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Executive Summary 
This report details the methods, analysis, and results of the Town of Coupeville Sea Level Rise 

Vulnerability Assessment project. This project was funded by the Department of Ecology’s (Ecology) 

Shoreline Master Program Competitive Grant Pilot Program and benefited from technical guidance by 

the Town of Coupeville and Peak Sustainability Group.  

The objective of this project was to couple recently developed localized sea level rise (SLR) projections 

from the Washington Coastal Resilience Project team (Miller et al., 2018), high resolution land elevation 

data from Island County, and other publicly available regional data in GIS to perform a quantitative 

assessment of SLR vulnerability for the Town’s shores. The analysis was applied to critical assets within 

the Town which include buildings (historic, non-historic, critical infrastructure), roads, utilities (sewer, 

storm, water), and parks and community assets.  

The overall framework used was to define vulnerability as a function of exposure and sensitivity to SLR 

hazards (vulnerability = exposure + sensitivity). The exposure assessment quantified the two main 

impacts from SLR, which are flooding and shoreline recession. The SLR scenarios chosen were all 

associated with an RCP 8.5 or high emission scenarios for 2050 and 2100. This scenario is somewhat 

conservative, however current emissions trends continue to remain on the high end of projections. We 

opted to use the 50% and 1% probability of exceedance, which represents the percent chance that 

absolute sea level will rise by at least that amount. The 50% exceedance scenarios were chosen to 

analyze a moderate scenario, or a “likely” range of SLR. The 1% exceedance scenarios were chosen to 

analyze a more extreme scenario, but with a lower likelihood of occurring. We modeled inundation of 

the Town during an extreme coastal water level event occurring at mean higher high water (MHHW) for 

each SLR scenario.  

Future coastal recession was estimated by mapping the shore (bluff or bank crest) from the most recent 

topographic survey, estimating the historic erosion rates, and then projecting the future position of the 

shore by integrating the vertical change in SLR for each scenario. The areas of inundation and bluff 

recession under each scenario were then used to identify potentially at-risk assets. 

The sensitivity of each asset, or the degree to which an asset is susceptible to impacts due to coastal 

flooding or a combination of flooding and recession, was qualitatively assessed based on known 

conditions of each asset and input from the Town. The final vulnerability assessment evaluated the most 

exposed assets and factored in their sensitivity to SLR impacts to assess their overall vulnerability. The 

most vulnerable assets were then identified and the basis for the highest vulnerability assets were 

described.  

The primary results of this assessment include: 

 The impacts of direct flooding from SLR are limited while indirect impacts of SLR from shore 

recession are more widespread along the Town’s shores.  

 The three most vulnerable assets within the Town were found to be roads, historic buildings, 

and sewer lines.  

 Many of the roads are in very close proximity to the bluff crest, such as NW Madrona Way and 

NE Front Street, and therefore have little margin for significant bluff crest recession from 

landslides and ongoing erosion.  
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 Numerous historic buildings are threatened by flooding as many of them are built at low 

elevations and are located on pilings over the water, exposing them to water and wave 

damage. Bluff recession and slope instability could also affect the portion of the historic 

buildings founded on the bluffs.  

 The sewer lines were shown to be especially vulnerable to bluff recession as some are located 

very close to the bluff crest and over 30% of the Town's sewage flows beneath Front Street to 

the wastewater treatment plant, which is already an asset of concern.  

 The wastewater treatment plant is vulnerable to SLR because it is low lying and has a high 

sensitivity. However, treatment structures are not projected to be threatened by direct flooding 

during the 2050 scenarios.  

This analysis points to assets or parts of assets that should be prioritized for management and 

adaptation actions and may need engineering analysis and future design work/retrofits to maintain 

access and operation. Management options such as elevating or relocating structures and infrastructure, 

will be key for the Town to prepare for SLR. 
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Introduction and Background 
As a result of sea level rise (SLR), Puget Sound shores will be subjected to changes in the magnitude and 

frequency of coastal flooding, with cascading effects of accelerated erosion, infrastructure damage, 

habitat loss, and other impacts at the local scale (Miller et al., 2018). Coastal communities must seek to 

understand the potential risk of SLR to their communities and plan to mitigate those risks. With funding 

from the Department of Ecology’s (Ecology) Shoreline Master Program Competitive Grant Pilot Program 

(Grant Agreement No. SEASMPC-2123-CoupTo-00015), the Town of Coupeville (Town) is taking 

important steps towards preparing for the effects of SLR by conducting a SLR vulnerability assessment to 

evaluate which areas and assets are considered most vulnerable to SLR-related hazards.  

To answer the question of vulnerability, a framework for identifying and ranking impacts of SLR on 

infrastructure and other assets within the Town was developed. This report details the preliminary 

methods and results for this study. The goal is to provide the Town with information that can form the 

foundation of a SLR adaptation strategy and increase the effectiveness of management approaches. 

These methods and results are excepted to be altered somewhat prior to finalization of the report based 

on input from the stakeholder meeting (January 2023) and public meeting (February 2023) as well as the 

results from the public survey developed by Peak Consulting.  

Methods 
Overall Conceptual Model 
The goal of this project was to couple recently developed localized SLR projections from the Washington 

Coastal Resilience Project team (Miller et al., 2018), high resolution land elevation data from Island 

County, and other publicly available regional data in a Geographic Information System (GIS) to perform a 

quantitative assessment of SLR vulnerability for the Town’s shores (Map 1).  

The overall methodology for the quantitative estimation of SLR vulnerability used in this project is 

generally based on the Adapting to Climate Change: A Planning Guide for State Coastal Managers guide 

(NOAA, 2010). These methods include identifying the impacts and consequences of the phenomena, 

assessing the physical characteristics and exposure, considering adaptive capacities, developing a range 

of plausible SLR scenarios, identifying focus areas, and summarizing vulnerability.  

The framework we are using to summarize vulnerability can be simply written as: 

Vulnerability = Exposure + Sensitivity1,  

which we are modifying from the approach described in the US Climate Toolkit. This framework is 

applied to “assets,” and for this project we are viewing the central "assets" under consideration to be: 

 Buildings (historic, non-historic, critical infrastructure; Map 2) 

 Roads (Map 3) 

 
1 It is important to note here that the conceptual framework for assessing vulnerability that we used in this project 
typically includes a third element, adaptive capacity, which is intended to assess the degree to which the exposure 
or sensitivity of a parcel may be reduced. For example, relocating or elevating a building to above expected flood 
levels are instances of adaptive capacity, which reduces vulnerability. While this is an important element in the 
assessment of vulnerability, we did not have the capacity to include adaptive capacity in this project and expect 
this to come in a future work through an adaptation plan.  
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 Utilities (sewer, storm, water; Map 4) 

 Parks & community assets (Map 5) 

These asset groups were selected based on input from the Town, available data, background research of 

other similar assessments, and knowledge of local conditions.  

In areas within the Town of Coupeville that may be exposed to coastal flooding or erosion by 2100 

(Table 1), we chose to evaluate the assets only within a 200 FT buffer landward of the mean higher high 

water (MHHW) (the “shoreline buffer”; Map 1).  This 200 FT buffer from MHHW provided a useful 

approximation for the Town’s Shoreline Master Program (SMP) jurisdiction which is 200 FT landward of 

ordinary high water mark (OHWM). MHHW was used for this analysis because it can be mapped 

remotely in GIS. Additionally, we do not expect significant impacts outside of the 200 FT buffer by 2100.  

Table 1. Assets analyzed along with their format and source.  

Asset Type Format Source 

Buildings 

Building 

Footprints 
Polygons 

Microsoft, 2018 – CGS revised slightly based on 

2020 aerial imagery 

Ebey's Historical 

Structures 
Polygons Town 

Critical Facilities Points WA Geospatial, HAZUS 

Roads Roads Polylines 
OpenStreetMap - CGS revised slightly based on 

known conditions and 2020 aerial imagery 

Utilities 

Storm Utilities Polylines Town - CGS revised slightly based on Town input 

Water Utilities Polylines Town- CGS revised slightly based on Town input 

Sewer Utilities Polylines Town- CGS revised slightly based on Town input 

Parks & 
Community 
Assets 

Parks & 

Community 

Assets 

Polygons Island County parcel data 

 

Within the shoreline buffer there are: 

 47 historic structures and 104 total structures 

 One critical infrastructure facility – the wastewater treatment plant which has 7 structures 

within it (Map 2) 

 12,080 FT of roads including 4,296 FT of footpaths (sidewalks and paths) (Map 3)  

 22,687 FT of utility lines (Map 4) 

 Parks and community assets include the Town Park and path connecting it to downtown, the 

wharf and adjacent beach access parcels, a beach access area east of the wharf, the path along 

Front Street, and Captain Thomas Coupe Park (Map 5).  

The project framework lends itself to a three-phase project approach, explained in the following 

sections. 
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Exposure Assessment  

The objective of the first phase (the “Exposure Assessment”) was to determine which "assets" are 

exposed, or physically subjected, to coastal flooding (the “Coastal Flooding Assessment”) and shore 

recession (the “Coastal Recession Assessment”), which will be exacerbated by SLR, using a quantitative 

approach described in more detail in the following section. We also identified which assets will be 

threatened within each of our planning horizons (2050 or 2100). The assessment included an evaluation 

of significant flood zones as well as an estimation of historic and future coastal recession rates.  

