rise planning areas based on low projection of 2.1 feet
(left, modified to eliminate isolated polygons not connected to shoreline) and high
projection of 5.4 foot (right based on 2000 plus 1.5 meter map layer, NHE 2015) for
2100 along the City’s waterfront.

Compared to the potential effects of 2 feet of sea level rise on the waterfront, the
number of high priority assets and urban property that are potentially vulnerable and at
risk to the high projection for sea level rise of 5.4 feet increases significantly. For
example, if adaptation strategies and measures are not employed as much as 93% of
the Coastal Dependent Industrial lands and developments as well as local streets
servicing these waterfront properties are projected to be tidally inundated, along with 7
of 8 commercial fishery docks, facilities, and properties are projected to be tidally
inundated. If left untreated 20 of the currently open contaminated sites may become
tidally inundated (Laird 2016). The potential magnitude of change from 3 to 6 feet of sea
level rise on Humboldt Bay is of sufficient significance that a regional LCP adaptation
planning effort by the Cities of Eureka, Arcata, and Humboldt County and others on
Humboldt Bay may be needed.
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Waterfront Adaptation Goals
The successful achievement of the City’s goals is particularly important for the future of
the City’s waterfront.



Protect people, land uses, and development by enhancing the shoreline and
mitigating existing vulnerability and risk from tidal inundation where feasible.
Protect people, development, and the environment from 2 feet of sea level rise
(MMMW of 9.6 feet NAVD 88).

Protection Strategies
Protection strategies for the waterfront include the following actions:







Make vulnerable artificial shoreline reaches more resilient to sea level rise to
protect land uses and developments from tidal inundation;
Enhance the resiliency of all shoreline structures to protect land uses and
developments from 2 feet of sea level rise;
Recognize the uncertainty of sea level rise projections for 2050 to 2100.
Update the City’s LCP Safety Element as necessary to incorporate the best
available science of sea level rise projections;
Utilize Humboldt County’s Hazard Mitigation Plan to help reduce the level of risk
to people, development, and the environment from tidal inundation;
Re-assess sea level rise projections in the next LCP update of 2040; and
consider appropriate land use goals if projections confirm that 3 or more feet of
sea level rise is likely between 2050 and 2100.

Protection Measures
Protection measures for the waterfront include the following actions:





Increase the height of shoreline structures for the entire length of the waterfront
to approximately 11 feet (NAVD 88) or more to protect lands behind shoreline
structures that are lower than FEMA’s BFE of 10.2 feet with 1 foot of free board
and from up to 3.2 feet of sea level rise, the high projection for 2070.
Utilize FEMA siting and building standards to mitigate vulnerability and risk to
land uses and developments in the FIRM AE zones and City’s SLRPA; and
Disclose in real estate transactions whether properties are in a SLRPA and that
they are potentially vulnerable and at risk from tidal inundation.

Accommodation Strategies
Accommodation strategies for the waterfront include:
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Increasing the elevation of waterfront lands vulnerable and at risk from tidal
inundation due to 2 feet of sea level rise; and
Enhancing stormwater runoff capacity to protect land uses and developments
from backwater flooding.

Accommodation Measures
Accommodation measures for the waterfront include the following actions:






Import fill to increase the elevation of land vulnerable and at risk form tidal
inundation and flooding;
Increase drainage capacity of stormwater outlets to accommodate 2 to 3 feet of
sea level rise (2050 to 2070 based on high projections) by upgrading existing and
installing more water control structures to increase the volume and extend
duration of drainage;
Install pumps to accelerate drainage of stormwater behind shoreline structures;
and
Create stormwater runoff detention basins to attenuate backwater flooding
upstream of stormwater outlets.