Sensitivity Assessment 

The second phase was focused on the sensitivity of the chosen assets (the “Sensitivity Assessment”) to 

the selected hazards. Sensitivity is defined here as the degree to which an asset is susceptible to impacts 

due to coastal flooding or a combination of flooding and erosion. Put more simply, how much does 

flooding or erosion damage something that we care about that is on, or related to, the asset? This 

analysis was done qualitatively based on known conditions of each asset. We hope that in future 

iterations of this report we can update this assessment based on input from the Town and project 

stakeholders to bring more rigor to our qualitative analysis.  

Vulnerability Assessment 

The final phase (the “Vulnerability Assessment”) evaluates the most exposed assets and considers their 

sensitivity to SLR impacts to assess the overall vulnerability. Specific assets were then identified based 

on their intersection with inundation and shore recession layers and the basis for the highest 

vulnerability assets were described. This analysis points to assets or parts of assets that should be 

prioritized for management and adaptation actions, and which may need engineering analysis and 

future design work/retrofits to maintain access and operation.  

Coastal Flooding Assessment  
As sea levels rise, the lowest lying areas will be regularly flooded by high tides. This gradual process of 

SLR exhibits considerable spatial variability due the combined effects of global (eustatic) SLR and vertical 

land movement (isostatic uplift or subsidence), the net effect of which is referred to as relative SLR. 

Relative SLR in Washington is variable due to spatial variability in vertical land movement throughout 

the state. Western Washington sits on the western edge of the North American continental plate which 

is converging with the (subducting) Juan de Fuca oceanic plate. This subduction zone, commonly 

referred to as the Cascadia Subduction Zone, generates many of the region’s largest earthquakes and far 

more subtle, locally variable vertical land movement. The Olympic Peninsula is gradually uplifting, while 

Puget Sound including the Town of Coupeville gradually subsides (Newton et al., 2021). 

Sea Level Rise Projections for the Town 

The SLR scenarios chosen from this assessment include updated SLR projections for Washington State 

from the 2018 Washington Coastal Resilience Project (Miller et al., 2018). Compared to previous 

assessments (e.g., National Research Council, 2012) there are three distinguishing features of the new 

projections: 

 The projections were drawn from more recent comprehensive assessment of global and 

regional SLR (Kopp et al., 2014).  
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 The projections vary spatially and were developed for 171 locations along Washington’s coast 

based on differences in the rate of vertical land movement (uplift or subsidence) across the 

region.  

 The projections are probabilistic meaning that the likelihood (percent chance) that sea level will 

reach or exceed a certain level is presented. For example, if the 50% probability of exceedance 

for 2050 is 0.8 FT, that means that there is a 50% chance that SLR will be equal to or greater 

than 0.8 FT by 2050.  

The specific projections utilized in this assessment are shown in . All projections are associated with an 

RCP 8.5 or high emission scenarios for 2050 and 2100 (“Representative Concentration Pathways”; IPCC, 

2014; Figure 1). The current baseline, with no additional measures to cut emission or reduce impacts, 

lies between RCP 6.0 and RCP 8.5, therefore we use RCP 8.5 as a conservative estimate. We then opted 

to use the 50% and 1% probability of exceedance, or the percent chance that absolute sea level will rise 

by at least that amount. The 50% exceedance scenarios were chosen to analyze a moderate scenario, or 

a “likely” range. In contrast, the 1% exceedance scenarios were chosen to analyze a more extreme 

scenario, but lower likelihood.  

 

  

Figure 1. Projected relative sea level changes in feet relative to the average sea level from 1991-2009 for the Town 

of Coupeville and vicinity. From the UW Climate Impacts Ground online visualization tools2 based on the WCRP 

2019 report (Miller et al., 2018). 

 
2 https://cig.uw.edu/projects/interactive-sea-level-rise-data-visualizations/ 
 

https://cig.uw.edu/projects/interactive-sea-level-rise-data-visualizations/
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To assess the vulnerability of SLR on the Town, we chose to model inundation during an extreme coastal 

water level event relative to MHHW. We settled on the use of maximum historic non-tidal residual (NTR) 

modeled for the Town which is 2.7 FT (Yang et al., 2020). The NTR is defined as the instantaneous 

difference between the measured water level and predicted astronomical tide. Put more simply, the 

NTR is storm surge or the increased water level during storms from a combination of strong winds and 

lower atmospheric pressure. These current conditions provide a baseline to compare future extreme 

coastal water level conditions.  

Table 2. SLR scenarios and their components were utilized in this study.  

SLR Scenario (RCP 8.5) Current MHHW 
(FT NAVD88) 

SLR 
Projection 

(FT) 

Max NTR 
(Storm 

Surge) (FT) 

Inundation Height (FT 
NAVD88) 

2050 Mod (50%) 

9.07 

0.8 

2.7 

12.57 

2050 High (1%) 1.9 13.67 

2100 Mod (50%) 2.4 14.17 

2100 High (1%) 5.4 17.17 

A previous Puget Sound-wide SLR vulnerability analysis (Coastal Geologic Services et al., 2022) modeled 

SLR inundation during a modeled 20-year storm (2.9 FT; Miller et al., 2019). However, those data 

estimated a single value for the entire Puget Sound region whereas the modeled NTR values were 

spatially variable based on 38 years (1980-2016) of hourly water level records at four Puget Sound tidal 

stations – Neah Bay, Seattle, Port Townsend, and Tacoma. Consequently, we felt that using the modeled 

NTR provided a more localized estimate of the effects of storms on water levels along the Town. 

Additionally, even though we are incorporating the maximum storm surge, we are modeling it at MHHW 

which is not the maximum atmospheric tidal elevation, and we did not include waves or wave runup. 

Thus, the combination of MHHW and storm surge here is still not the most extreme water level scenario 

for the Town’s shore and should be thought of as a large, but not a record, storm event. By not assessing 

the “worse-case scenario” we identify assets that are more likely to be flooded at lower water levels 

(i.e., not just historic events). Additionally, while the likelihood of a maximum storm surge event 

coinciding with water levels above MHHW is possible (e.g., the December 27, 2022 event), historically 

this is uncommon.  

The inundation (flooding) extents mapped for this study were generated by applying a “bathtub model” 

or “single-value surface model” whereby digital elevation data (LiDAR) and tidal surfaces were used to 

create future shorelines representing different SLR projections. This type of mapping has only two 

variables, the inundation level and the ground elevation with the upland slope being the controlling 

variable. The elevation dataset utilized in this study was the 2014 digital terrain map from Island County 

which has a 3-foot resolution and a reported accuracy of less than 15 cm3 (Figure 2). The final inundation 

(flooding) height for each scenario is shown in  (above). 

 
3http://pugetsoundlidar.ess.washington.edu/lidardata/restricted/nonpslc/island2014/Island_County_LiDAR_Repor
t.pdf 

http://pugetsoundlidar.ess.washington.edu/lidardata/restricted/nonpslc/island2014/Island_County_LiDAR_Report.pdf
http://pugetsoundlidar.ess.washington.edu/lidardata/restricted/nonpslc/island2014/Island_County_LiDAR_Report.pdf
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Figure 2. Topographic data (LiDAR) utilized in this study from Island County, 2014.  

Overwater structures (building on pilings or seawalls) in the Town, mostly located in the downtown 

wharf area, were analyzed differently as the elevation of these buildings are not captured in the 

topographic (LiDAR) dataset. We assumed that all other buildings had the same elevation as the ground 

level as the majority of houses within Coupeville are not built on pilings, however we could not assume 

the same for the overwater structures. Therefore, we conducted a separate survey to find the buildings’ 

bottom floor elevation to use in this analysis. Elevations were measured by first measuring the height 

from the building floor elevation above the water surface using a laser rangefinder. The average of three 

shots were used for each measurement and the time that each building elevation was measured was 

recorded. The building floor elevation was defined as the top of the concrete seawall structure for 

buildings built on bulkheads and as the bottom of the horizontal support beams for buildings built on 

pilings as illustrated in Figure 3. Heights above the water surface were then added to the NOAA tide 

prediction for Coupeville and corrected based on the recorded tide in Port Townsend at the same time. 

These final elevations were converted from MLLW to NAVD88 using NOAA’s V-Datum software and are 

shown in Map 6.   

 
Figure 3. Example of locations used for building floor elevation measurements, showing a structure built with a 

concrete seawall (left) and a structure on pilings (right).  
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Once each inundation polygon for both moderate and high SLR scenarios across the two planning 

horizons (2050 and 2100) was created, we applied spatial queries to identify potentially at-risk assets 

within each inundation polygon. This identified and highlighted areas that are exposed to inundation 

from SLR. 

Coastal Recession Assessment  

Coastal response to SLR has been a complex area of research in the field of coastal geomorphology since 

the 1960s (Bruun, 1962). More recently, the widespread acceptance of the acceleration of SLR and 

anthropogenic climate change by scientists has led to concern worldwide. Planners and managers in 

coastal countries are developing a wide range of approaches to address these issues. Leatherman (1990) 

and Cooper and Pilkey (2007) 

stressed that understanding 

shoreline response to SLR is 

essential to inform policy makers, 

the coastal management 

community, and stakeholders 

(Defeo et al., 2009). Figure 4 shows 

how future water levels impact the 

bluff recession. Higher SLR would 

act to erode the bluff toe, causing 

landslides and overall bluff 

recession.  

Figure 4. Bluff recession from higher water levels (Coastal Geologic Services and WWU Spatial Institute, 2017).  

Analysis of coastal recession incorporating SLR along the Town entailed the following major steps: 

1. Digitize the shoreline and bluff crest from the most recent topographic dataset (LiDAR). 

2. Delineate shoreline reaches with similar characteristics (shoretype, geology etc.) along 

the Town’s shore. 

3. Estimate the historic erosion rate for each shoreline reach. 

4. Project the future position of the shore by integration of the vertical change in SLR and 

historic (background) erosion rates for each shoreline reach. 

5. Create erosion vulnerability polygons for both moderate and a high SLR scenarios across 

the two planning horizons (2050 and 2100). 

6. Apply spatial queries to identify assets within each polygon. 

The shoreline and bluff crest were digitized (mapped) using GIS and LiDAR imagery. LiDAR (Light 

Detection and Ranging) is a remote sensing method that produces a model of a topographic surface with 

vegetation and structures removed to represent the “bare earth.” The bluff crest was digitized using a 

break line at the greatest change in relief (from high to low slope) that was closest to the shoreline. 

Figure 5 displays a screen capture of the digitizing process. In low lying areas that were not bluff backed, 

the most waterward backshore bank crest was instead digitized.  
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Figure 5. Screen capture of bluff crest digitizing process with LiDAR (top), slope map derived from LiDAR in degrees 

from horizonal (middle), and 2020 aerial imagery (bottom) for reference.  
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Individual Reach Descriptions  

The study area was delineated into eight contiguous reaches of shoreline for use in the erosion analysis 

(Map 7, Table 3). The reaches are numbered from west to east (1-8) and their lengths range from 

approximately 400 – 3,220 FT. Reaches were delineated based on discontinuities in the characteristics 

along the shore. These mainly include shoretype and geology, but also factor in wave fetch (overwater 

distance over which winds generate waves), modeled wave height, and the shoreline orientation. 

Additionally, we quantified the percent of the reaches’ shoreline that was armored4.These reaches differ 

from the DNR’s ShoreZone segments for the area somewhat due to their specific utility in this study. 

Figures 6-13 show aerial oblique imagery of sections of each reach from 2016 (WDOE), however 2020 

oblique imagery of the Town is also publicly available from the County5. The following summarizes the 

characteristics of each reach.  

Table 3. Shoreline reaches and their major characteristic for shore recession analysis and estimated current 

recession rate. Dominant shoretype is identified in bold font where several were present. Shoretype, fetch, 

armoring, and orientation data from Coastal Geologic Services, 2017. Wave height from Yang et al., 2019. Geology 

from Polenz et al., 2005. 

Reach Shore-
type* Geology Fetch 

(miles) 

Wave 
Height 

(FT) 

Armoring 
% Orientation 

Recession 
Rate 

(FT/YR) 

1 FB, TZ 

Qgt(v), Qu, Qdgm(e), Qts 

– Till, glacial and non-

glacial deposits, 

continental glacial drift, 

mass wasting  

2.4-11.5 1.37 12% NW, N -0.13 

2 TZ 
Qdgm(e) – continental 

glacial drift 
11.4 1.24 77% N -0.08 

3 FB, TZ 
Qdgm(e) - continental 

glacial drift 
5.6-11.4 1.27 15% N -0.13 

4 TZ Qf – Fill/modified land 3.4-4.1 1.27 88% NNE -0.08 

5 FB, TZ 

Qgdm(els)? – Mass 

wasting deposits, 

historical slump area 

3.3-4 1.27 92% NW -0.13 

6 FB 
Qdgm(e) - continental 

glacial drift 
6.6-11.5 1.32 17% NW, N -0.13 

7 AS Qb – beach deposits 11.1-11.3 1.17 15% NNE -0.08 

8 FB, 

TZ, AS 

Qts, Qmw, Qgom(e) – 

mass wasting deposits, 

continental glacial drift 

5.4-8.2 1.0 0% N, NNW -0.13 

*FB = Feeder Bluff; TZ = Transport Zone; AS = Accretion Shoreform 

 
4 Shoreline armoring is the practice of using physical hard structures (typically engineered) to protect shorelines 
from coastal erosion. These may include revetments, seawalls, riprap, bulkheads etc. and can be composed of a 
variety of material such as rocks, wood pilings, concrete, and vinyl sheets.  
5 https://gisaerial.islandcountywa.gov/viewer/ 

https://gisaerial.islandcountywa.gov/viewer/
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Reach 1 – Reach 1 begins at the western Town boundary and extends 3,220 FT until it reaches 225 FT 

west of the Coupeville wharf (Map 7 and Figure 6). Reach 1 is characterized by forested bluffs and mixed 

sediment beaches with a tide flat. From west to east the upland topography decreases in gradient and 

the backshore areas widen. The bluff is composed of Everson Interstade glaciomarine drift overlying 

Pleistocene continental glacial till and undifferentiated Pleistocene sediment (Polenz et al., 2005). At the 

eastern end of the reach, the bluff was mapped as late Pleistocene to Holocene landslide deposits. The 

slope stability of the bluff was mapped as “unstable” and was also “unstable recent slide” along the 

eastern one third of the reach (WDOE, 1979). The entire uplands were mapped as “stable.” 

Approximately 12% of the shoreline was mapped as armored and there are no structures (buildings) 

down at the beach (Coastal Geologic Services, 2017).  

 
Figure 6. Reach 1 oblique imagery from 2016 (WDOE, 2016).  

Reach 2 – Reach 2 begins 225 FT west of the wharf and extends east for 875 FT (Figure 7). It is an urban 

shoreline and includes several overwater structures built over the intertidal and the Coupeville wharf. 

These structures are some of the oldest in Coupeville and as they are built over the intertidal, they alter 

natural sediment dynamics along this shore. The vast majority of the shore along this reach has been 

modified from original conditions with approximately 77% mapped as armored (Coastal Geologic 

Services, 2017). The bank is relatively low (15-25 FT) and comprised of slowly eroding bank with low to 

moderate vegetation cover (Figure 7). The bank material was mapped as Everson Interstade 

glaciomarine drift (Polenz et al., 2005); however, older mapping characterized the geology as Vashon till 

(WDOE, 1979). The slope stability was mapped as “stable” throughout the entire reach (WDOE, 1979). 

Sediment moves alongshore (net shore-drift) to the east throughout this reach, with no considerable net 

loss or gain of sediment, making it a transport zone (Johannessen and Chase, 2005; Keuler, 1988).  
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Figure 7. Reach 2 oblique imagery from 2016 (WDOE, 2016).  

Reach 3 – Reach 3 begins 560 FT east of the wharf pier and extends east for 1,588 FT (Map 7) and 

consists of a steep low elevation bank (<25 FT in height), which decreases height toward the east (Figure 

7). The majority of the bluff face is vegetated with discrete eroded bluff sections that span the bluff 

height in places as well as bluff toe erosion areas and was mapped as having ‘stable’ slope stability 

(WDOE, 1979). The reach is mapped as a feeder bluff with sections of transport zone. There are two 

structures on the waterward side of Front Street – one on the west end of the reach near the bluff crest 

and one at the central portion of the reach on the beach (Figure 8). The surficial geology continues as 

Everson Interstade glaciomarine drift (Polenz et al., 2005); however, again older mapping characterized 

the geology as Vashon till (WDOE, 1979). Net shore-drift continues to the east. There is a small amount 

of mapped armoring which equates to 15% of the reach.  

 
Figure 8. Reach 3 oblique imagery from 2016 (WDOE, 2016).  

Reach 4 – Reach 4 encompasses the modified shore along the Wastewater Treatment Plant and Captain 

Thomas Coupe Park (Figure 9). The bank is low elevation at less than 10 FT in height. The majority of the 

shoreline is armored (88%) mostly with a riprap revetment and the boat ramp in the central portion of 

the reach, thereby altering the natural sediment dynamics. Thomas Coupe Parks contains a filled area 

which was constructed between 1957 and 1968 based on historical aerial photos.  
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Figure 9. Reach 4 oblique imagery from 2016 (WDOE, 2016).  

Reach 5 – Reach 5 measured 1,205 FT in length (Map 7). On the west side of the reach, within the limits 

of Captain Thomas Coupe Park, the bank is low (<20 FT) and mostly vegetated with a steep rock wall 

(bulkhead) at the bluff toe (Figure 10). The bank then lowers in the elevation to the east with a mix of 

rock revetment and vertical wood pile walls. The bank height then increases with a low sloping bank that 

is vegetated with mostly grasses lined with a vertical wood wall. At the farthest east side of the reach 

there is an overwater structure that sits on top of a vertical wood wall with some mature vegetation on 

the bank surrounding it. The surficial geology of the reach was mapped as landslide deposits that lacked 

evidence of recent activity, which can be seen readily in the LiDAR imagery (Figure 2; Polenz et al., 

2005).  