3 CONCLUSIONS
The City’s sea level rise adaptation planning report is a culmination of a regional
planning effort that began in 2010 on Humboldt Bay. The regional effort inventoried,
mapped, and assessed the vulnerability of the shoreline on Humboldt Bay and found
that the diked shoreline comprises much of the artificial shoreline and is already
vulnerable to breaching and to overtopping during MAMW or king tides. The relative sea
level rise projections (CG 2014 and NHE 2014) and tidal inundation maps (NHE 2015)
prepared for the lands around Humboldt Bay have been invaluable to the City in its
efforts to assess the vulnerability and risk of assets in its jurisdiction and in its PA. The
City’s sea level rise asset vulnerability and risk assessment (Laird 2016) identified high
priority assets in its LCP jurisdiction and in the PA.
The City’s sea level rise adaptation planning report explores three adaptation
approaches that focus on: (1) assets, (2) planning horizons of 2050 based on high
projection of 2 feet of sea level rise and 2100 based on low projection of 2, and (3) two
specific geographic areas in the City—Eureka-Fay Slough and its waterfront. This report
presents adaptation goals, strategies and measures for each of these approaches that
can be incorporated in the City’s LCP update. Addendum 1 includes draft goals and
policies and outlines potential strategies that could be utilized to protect priority assets.
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The City’s sea level rise adaptation planning emphasis is on a high projection of 2 feet
on Humboldt Bay, predicted to occur by 2050. The City and this plan use this projection
to establish a target water elevation of 9.6 feet NAVD 88 for MMMW to guide its
adaptation planning.
Planning for sea level rise involves informational and regulatory components. To date
most of the sea level rise planning efforts on Humboldt Bay have been informational
(vulnerability assessments and adaptation planning). This report is a bridge from the
informational to regulatory component, as the City of Eureka’s next step is to draft
regulatory policies and regulations that address sea level rise in its LCP update. The
City finds that there are several problematic issues associated with developing LCP
land use regulations to address sea level rise, including:













A lack of “official” state or federal sea level rise hazard or planning maps for LCP
authorities to base their land use policies and regulations;
Adopting sea level rise planning areas (SLRPA) for 2100 based on high versus
low sea level rise projections, given the wide range of projections from 2050 to
2100;
Adopting SLRPA based on future sea level rise that does not account for
successful adaptation strategies that could protect land uses and developments
from projected sea level rise through 2050;
FEMA FIRM flood hazard zones and regulations provide similar protection as
adopting a SLRPA for 2050 or even 2100 under the low projection for sea level
rise, thereby providing an opportunity for the City to defer adopting adaptation
regulations until its next LCP in 2040;
Revising current zoning ordinances based on high projection for sea level rise by
2100 may present conflicts for land uses and developments currently established
(vested) in the City’s General Plan that would not need protection from sea level
rise through 2050;
Limitations of a LCP, a regulatory tool, to protect existing (particularly assets not
owned by the City) or vested land uses and development versus future land uses
and developments; and
Limitations of an individual LCP versus a regional or multi-agency LCP to
develop and implement regional adaptation goals and strategies.

Lastly, the City’s adaptive capacity to address high priority assets is constrained
because many of these assets are not owned by the City. Key infrastructure related to
energy, bulk fuel, communications, and transportation are owned by other public and
private entities. The City’s LCP jurisdiction also does not encompass, the Highway 101
corridor and Humboldt Bay Power Plant which are critical assets essential to the City’s
long term sustainability, they are the respective responsibility of Caltrans and PG&E in
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Humboldt County’s HBAP jurisdiction. Clearly, adaptation to sea level rise on Humboldt
Bay needs to be a collaborative and regional effort. For instance, a single shoreline
protection measure in some areas could protect any number of critical assets
regardless of who owns or maintains them.

3.1

Adaptation Plan Summary

The Sea Level Rise Adaptation Plan findings can be summarized as follows:


The City has elected to take a pragmatic approach to plan for and adapt to
hazards from sea level rise.



The City’s adaptation plan focuses on specific geographic areas that are
vulnerable now or at risk from sea level rise— Eureka-Fay Slough diked former
tidelands and its waterfront area.



The City concurs with the state’s recommendations to assess vulnerability and
plan for adaptation to sea level rise through 2050.



The City’s adaptation goal for diked lands is to protect land uses and
development now as well as mitigate vulnerability from 2 feet of sea level rise,
where feasible, given the physical limitations of these former tidelands.



The City will consider the effects of successful adaptation strategies that could
protect diked land uses and developments from projected sea level rise through
2050, thus negating the need to adopt a SLRPA for 2050.



The City’s adaptation goal for 2050 in its waterfront area is to protect people,
development, and the environment from 2 feet of sea level rise.



The City’s waterfront area is mostly vulnerable to sea level rise that is greater
than 2 feet, which is predicted to occur as the high projection by 2050 and
possibly not until 2100 based on a low projection, thus negating the need to
adopt a SLRPA in this area for 2050.



Because there is a significant range in sea level rise projections for 2100 (2 to
5.4 feet), the City believes there is sufficient uncertainty regarding the use of any
projections for sea level rise 84 years into the future. The City believes that
creating a SLRPA now based on the existing high projection for sea level rise (>
5 feet) by 2100 would undermine its land decisions/regulations and unnecessarily
encumber land uses and development.