 
Figure 10. Reach 5 oblique imagery from 2016 (WDOE, 2016).  

Reach 6 – Reach 6 measured 1,348 FT in length and wraps around Lovejoy Point (Map 7). The bluffs are 

moderately high (<70 FT) and show obvious signs of significant erosion across the reach (Figure 11). The 

surficial geology was mapped as Everson Interstade glaciomarine drift (Polenz et al., 2005). The WA 

State Coastal Zone Atlas mapped this section of bluff as stable, but more recent mapping by the (WDNR, 

2001) classified this reach as erosive. Moderately mature vegetation exists in patches on the bluff face 

and along the bluff crest, while significant areas of the bluff face are unvegetated. There are no 

overwater structures and very little shore armor, however a few homes are relatively close to bluff crest 

(<30 FT) off NE Leisure Street.  
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Figure 11. Reach 6 oblique imagery from 2016 (WDOE, 2016).  

Reach 7 – Reach 7 measured 1,508 FT in length and is distinctly different than the adjacent western 

reaches (Map 7). It is comprised of a broad low elevation backshore fronted by an accretion beach 

(Figure 12). The upland topography adjacent to the shore is quite low elevation with approximately five 

buildings in this low-lying area and a small amount of armor (15%). This reach was mapped as being 

composed of beach deposits, however, there has been considerable clearing and filling of this low-lying 

area for development.  

 
Figure 12. Reach 7 oblique imagery from 2016 (WDOE, 2016).  

Reach 8 – Reach 8 composes the last 2,848 FT of the eastern Town shoreline (Map 7). This reach is 

characterized by high (>175 FT tall) steep bluffs that are heavily forested with development near the 

bluff crest (Figure 13). The slopes were mapped as unstable (WDOE, 2016) and observations show 

discrete areas of landslides that extend the entire height of bluff as well as several large slumps from 

mid-bluff height. Toe erosion of colluvium and bluff material was evident through much of the reach. 

The surficial geology of the reach was mapped as Late Pleistocene to Holocene mass wasting and 

landslide deposits (Polenz et al., 2005). The shoreline has not been modified and is in a relatively pristine 

state except for some clearing of vegetation near the top of the bluff.  
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Figure 13. Reach 8 oblique imagery from 2016 (WDOE, 2016).  

 

Historic Recession Rates 

The terms “bluff recession” and “erosion” are sometimes used interchangeably, however recession is 

the net landward movement of the landform due to both erosion and mass wasting (landslides) and is 

expressed as a horizontal change in distance. Landward recession is expressed as a negative number 

(Coastal Geologic Services, 2018).  

Long-term bluff recession rates were compiled and analyzed by CGS as part of a recent project for the 

Estuary and Salmon Restoration Program (ESRP) (Coastal Geologic Services, 2018). The bluff recession 

rate dataset includes 185 long-term bluff recession rates from throughout the region that were 

measured across several decades: ranging from 23 to 101 years. Recession rates were measured using 

two different approaches: historical air photo analysis in GIS and field-based measurements from 

government survey monuments to the bluff crest or toe. Two bluff recession rates measurement sites in 

this database were along Penn Cove. These rates were -0.13 FT/YR at the west end of Penn Cove and      

-0.21 FT/YR on the north shore of Penn Cove directly across from the Town. For context, the average 

recession rate for the Sound-wide long-term bluff recession project was -0.29 FT/YR, which varied on 

average by 0.21 FT/YR across the bluffs sampled.  

We also queried the entire bluff recession database to find sites with similar characteristics to the Town, 

which is detailed below: 

 Feeder Bluff or Transport Zone, north shore orientation, no bedrock geology, bluffs <200 FT tall, 

no “very high fetch” category (>15 miles) – Average = -0.22 FT/YR (32 sites) 

 Transport Zones only, north shore orientation, no bedrock geology, bluffs <200 FT tall, no very 

high fetch category – Average = -0.16 FT/YR (11 sites) 

 Feeder Bluffs only, north shore orientation, no bedrock geology, bluffs <200 FT tall, no very high 

fetch category – Average = 0.26 FT/YR (21 sites) 

These recession rates likely overestimate average recession rates in Puget Sound due to the 

measurement methods applied and sites chosen for that project.  

Additionally, CGS completed recession rates analysis for Island County in 2021 along a stretch of bluff on 

the north shore of Penn Cove, directly north of the Town (Coastal Geologic Services, 2021). Vertical 

imagery shore change analysis yielded an average bluff recession rate of -0.13 FT/YR between 1977 and 
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2019, with a range of -0.03 FT/YR to - 0.30 FT/YR. This site was along a feeder bluff with relatively similar 

exposure to wave energy (fetch) to most of the Town’s shore.  

Based on these measurements, historic recession rates were estimated for each reach based on the 

most similar nearby measured recession rates, overall averages, and best professional judgement (Table 

3). Reaches where the dominant shoretype was feeder bluff (Reaches 1, 3, 5, 6, 8) were given a rate of    

-0.13 FT/YR and reaches where the dominant shoretype was transport zone (Reaches 2, 4, 7) were given 

a rate of -0.08 FT/YR.  

It is important to note that typically, aerial photos and maps are collected and reviewed to analyze 

recession trends and document the historic configuration of the bluff. However, the entire bluff crest 

along the Town is vegetated and therefore mapping of the bluff crest to quantify recession for this study 

was not possible. Additionally, the north facing bluff is in shadows in most photos and the bluff toe is 

often obscured by vegetation, structures, or shadows. Another way we estimate recession rates is by 

comparison of topographic data (LiDAR). There are two topographic datasets available for the Town 

from 2014 and 2005, however the resolution for the 2005 dataset (6 FT) is too low to allow for 

reasonable comparisons.  

Future Recession Rates 

Accelerated recession rates due to SLR were calculated using an equation well-cited in peer reviewed 

literature (Ashton et al., 2011). Research conducted by Ashton et al. (2011) and Walkden and Hall (2011) 

documented a strong relationship between SLR rate and bluff recession rate. SCAPE (Soft-Cliff and 

Platform Erosion) simulations run across a wide range of model parameter space including variations in 

wave height, period, tidal range, and rock strength revealed that a simple expression could be used to 

relate the rate of SLR and the equilibrium recession rate (Ashton et al. 2012, Walkden and Dickson 

2008). This equation was used to predict future recession based on future rates of SLR:  

ε2 = ε1√
S2

S1
        Equation 1   

Where (ε2) is the future recession rate and (ε1) is the current recession rate, and the prior and future 

rates of SLR are S1 and S2, respectively. To produce accurate model outputs this model requires 

continuous SLR rates. Therefore, we fit a linear model to provide SLR rates at the 1-year time interval. 

For the prior SLR rate, we used the observed rate from NOAA’s Port Townsend tide gauge station of 1.19 

mm/YR or 0.0039 FT/YR. 

Shoreline armor was not accounted for since it was assumed that shore protection would not entirely 

preclude profile adjustment, as wave-induced erosion is not typically the only driver of bluff erosion 

(Johannessen and MacLennan, 2007). Additionally, most shore armor in the Town limits does not appear 

to be well engineered, is quite old, and was also not engineered to function with significant SLR.  

Recession Vulnerability Zones 

Recession vulnerability zones were then generated as buffers that extended landward of the bluff 

crest/shoreline based on the respective projections and planning horizons. A 20-FT buffer recession 

zone past the projected 2100 bluff crest/shoreline was created, as assets within 20 FT of the bluff crest 

or shoreline are likely threatened by recession due to unpredictable location, size of landslides, and 
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uneven coastal erosion. These zones were then used to spatially query the assets to establish which 

assets would be threatened by recession across the two planning horizons (2050 and 2100) for each SLR 

scenario.  

Results 
Coastal Flooding Assessment 
Inundation (flooding) extents were mapped for each SLR scenario (moderate and high) and for each 

planning horizon (2050 and 2100) across the Town (Map 8). These show the probable extent of 

inundation with storm surge during MHHW water levels, but do not include waves or wave runup. These 

data show very little significant inland flooding of the Town due to the relief of most of the Town’s 

shore. Discrete areas do show flooding such as the wastewater treatment plant, Captain Thomas Coupe 

Park, and the NE Moore Place and NE Parker Road low lying community in the eastern side of the Town. 

The downtown and wharf area does show flooding of overwater structures in Map 8, however as 

discussed previously, this area required supplemental data from the topographic dataset (LiDAR) in this 

area to accurately assess the overwater buildings’ bottom floor elevation.  

Using the inundation extents shown in Map 8, we identified the number of buildings, length of roads, 

length of utility lines, and area of parks and community assets within each inundation extent shown in 

Tables 4-7. The impacted assets are also mapped in Maps 9-14. Overall, the main parts of Town will 

likely not be significantly impacted by direct inundation. However, as we describe in the next section, 

several assets within the Town are instead exposed to indirect SLR impacts.  

Coastal Recession Assessment 
Future recession rates due to SLR were calculated and used to measure bluff recession distance from 

the mapped bluff crest for each reach category (feeder bluff or transport zone dominant), SLR scenario, 

and planning horizon detailed in Appendix A.  

The results show that for feeder bluff dominant reaches (Reaches 1, 3, 5, 6, 8), projected shore 

recession rates increased incrementally to -0.24 FT/YR by 2050 in the moderate SLR scenario, and -0.37 

FT/YR with the high SLR scenario. This equates to a cumulative bluff recession distance of the bluff crest 

of approximately -7.1 FT and -9.8 FT for moderate and high SLR scenarios, respectively. For 2100, 

recession rates for the feeder bluff reaches were up to -0.28 FT/YR for the moderate SLR scenario and -

0.41 FT/YR for the high SLR scenario. That brings the cumulative bluff recession distance to -18.2 FT and 

-24.2 FT from the 2014 position for the moderate and high SLR scenarios, respectively.  

For transport zone dominant reaches (Reaches 2, 4, 7), projected shore recession rates increased to       

-0.18 FT/YR by 2050 with the moderate SLR scenario and -0.23 FT/YR with the high SLR scenario. This 

equates to -5.0 FT and -6.1 FT of landward recession by 2050 for the moderate and high scenarios, 

respectively. For the 2100 planning horizon, the recession rates increase to -0.17 FT/YR and -0.26 FT/YR 

for the moderate and high scenarios. These rates result in approximately -11.1 FT and -15.2 FT of 

landward recession for the 2050 and 2100 scenarios.  

The four cumulative landward recession distances for each of the scenarios and planning horizons were 

then used to create the recession zone buffers (Maps 15 and 16). We also included a 20 FT buffer from 

the 2100 high scenario in our analysis, because assets within 20 FT of the bluff crest were projected also 

to be vulnerable. Using the buffers shown in Maps 15 and 16, we identified the length of roads, number 
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of buildings, area of parks and community assets, and length of utility lines within each buffer shown in 

Tables 4-7. The impacted assets are also mapped in Maps 17-23.  

Table 4. Length in feet of road vulnerable to inundation and/or erosion associated with each SLR scenario 

(moderate, high) and planning horizon (2050, 2100) in the Town of Coupeville. Road lengths are tallied by the 

scenario/planning horizon during which they are initially threatened and the scenarios that preceded them.  

Threat type 2050 Mod 2050 High 2100 Mod 2100 High 2100 High+ 
Erosion Buffer 

Inundation 323 414 589 636 - 

Recession 1,006 1,521 3,279 4,243 6,421 

Both 51 53 54 60 - 

Total  1,277 1,882 3,814 4,819 6,421 

 

Table 5. Number of structures vulnerable to inundation and/or erosion associated with each SLR scenario 

(moderate, high) and planning horizon (2050, 2100) in the Town of Coupeville. The number of historic structures is 

shown in parenthesis (and are included in the total presented). Structures are tallied by the scenario/planning 

horizon during which they are initially threatened and the scenarios that preceded them. 

Threat type 2050 Mod 2050 High 2100 Mod 2100 High 2100 High+ 
Erosion Buffer 

Inundation 7 (4) 11 (6) 12 (6) 20 (10) - 

Recession 18 (12) 18 (12) 20 (14) 22 (14) 36 (18) 

Both 4 (3) 6 (5) 6 (5) 10 (8) - 

Total  21 (13) 23 (13) 26 (15) 32 (16) 36 (18) 

 

Table 6. Area (square feet) of parks and community assets vulnerable to inundation and/or erosion associated 

with each SLR scenario (moderate, high) and planning horizon (2050, 2100) in the Town of Coupeville. Inundated 

areas for the parks and community assets include areas only above MHHW. Areas are tallied by the 

scenario/planning horizon during which they are initially threatened and the scenarios that preceded them. 

Threat type 2050 Mod 2050 High 2100 Mod 2100 High 2100 High + 
Erosion Buffer 

Inundation 33,024 41,978 49,535 63,799 - 

Recession 8,868 12,323 24,230 31,858 53,365 

Both 1,300 2,094 4,126 6,911 - 

Total  40,593 52,207 69,640 88,746 53,365 
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Table 7. Length in feet of utility lines vulnerable to inundation and/or erosion associated with SLR scenarios 

(moderate, high) and planning horizons (2050, 2100) in the Town of Coupeville. Lengths are tallied by the 

scenario/planning horizon during which they are initially threatened and the scenarios that preceded them. 

Utility type Threat type 2050 Mod 2050 High 2100 Mod 2100 High 
2100 High + 

Erosion 
Buffer 

Water Lines 

Inundation 145 195 344 349 - 

Recession  69 157 250 440 2,329 

Both 0 0 0 4 - 

Total  214 352 594 784 2,329 

Sewer Lines 

Inundation 0 1 1 4 - 

Recession 360 857 1,415 2,070 4,719 

Both 0 1 1 4 - 

Total  360 857 1,415 2,070 4,719 

Stormwater 
Lines 

Inundation 24 30 33 50 - 

Recession 214 296 366 441 769 

Both 24 30 33 50 - 

Total  214 296 366 441 769 

Stormwater 
Ditches 

Inundation 0 0 0 0 - 

Recession 0 0 66 197 869 

Both 0 0 0 0 - 

Total  0 0 66 197 869 

Total Length Impacted  788 1,505 2,441 3,492 8,686 

 

Sensitivity Results  
The sensitivity of the individual asset types and of specific assets that are of critical importance to the 

Town are assessed in this section. This assessment was completed using the quantitative data amassed 

in this study (see Tables and Maps) along with qualitative knowledge and information on the assets, the 

latter of which is limited. We plan to solicit more information on specific asset sensitivity during the 

stakeholder and public meetings to add rigor to this assessment from local expert knowledge.  

The following table details the asset analysis to characterize sensitivity of each asset class to SLR-related 

hazards.  
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Table 8. Asset sensitivity descriptions within the Town. 

Asset/Asset Class Impact Assessment  Sensitivity  

Non-Historic 
Buildings 

Buildings can be easily damaged by even infrequent exposure to water and 

erosion/slope instability. However, relocation or elevation of structures is 

possible in some instances and is becoming more common in coastal 

areas (Kinney et al., 2021; Lester et al., 2022). Additionally, impacts to 

specific buildings may not affect a large number of people in the Town. 

Moderate 

Historic Buildings 

Historic buildings are much less likely to be easily relocated or elevated 

due to age, construction type, and condition. In some cases, the potential 

damage may be limited to the lower floor, some of which do not appear to 

be highly utilized along Front Street. However, the structural floor beams 

and joists may be threatened by SLR and storm waves, such that severe 

damage is possible. Also, these buildings have cultural/historical value and 

impacts to these building may affect the Town/more people than non-

historic or residential buildings.  

High 

Critical 
Infrastructure – 
Wastewater 
Treatment Plant 

Several factors contribute to the high sensitivity rating of the wastewater 

treatment plant, some of which are summarized here. The facility is part of 

an interconnected network, so impacts on one part of the facility could lead 

to impacts in other parts as well as the conveyance systems (utility lines). 

The asset would be very expensive to repair or replace. The plant is in a 

fixed location with likely very limited ability to relocate without completely 

rebuilding. The facility is not surrounded by a berm or levee to protect it 

from high water and storms as some treatment plants are. There are also 

likely sensitive mechanical and electrical components in the system which 

could be easily damaged by saltwater. Lastly, the facility services most of 

the residents with the Town limits and so impacts would affect many 

people.   

High 

Roads 

Roads can be easily impacted by repeated water exposure and coastal 

erosion and/or slope instability. This includes undermining the stability of 

coastal bluffs and the roadway fill that appears to be present in some 

locations. However, roads can be realigned or changed to one lane, as 

occurred in the past with a portion of Front Street. Also re-route or detour 

options are available (which may require new access driveways). Roads 

serve the entire public, so impacts could affect many people. Road 

relocation can be very costly; therefore, funding constraints contribute to 

the sensitivity of the asset. 

Moderate 

Utilities 
(Stormwater, 
Water, Sewer) 

Even though many of these assets are located underground and protected 

from some direct impact of SLR, impacts can be multiple and cumulative. 

Direct erosional forces may also damage these utilities. Water, storm, and 

sewer lines are not easily moved, and relocating is very costly. Much like 

the wastewater treatment plant, impacts to these assets can affect a large 

number of people in the Town. Over 30% of the Town’s sewage flows 

down Front Street to the treatment plant, which is in close proximity to the 

bluff crest. 

Inflow into stormwater lines from excess stormwater or high tides can back 

up conveyance systems temporarily. Additional flow into the system can 

reduce a system’s ability to convey water. Raising groundwater levels with 

SLR may also have impacts to the system functionality such as increasing 

infiltration and decreasing the capacity. There may also be reduced access 

to utilities due to rising seas, high tides, and/or storms.  