When the City updates its LCP in 2040, it will reassess the projections for sea
level rise by 2100 based on the best available science for Humboldt Bay at that
time.
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While the City’s LCP will control zoning in SLRPA, it is the Coastal Commission’s
administration of policies in Chapter 3 of the Coastal Act that will regulate
development because most of the SLRPA for 2050 and 2100 in the City are
under the state’s retained jurisdiction.



Planning for sea level rise raises LCP policies and regulations in the Coastal
Zone to a new level of constraint and impact to land use and development,
essentially creating a new defacto regulatory zone.



Individual LCPs are a limited vehicle to plan for sea level rise on Humboldt Bay.
A regionally integrated LCP would be more appropriate as LCP jurisdictions
traverse multiple hydrologic units.

Regardless of the strategy or approach selected to adapt to sea level rise impacts,
funding and regulatory flexibility are two critical issues that will need to be addressed.
Normal capital funding mechanisms are currently unable to accommodate the huge
backlog of necessary infrastructure improvements, and it is unrealistic to expect that
baseline capital funding might also fund new adaptation projects. Developing and
implementing adaption strategies and measures for assets that are vulnerable and atrisk will require decades of planning, design, and implementation, as well as significant
financial investments. New state and federal funding sources will be needed to address
sea level rise impacts. Implementing adaptation measures will require permits.
Regulatory constraints to potential adaptation measures could be reduced with the
integration of local, state and federal statutes into flexible programmatic authorizations.
Jurisdictional integration/collaboration among LCP authorities (Humboldt County, City of
Eureka, and City of Arcata) and resource management authorities (Coastal Commission
and HBHRCD) could also facilitate the development and implementation of adaptation
strategies and measures.

3.1.1

High Priority Assets:

The highest priority assets to protect by 2050 are utilities (waste water, municipal water,
storm water) transportation (Highway 101 Murray Field Airport), commercial fishing
facilities and property, public access and recreation, agricultural lands, and
Environmentally Sensitive Habitat Areas (ESHAs). By 2100, all assets except
recreational boating (pilings would have been extended by 2050), agricultural lands
(existing dikes are projected to be overtopped and diked lands would be drainage
impaired by 2070 with approximately 3 feet of sea level rise), and ESHA (most are
located on diked lands that are projected to be overtopped or flooded by 2070) are all
high priority assets.

City of Eureka December 2016

65

Adaptation Goals
Adaptation goals for high priority assets by 2050 include:





Utilities: to reliably deliver public services as economically as possible to all
customers.
Transportation: retain local, regional, and inter-state transportation infrastructure.
Commercial Land Uses: assure priority for coastal-dependent and related
development.
Coastal Resources: protect, and perpetuate public access and recreational
opportunities, and environmentally sensitive habitats, agricultural lands and
cultural resources.

Protection Strategies
Protection strategies for high priority assets include:





Protecting utilities in place is a pragmatic adaptation strategy until funds can be
secured to ultimately relocate utility infrastructure out of the SLRPA.
Protecting, enhancing, and maintaining shoreline structures may be appropriate
for utilities located behind shoreline structures that prevent tidal inundation of
utility infrastructure now or in the future.
Protecting Highway 101 and Murray Field Airport can best be achieved by
protecting, enhancing, and maintaining shoreline structures on Eureka-Fay
Slough hydrologic unit.

Accommodation Strategies
Accommodation strategies for high priority assets include:







Raising the elevation of utility facilities and right-of-way to retain access to utility
infrastructure;
Raise the elevation Highway 101 and streets when resurfacing;
Reconstruction of Highway 101, streets, and roads would provide an opportunity
to import fill and raise the elevation of the road base and surface;
Increasing drainage from diked lands could help protect surface transportation
infrastructure that traverses diked lands like Highway 101;
Replacing low-lying sections of Highway 101 and critical local streets and roads
with an elevated viaduct on pilings may be a preferred long-term solution to
accommodate sea level rise;
Increasing the surface elevation of marine facility property and access streets
servicing these properties;
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Replacing or increasing the height of pilings that anchor floating docking would
help keep these marine facilities in place as sea level rises;
Utilizing pile foundations would help raise buildings above projected sea levels;
Raising the surface elevation of individual low-lying lots and surface streets in
specific geographic areas such as Jacobs Avenue on Eureka Slough;
Importing fill to increase the surface elevation of individually owned diked former
tidelands or for all undeveloped tidelands in a hydrologic sub-unit that have
compacted over the last century;
Increasing the capacity and number of water control structures or installing
pumps to drain diked and urban lands could enable these areas to accommodate
increasing sea level rise as it affects water control structure efficiency.
Raising the surface elevation of low-lying surface streets in the SLRPA could
help accommodate higher water elevations and maintain public access to
Humboldt Bay.
As the Bay Trail is scheduled for resurfacing, there may be an opportunity to
incrementally raise its elevation.
Maintaining undeveloped areas as open space to allow natural areas such as
coastal wetlands to migrate inland with sea level rise.
Relocating dikes inland, even 50 to 100 feet, could allow for restoration of salt
marsh habitat and provide a wave attenuating buffer to protect dikes from erosion
and breaching.