High  
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Parks & 
Community Assets 

Potential impacts to the parks are largely on intermittent loss of lower 

elevation land area but this may include built amenities, which may hinder 

or prevent safe public access. Impacts on more natural areas such as the 

forested bluff within the Town Park are of less concern to the park as a 

whole as these areas were likely designated for habitat preservation and 

passive recreation. The boat ramp, ramp to the dock, and the floating dock 

at Thomas Coupe Park may also be threatened with SLR and waves, 

which are considered emergency access points Impacts to beach access 

and boat ramp and dock at each of the park parcels should be further 

evaluated on a site-specific basis in the future. Generally, impacts to these 

assets may affect many recreational users, however besides the boat 

ramp, they are not seen as essential to the functionality of the Town as a 

whole.  

Low, 

Thomas 

Coupe boat 

ramp 

Moderate 

Vulnerability Results  
Results of the exposure and sensitivity analyses from above were assessed together along with our 

understanding of the role and function of these assets to the Town and its inhabitants. Due to the 

sensitivity of asset categories and specific critical assets in the shoreline area as outline in Table 8 above, 

asset categories were assigned overall vulnerability ratings. To summarize the overall vulnerability of 

assets we chose to show the percentage of the assets (number, length, or square footage) exposed to 

flooding or shore recession for the 2050 moderate and 2100 high scenarios within the 200 FT shoreline 

buffer (Table 9 and 10). The 2050 moderate results highlight the assets that are most vulnerable to SLR, 

and will be the first to experience impacts. The 2100 high results highlight assets that will be affected 

only by higher amounts of SLR, and these are shown as a conservative assessment for long-term 

planning purposes. Three asset categories were assigned a high overall vulnerability rating. These 

include the historic buildings, roads, and sewer lines. The basis for the high vulnerability rating is 

described below.  

Table 9. Asset class vulnerability for 2050 moderate scenario. Percentages relate to the percentage of the assets 

within the 200 FT shoreline buffer that are exposed to flooding or shore recession in the 2050 moderate scenario.  

Asset Class Flood 
Exposure  

Recession 
Exposure Sensitivity  Vulnerability 

All Buildings (#) 6.7% 17.3% Moderate Low 

Historic Buildings (#) 8.5% 25.5% High High 

Critical Infrastructure – Wastewater 
Treatment Plant (#) 0% 0% High Low 

Roads (FT) 1.4% 3.6% Moderate Moderate 

Footpaths (FT) 5% 17.0% Low Moderate 

Utilities 

(FT) 

Water Lines 1.8% 0.9% High Low 

Sewer Lines 0% 4.0% High High 

Storm Lines 0.6% 5.7% High Low 

Storm Ditch 0% 0% High Low 

Parks & Community Assets (SF) 15.4% 4.1% Low 

Low, Thomas 

Coupe boat ramp 

Moderate 
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Table 10. Overall asset class vulnerability for 2100 high scenario. Percentages relate to the percentage of the 

assets within the 200 FT shoreline buffer that are exposed to flooding or shore recession in the 2100 high scenario 

for flood exposure and in the 2100 high scenario recession buffer.  

Asset Class Flood Exposure  Recession 
Exposure Sensitivity  Vulnerability 

All Buildings (#) 19.2% 34.6% Moderate Moderate 

Historic Buildings (#) 21.3% 38.3% High High 

Critical Infrastructure 
– Wastewater 
Treatment Plant (#) 

86.0% 14.0% High Moderate 

Roads (localized) (FT) 2.8% 49.5% Moderate Highest 

Footpaths (FT) 9.7% 59.7% Low Moderate 

Utilities 
(FT) 

Water Lines 4.0% 29.3% High Moderate 

Sewer 
Lines 0% 52.9% High High 

Stormwater 
Lines 1.3% 20.4% Moderate Moderate 

Stormwater 
Ditch 0% 42.6% Moderate Low 

Parks & Community 
Assets (SF) 29.8% 24.9% Low 

Low, Thomas 

Coupe boat ramp 

Moderate 

Basis for the High Overall Vulnerability Ratings 

Historic Buildings – There are 47 historic structures within the 200 FT shoreline buffer in the Town. Of 

these, it is projected that 4 buildings will be impacted by flooding and 12 impacted by shore recession by 

2050 during the moderate (likely but SLR could exceed these levels) scenario. This totals 13 buildings as 

3 are threatened by both flooding and shore recession. By 2100 for the more severe high SLR scenario, 

10 historic structures will be impacted by flooding and 14 by shore recession, with a total of 16 

threatened buildings.  

If we include the 20 FT erosion/recession buffer, another 4 structures are exposed to shore recession, 

bringing the total to 18 historic structures. The vast majority of these structures are within the 

downtown area as shown in Maps 9 and 17. The historic buildings were rated as highly sensitive because 

they are old, very difficult to relocate, and have historical and cultural value. Given the high sensitivity 

and the fact that several are expected to be impacted in the nearer term (25%) and up to almost 40% in 

the long term, the historic buildings are given a high vulnerability score.  

Roads – There are just over 12,000 FT of roads in the Town within the 200 FT shoreline buffer which 

includes approximately 4,300 FT of footpaths (sidewalk and paths). A very small length of roads is 

expected to be exposed to flooding within the Town with only up to 2.8% of total length by 2100 for the 

high scenario and 9.7% of total length for footpaths, since most roads are higher in elevation on the 

bluff. The two areas that are projected to flood are the boat ramp and service road at Captain Thomas 

Coupe Park and the wharf (Map 10).   
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On the other hand, many roads are currently in close proximity to the bluff crest (Map 18). By 2050 with 

the moderate scenario, approximately 4% of the total road length and 17% of footpath length is 

predicted to be impacted or threatened by shore recession. By 2100 for the high scenario, 

approximately 50% of the roads and 60% of the footpaths are within the recession zone including the 20 

FT buffer. The two main roads that are threatened are NW Madrona Way and NE Front Street. Given the 

high exposure to shore recession, the importance of these roads to the Town, and the time and expense 

to relocate or repair these roads and associated infrastructure, the overall vulnerability score is the 

highest for all assets analyzed in this study.  

Sewer Lines – There are almost 9,000 FT of sewer lines within the 200 FT buffer in the Town. Many of 

them, including the approximately 1,000 FT long sewer main along Front Street, are located very close 

to the bluff crest making them vulnerable to future shore recession. A small length of the sewer lines is 

vulnerable to recession with the 2050 moderate scenario (4%), however the vulnerable length increases 

to just over half (53%) with the 2100 high scenario within the 20 FT recession buffer. Sewer lines were 

given a high sensitivity due to the required continuity of the lines, the number of people that they serve, 

and the difficulty of relocation. Because of the sensitivity of sewer lines and the results showing that 

over 50% may be threatened by the end of the century, the overall sewer line vulnerability score is high. 

More detailed or updated mapping of the sewer lines may modify this assessment.  

Conclusions 
The Town of Coupeville Sea Level Rise Vulnerability assessment is an important step for the Town to 

prepare for SLR and its impacts. The results of this assessment provide a foundation for adaption 

planning at the local level which can limit the damage caused by SLR and reduce the long-term costs of 

responding to climate-related impacts, which are expected to become more frequent and intense over 

the coming decades. The Town plans to develop a formal SLR adaptation plan report as one of their next 

steps.  

This assessment found that the impacts of direct flooding from SLR are limited while indirect impacts of 

SLR from shore recession are more widespread along the Town’s shores. The three most vulnerable 

asset classes within the Town were found to be the roads, the historic buildings, and the sewer lines. 

Many of the roads are in very close proximity to the bluff crest, and therefore have very little margin for 

significant bluff crest recession from landslides and ongoing erosion. The historical buildings are 

threatened by flooding as some of them, including structural floor beams, are quite low as well as from 

bluff recession and slope instability that could affect the portion of the buildings founded on the bluffs. 

Many sewer lines are also in close proximity to the bluff and are very sensitive because impacts to this 

asset can affect a large number of people and the utilities are difficult and expensive to relocate. The 

wastewater treatment plant is also vulnerable to SLR because it is low lying and has a high sensitivity. 

Even though the treatment structures are not projected to be threatened by direct flooding during the 

2050 scenarios, it is important to start planning adaptive measures soon to protect this asset because it 

is so critical to the Town. Adaptive measures could include constructing a protective berm and/or 

enhancing the adjacent shore armor, however a detailed feasibility assessment of the plant would need 

to be conducted.  

Adaption planning typically involves addressing the most important and vulnerable assets first, such as 

those listed as high in the vulnerability section, which are generally at the lowest elevation or closest to 
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the bluff crest along an eroding bluff. Many previous assessments in the region have only addressed 

areas that are vulnerable to coastal flooding and not bluff/bank recession. By estimating inundation 

extents and future recession, assets were more comprehensively prioritized within the Town. Further 

assessment that considers the engineering needs of addressing modifications to these high vulnerability 

assets would be a logical next step.  

Future assessments of assets within the Town could benefit from more site-specific data. This includes 

data such as outfall elevations along the bluff, more detailed utility mapping, survey grade bluff crest 

and toe mapping, and the conditions of assets.  

Adaptive Management Options 
Here we summarize typical management options that are utilized along shorelines within Puget Sound 

to prevent or lessen flooding and erosion, as well as provided habitat benefit in some cases. These 

management techniques are described in more detail in the Marine Shoreline Design Guidelines report 

(Johannessen et al., 2014) and are summarized here. These are provided here to give a sense of possible 

options for the Town when thinking about sea level rise vulnerability, however detailed and site-specific 

assessments, including engineering designs and permitting in most cases, are needed prior to 

implementation. It is important to note that due to the physical characteristics of the Town’s shore, 

passive management options such as structure relocation and elevation, vegetation, and drainage 

management will likely be the most effective and feasible approaches. Many of these techniques are 

typically used in combination.  

 Passive Management Techniques – Practices that help manage some type of erosion or flooding 

without using engineered approaches. These techniques have fewer impacts to beach processes 

and habitat and can be less expensive than highly engineered shore protection techniques. 

Structure relocation or elevation techniques are becoming much more common in Puget Sound 

(Kinney et al., 2021) and while having potentially high upfront costs, they provide peace of mind 

benefits and do not typically warrant other costs down the line. These techniques should be 

considered when evaluating alternatives for managing erosion or flooding on a property and 

include: 

o Surface and groundwater management 

o Vegetation management  

o Relocation or elevation of infrastructure  

 Beach Nourishment – Also referred to as beach replenishment or beach feeding, is the natural 

or artificial supply of sand or gavel to a beach. Locally, gravel beach nourishment has been 

referred to as “constructing a protective berm” by early practitioner Wolf Bauer. Beach 

renourishment typically refers to the resupplying of nourishment material at a previously 

nourished beach where some of the placed sediment has eroded. Reestablishing broad beach 

profiles can act to buffer against wave attack and mitigate erosion of the upper beach and 

backshore areas. Beach nourishment is not advised where site conditions require frequent 

renourishment (<10 years).  

 Large Wood – Large wood placement designs typically consist of large tree trunks with and 

without rootwads that are designed to add structure and complexity in order to diminish wave 

induced erosion of the landward shore. Large wood placement can be used in combination with 
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beach nourishment or vegetation to raise the elevation of the backshore to diminish wave 

induced erosion as well. The strategic placement of large wood can be designed to achieve 

many objectives including: enhanced shoreform structure, reduce shoreline recession rates, and 

enhance marine riparian ecotone, aquatic productivity, and/or habitat complexity. Large wood 

can be placed singly or in groups, partially buried and/or anchored, or simply placed on top of 

beach substrate.  

 Reslope-Revegetation – Bank or bluff resloping (or recontouring) and revegetating consists of 

reducing or lowering the gradient of the slope in order to increase its stability and subsequently 

plant at the site, preferably with native riparian vegetation. The addition of vegetation reduced 

surface erosion by intercepting precipitation and inhibiting surface water runoff, creating a root 

network to reduce erodibility of surface soils, and improving soil drainage through aeration and 

evapotranspiration. Planting can be applied to an existing bank or one which has been resloped.  

 Hard Armor – In the Puget Sound region the terms ‘bulkhead’, ‘revetment’, ‘rockery’, ‘riprap’, 

and ‘seawall’ are commonly used for hard armor structures. These are used as shore protection 

to stop erosion or flooding. Implementation of hard armor has become increasingly expensive 

and difficult to permit due to observed and documented negative ecologic and geomorphic 

impacts directly resulting from hard armor techniques (Shipman et al., 2010) and should only be 

used if an alternatives analysis determined that hard armor is necessary and the only feasible 

alternative.  

Limitations of This Report  
This report was prepared for the specific conditions present at the subject study area to meet the needs 

of the Town of Coupeville. No one other than the client and their agents should apply this report for any 

purposes other than those originally contemplated without first conferring with the authors of this 

report. The report does not reflect detailed examination of sub-surface conditions present in the project 

area, or detailed engineering drawings or designs for assets, which are not all known to exist. The 

findings and recommendations presented in this report were reached based on available data and the 

methods described above. Conditions may change at the site due to human influences, floods, 

groundwater changes, and other factors.  
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Map 20. Sewer lines within the Town of Coupeville threatened by shore recession under four SLR scenarios. 
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scenarios. 
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Appendix A 
Table 11. Predicted recession rates and recession distances for feeder bluff and transport zones reaches from 2014 

– 2050 along the Town of Coupeville. Future recession rates were estimated using Ashton et al., 2011.  

 Feeder Bluff Transport Zone 

Year Mod 
FT/YR 

High 
FT/YR 

Mod 
Recession 

FT 

High 
Recession 

FT 

Mod 
FT/YR 

High 
FT/YR 

Mod 
Recession 

FT 

High 
Recession 

FT 
2014 -0.14 -0.16 -0.14 -0.14 -0.09 -0.10 -0.10 -0.10 

2015 -0.15 -0.17 -0.29 -0.31 -0.09 -0.10 -0.19 -0.20 

2016 -0.15 -0.17 -0.44 -0.48 -0.10 -0.11 -0.28 -0.31 

2017 -0.15 -0.18 -0.59 -0.66 -0.10 -0.11 -0.38 -0.42 

2018 -0.15 -0.18 -0.74 -0.84 -0.10 -0.11 -0.49 -0.53 

2019 -0.16 -0.19 -0.90 -1.03 -0.10 -0.12 -0.59 -0.64 

2020 -0.16 -0.19 -1.06 -1.22 -0.11 -0.12 -0.70 -0.76 

2021 -0.16 -0.20 -1.22 -1.42 -0.11 -0.12 -0.81 -0.89 

2022 -0.16 -0.21 -1.39 -1.63 -0.11 -0.13 -0.92 -1.02 

2023 -0.17 -0.21 -1.55 -1.84 -0.11 -0.13 -1.03 -1.15 

2024 -0.17 -0.22 -1.73 -2.06 -0.12 -0.13 -1.15 -1.28 

2025 -0.17 -0.22 -1.90 -2.28 -0.12 -0.14 -1.27 -1.42 

2026 -0.18 -0.23 -2.07 -2.51 -0.12 -0.14 -1.39 -1.56 

2027 -0.18 -0.24 -2.25 -2.75 -0.12 -0.15 -1.51 -1.71 

2028 -0.18 -0.24 -2.43 -2.99 -0.13 -0.15 -1.64 -1.86 

2029 -0.18 -0.25 -2.62 -3.23 -0.13 -0.15 -1.77 -2.01 

2030 -0.19 -0.25 -2.80 -3.49 -0.13 -0.16 -1.90 -2.17 

2031 -0.19 -0.26 -2.99 -3.75 -0.13 -0.16 -2.03 -2.33 

2032 -0.19 -0.26 -3.18 -4.01 -0.14 -0.16 -2.17 -2.49 

2033 -0.19 -0.27 -3.38 -4.28 -0.14 -0.17 -2.31 -2.66 

2034 -0.20 -0.28 -3.58 -4.56 -0.14 -0.17 -2.45 -2.83 

2035 -0.20 -0.28 -3.77 -4.84 -0.14 -0.18 -2.59 -3.01 

2036 -0.20 -0.29 -3.98 -5.13 -0.15 -0.18 -2.74 -3.19 

2037 -0.21 -0.29 -4.18 -5.42 -0.15 -0.18 -2.89 -3.37 

2038 -0.21 -0.30 -4.39 -5.72 -0.15 -0.19 -3.04 -3.55 

2039 -0.21 -0.31 -4.60 -6.03 -0.15 -0.19 -3.19 -3.74 

2040 -0.21 -0.31 -4.81 -6.34 -0.16 -0.19 -3.35 -3.94 

2041 -0.22 -0.32 -5.03 -6.66 -0.16 -0.20 -3.50 -4.14 

2042 -0.22 -0.32 -5.25 -6.98 -0.16 -0.20 -3.66 -4.34 
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2043 -0.22 -0.33 -5.47 -7.31 -0.16 -0.20 -3.83 -4.54 

2044 -0.22 -0.33 -5.69 -7.64 -0.17 -0.21 -3.99 -4.75 

2045 -0.23 -0.34 -5.92 -7.98 -0.17 -0.21 -4.16 -4.96 

2046 -0.23 -0.35 -6.15 -8.33 -0.17 -0.22 -4.33 -5.18 

2047 -0.23 -0.35 -6.38 -8.68 -0.17 -0.22 -4.50 -5.39 

2048 -0.23 -0.36 -6.62 -9.04 -0.18 -0.22 -4.68 -5.62 

2049 -0.24 -0.36 -6.85 -9.41 -0.18 -0.23 -4.86 -5.84 

2050 -0.24 -0.37 -7.09 -9.78 -0.18 -0.23 -5.04 -6.07 

 
Table 12. Predicted recession rates and recession distances for feeder bluff and transport zones reaches from 2014 

– 2100 along the Town of Coupeville. Future recession rates were estimated using Ashton et al., 2011.  