Protection Measures
Protection measuring for the Eureka-Fay Slough diked lands area include the following
actions:







Protect dike structures with either hard or green engineering measures.
Increase dike elevations, may be desirable compared to the impacts of relocating
transportation infrastructure behind the dikes.
Construction of new protective dikes parallel to Highway 101 on Caltrans’
property or right-of-way may become an option if enhancing existing diked
shorelines or railroad grade is not feasible.
Highway and street road prisms could be modified to prevent slumping or
erosion.
As groundwater rises behind diked shorelines or when stormwater runoff
becomes impounded behind the highway or streets, pumping may become
necessary to protect road prisms from over-saturation.
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3.1.1

Diked Lands, Eureka‐Fay Slough Area:

As discussed previously, dikes on Humboldt Bay are presently protecting thousands of
acres of former tidelands and many high priority assets (utilities, transportation, and
coastal resources) from tidal inundation. However, these diked former tide lands and
priority assets are particularly vulnerable and currently at-risk from tidal inundation if
existing shoreline dike structures were to fail. Successfully implementing a shoreline
protection strategy in these diked areas could maintain the current tidal inundation area
through 2050 based on the high projection of 2 feet of sea level rise. If not, these diked
areas and priority assets that are protected by dikes would become tidally inundated
when the dikes are breached or overtopped.
Adaptation Goals
Adaptation goals for the Eureka-Fay Slough diked lands area include the following
actions:



Protect people, land uses and development by enhancing the diked shoreline
and mitigating existing vulnerability and risk from tidal inundation.
Protect people, land uses, development and the environment from 2 feet of sea
level rise (MMMW of 9.6 feet NAVD 88) where feasible given the physical
limitations of these former tidelands.

Protection Strategies
Protection strategies for the Eureka-Fay Slough diked lands area include the following
actions:




Address shoreline vulnerability and risk for entire discrete hydrologic units, such
as Eureka-Fay Slough sub-unit.
Increase resiliency of vulnerable dike reaches to protect land uses and
developments within the entire hydrologic unit from tidal inundation.
Enhance the resiliency of the entire shoreline within the Eureka-Fay Slough
hydrologic unit to account for 2 to 3 feet of sea level rise.

Protection Measures
Protection measuring for the Eureka-Fay Slough diked lands area include the following
actions:

City of Eureka December 2016

68












Adopt a sea level rise planning area (SLRPA) for 2 feet of predicted sea level rise
(MMMW of 9.6 feet), with references to FEMA’s FIRM AE flood zone and BFE of
10.2 feet.
Increase the height of shoreline structures for the entire 3.1 miles length of the
Eureka-Fay Slough hydrologic unit to approximately 11 feet or more to protect
lands behind shoreline structures that are lower than FEMA’s BFE of 10.2 feet
with 1 foot of free board and from up to 3.2 feet of sea level rise, which is the
high projection for 2070.
Relocate shoreline structures landward on public lands to create a salt marsh
living shoreline to afford protection from wave induced erosion and overtopping.
Utilize FEMA siting and building standards to mitigate vulnerability and risk to
land uses and developments in the FIRM AE zone and City’s SLRPA for EurekaFay Slough unit.
Utilize green and hard engineering measures, including constructing salt marsh
plains (living shorelines) to protect dikes, to protect shoreline dikes from erosion.
Disclose in real estate transactions for properties in the Eureka-Fay Slough
SLRPA that they are potentially vulnerable and at risk from tidal inundation.
Coordinate with the Humboldt County Flood Control District to secure funds to
design, permit, elevate and maintain shoreline structures or a certified levee
system.
Create a federally certified coastal levee system (minimum of ~11 feet (10.2 foot
BFE plus 1.0 freeboard) on Eureka-Fay Slough.
Construct a tidal dam at the entrance to Eureka Slough to mute the tide cycle
and reduce vulnerability and risk from tidal inundation.

Accommodation Strategies
As sea levels rise, so too does mean low water elevations, and tide gates associated
with shoreline dikes, levees, and stormwater outlets. These water control structures will
experience reduced capacity to drain stormwater runoff. Impounding stormwater runoff
or elevated groundwater behind protective dikes or tide gates may result in flooding of
land uses and developments. Rising sea levels will impede stormwater runoff likely
causing backwater flooding upstream of outlet structures on the shoreline of Humboldt
Bay. Accommodation strategies for the Eureka-Fay Slough diked lands area include the
following actions:



Enhance drainage capacity of diked lands vulnerable and at risk from tidal
inundation due to sea level rise to reduce their flooding; and
Increase the elevation of lands and infrastructure vulnerable and at risk from tidal
inundation due to sea level rise to reduce their flooding.

Accommodation Measures
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Accommodation measures for the Eureka-Fay Slough diked lands area include the
following actions:





3.1.2

Increase drainage capacity of dikes, levees, and stormwater outlets to
accommodate 2 to 3 feet of sea level rise by upgrading existing water control
structures and installing additional water control structures to increase the
volume and extend duration of drainage;
Install pumps to accelerate drainage of stormwater behind shoreline structures;
and
Import fill to increase the elevation of land and infrastructure vulnerable and at
risk form tidal inundation and flooding.

Waterfront Area:

By 2050 or from 2 feet of sea level rise, only a few areas in the waterfront area will be
tidally inundated: (PALCO marsh) interior of the NCRA railroad and Waterfront Trail, a
portion of the Chevron bulk fuel terminal property, City’s marina property and Waterfront
Drive, short segments of Commercial fishing property and adjacent City streets are
likely to become tidally inundated if adaptation measures are not implemented, also
piers anchoring commercial and recreational boating docks on the waterfront may also
need to be extended. As Eureka’s Waterfront Trail is completed, it will form a new
shoreline in many locations and help protect areas from 2 feet of sea level rise from Elk
River to Eureka Slough.
Adaptation Goals
Adaptation goals for the waterfront area including the following actions;



Protect people, land uses, and development by enhancing the shoreline and
mitigating existing vulnerability and risk from tidal inundation where feasible; and
Protect people, development, and the environment from 2 feet of sea level rise
(MMMW of 9.6 feet NAVD 88).

Protection Strategies
Protection strategies for the waterfront area including the following actions;




Make vulnerable artificial shoreline reaches more resilient to sea level rise to
protect land uses and developments from tidal inundation;
Enhance the resiliency of all shoreline structures to protect land uses and
developments from 2 feet of sea level rise;
Recognize the uncertainty of sea level rise projections for 2050 to 2100.
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Update the City’s LCP Safety Element as necessary to incorporate the best
available science of sea level rise projections;
Utilize Humboldt County’s Hazard Mitigation Plan to help reduce the level of risk
to people, development, and the environment from tidal inundation;
Re-assess sea level rise projections in the next LCP update of 2040; and
consider appropriate land use goals if projections confirm that 3 or more feet of
sea level rise is likely between 2050 and 2100.

Protection Measures
Protection measures for the waterfront area including the following actions;





Increase the height of shoreline structures for the entire length of the waterfront
to approximately 11 feet (NAVD 88) or more to protect lands behind shoreline
structures that are lower than FEMA’s BFE of 10.2 feet with 1 foot of free board
and from up to 3.2 feet of sea level rise, the high projection for 2070;
Utilize FEMA siting and building standards to mitigate vulnerability and risk to
land uses and developments in the FIRM AE zones and City’s waterfront SLRPA;
and
Disclose in real estate transactions whether properties are in a SLRPA and that
they are potentially vulnerable and at risk from tidal inundation;

Accommodation Strategies
Accommodation strategies for the waterfront area including the following actions;



Increase the elevation of waterfront lands vulnerable and at risk from tidal
inundation due to 2 feet of sea level rise; and
Enhance stormwater runoff capacity to protect land uses and developments from
backwater flooding.

Accommodation Measures
Adaptation measures for the waterfront area including the following actions;





Import fill to increase the elevation of land vulnerable and at risk form tidal
inundation and flooding;
Increase drainage capacity of stormwater outlets to accommodate 2 to 3 feet of
sea level rise (2050 to 2070 based on high projections) by upgrading existing and
installing more water control structures to increase the volume and extend
duration of drainage;
Install pumps to accelerate drainage of stormwater behind shoreline structures;
and
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Create stormwater runoff detention basins to attenuate backwater flooding
upstream of stormwater outlets.
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5 ADDENDUM 1 (see separate cover)
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