 Feeder Bluff Transport Zone 

Year Mod 
FT/YR 

High 
FT/YR 

Mod 
Recession 

FT 

High 
Recession 

FT 

Mod 
FT/YR 

High 
FT/YR 

Mod 
Recession FT 

High 
Recession FT 

2014 -0.14 -0.15 -0.14 -0.15 -0.08 -0.09 -0.08 -0.09 

2015 -0.14 -0.15 -0.28 -0.29 -0.09 -0.09 -0.17 -0.18 

2016 -0.14 -0.15 -0.42 -0.45 -0.09 -0.09 -0.26 -0.28 

2017 -0.14 -0.15 -0.56 -0.60 -0.09 -0.10 -0.35 -0.37 

2018 -0.14 -0.16 -0.71 -0.76 -0.09 -0.10 -0.43 -0.47 

2019 -0.15 -0.16 -0.85 -0.92 -0.09 -0.10 -0.52 -0.57 

2020 -0.15 -0.16 -1.00 -1.08 -0.09 -0.10 -0.62 -0.67 

2021 -0.15 -0.17 -1.15 -1.25 -0.09 -0.10 -0.71 -0.77 

2022 -0.15 -0.17 -1.30 -1.42 -0.09 -0.11 -0.80 -0.88 

2023 -0.15 -0.17 -1.46 -1.59 -0.09 -0.11 -0.89 -0.99 

2024 -0.15 -0.18 -1.61 -1.77 -0.09 -0.11 -0.99 -1.10 

2025 -0.16 -0.18 -1.77 -1.95 -0.10 -0.11 -1.08 -1.21 

2026 -0.16 -0.18 -1.93 -2.13 -0.10 -0.11 -1.18 -1.32 

2027 -0.16 -0.19 -2.09 -2.32 -0.10 -0.12 -1.28 -1.44 

2028 -0.16 -0.19 -2.25 -2.50 -0.10 -0.12 -1.38 -1.56 

2029 -0.16 -0.19 -2.41 -2.70 -0.10 -0.12 -1.48 -1.68 

2030 -0.16 -0.19 -2.57 -2.89 -0.10 -0.12 -1.58 -1.80 

2031 -0.17 -0.20 -2.74 -3.09 -0.10 -0.12 -1.68 -1.92 

2032 -0.17 -0.20 -2.91 -3.29 -0.10 -0.13 -1.78 -2.05 

2033 -0.17 -0.20 -3.08 -3.49 -0.10 -0.13 -1.89 -2.17 

2034 -0.17 -0.21 -3.25 -3.70 -0.10 -0.13 -1.99 -2.30 
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2035 -0.17 -0.21 -3.42 -3.91 -0.11 -0.13 -2.10 -2.43 

2036 -0.17 -0.21 -3.60 -4.12 -0.11 -0.13 -2.20 -2.57 

2037 -0.18 -0.22 -3.77 -4.34 -0.11 -0.14 -2.31 -2.70 

2038 -0.18 -0.22 -3.95 -4.56 -0.11 -0.14 -2.42 -2.84 

2039 -0.18 -0.22 -4.13 -4.78 -0.11 -0.14 -2.53 -2.98 

2040 -0.18 -0.23 -4.31 -5.01 -0.11 -0.14 -2.64 -3.12 

2041 -0.18 -0.23 -4.49 -5.23 -0.11 -0.14 -2.75 -3.26 

2042 -0.18 -0.23 -4.68 -5.47 -0.11 -0.15 -2.86 -3.41 

2043 -0.19 -0.23 -4.86 -5.70 -0.11 -0.15 -2.98 -3.56 

2044 -0.19 -0.24 -5.05 -5.94 -0.11 -0.15 -3.09 -3.71 

2045 -0.19 -0.24 -5.24 -6.18 -0.12 -0.15 -3.21 -3.86 

2046 -0.19 -0.24 -5.43 -6.42 -0.12 -0.15 -3.33 -4.01 

2047 -0.19 -0.25 -5.62 -6.67 -0.12 -0.16 -3.44 -4.17 

2048 -0.19 -0.25 -5.82 -6.92 -0.12 -0.16 -3.56 -4.32 

2049 -0.20 -0.25 -6.02 -7.17 -0.12 -0.16 -3.68 -4.48 

2050 -0.20 -0.26 -6.21 -7.43 -0.12 -0.16 -3.80 -4.64 

2051 -0.20 -0.26 -6.41 -7.69 -0.12 -0.16 -3.92 -4.81 

2052 -0.20 -0.26 -6.61 -7.95 -0.12 -0.17 -4.05 -4.97 

2053 -0.20 -0.27 -6.82 -8.22 -0.12 -0.17 -4.17 -5.14 

2054 -0.20 -0.27 -7.02 -8.48 -0.12 -0.17 -4.29 -5.31 

2055 -0.21 -0.27 -7.23 -8.76 -0.13 -0.17 -4.42 -5.48 

2056 -0.21 -0.27 -7.43 -9.03 -0.13 -0.17 -4.55 -5.65 

2057 -0.21 -0.28 -7.64 -9.31 -0.13 -0.17 -4.67 -5.83 

2058 -0.21 -0.28 -7.85 -9.59 -0.13 -0.18 -4.80 -6.00 

2059 -0.21 -0.28 -8.07 -9.87 -0.13 -0.18 -4.93 -6.18 

2060 -0.21 -0.29 -8.28 -10.16 -0.13 -0.18 -5.06 -6.36 

2061 -0.22 -0.29 -8.49 -10.45 -0.13 -0.18 -5.19 -6.55 

2062 -0.22 -0.29 -8.71 -10.74 -0.13 -0.18 -5.33 -6.73 

2063 -0.22 -0.30 -8.93 -11.04 -0.13 -0.19 -5.46 -6.92 

2064 -0.22 -0.30 -9.15 -11.34 -0.13 -0.19 -5.59 -7.11 

2065 -0.22 -0.30 -9.37 -11.64 -0.14 -0.19 -5.73 -7.30 

2066 -0.22 -0.31 -9.60 -11.95 -0.14 -0.19 -5.86 -7.49 

2067 -0.23 -0.31 -9.82 -12.25 -0.14 -0.19 -6.00 -7.68 

2068 -0.23 -0.31 -10.05 -12.57 -0.14 -0.20 -6.14 -7.88 

2069 -0.23 -0.31 -10.28 -12.88 -0.14 -0.20 -6.28 -8.08 
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2070 -0.23 -0.32 -10.51 -13.20 -0.14 -0.20 -6.42 -8.28 

2071 -0.23 -0.32 -10.74 -13.52 -0.14 -0.20 -6.56 -8.48 

2072 -0.23 -0.32 -10.98 -13.84 -0.14 -0.20 -6.70 -8.69 

2073 -0.24 -0.33 -11.21 -14.17 -0.14 -0.21 -6.85 -8.89 

2074 -0.24 -0.33 -11.45 -14.50 -0.14 -0.21 -6.99 -9.10 

2075 -0.24 -0.33 -11.69 -14.83 -0.15 -0.21 -7.14 -9.31 

2076 -0.24 -0.34 -11.93 -15.17 -0.15 -0.21 -7.28 -9.53 

2077 -0.24 -0.34 -12.17 -15.51 -0.15 -0.21 -7.43 -9.74 

2078 -0.24 -0.34 -12.41 -15.85 -0.15 -0.22 -7.58 -9.96 

2079 -0.25 -0.35 -12.66 -16.20 -0.15 -0.22 -7.73 -10.18 

2080 -0.25 -0.35 -12.91 -16.54 -0.15 -0.22 -7.88 -10.40 

2081 -0.25 -0.35 -13.16 -16.90 -0.15 -0.22 -8.03 -10.62 

2082 -0.25 -0.35 -13.41 -17.25 -0.15 -0.22 -8.18 -10.84 

2083 -0.25 -0.36 -13.66 -17.61 -0.15 -0.23 -8.33 -11.07 

2084 -0.25 -0.36 -13.91 -17.97 -0.15 -0.23 -8.49 -11.30 

2085 -0.26 -0.36 -14.17 -18.33 -0.16 -0.23 -8.64 -11.53 

2086 -0.26 -0.37 -14.42 -18.70 -0.16 -0.23 -8.80 -11.76 

2087 -0.26 -0.37 -14.68 -19.07 -0.16 -0.23 -8.96 -11.99 

2088 -0.26 -0.37 -14.94 -19.44 -0.16 -0.24 -9.12 -12.23 

2089 -0.26 -0.38 -15.20 -19.82 -0.16 -0.24 -9.27 -12.47 

2090 -0.26 -0.38 -15.47 -20.20 -0.16 -0.24 -9.43 -12.71 

2091 -0.27 -0.38 -15.73 -20.58 -0.16 -0.24 -9.60 -12.95 

2092 -0.27 -0.39 -16.00 -20.97 -0.16 -0.24 -9.76 -13.20 

2093 -0.27 -0.39 -16.27 -21.35 -0.16 -0.25 -9.92 -13.44 

2094 -0.27 -0.39 -16.54 -21.75 -0.16 -0.25 -10.08 -13.69 

2095 -0.27 -0.39 -16.81 -22.14 -0.17 -0.25 -10.25 -13.94 

2096 -0.27 -0.40 -17.08 -22.54 -0.17 -0.25 -10.42 -14.19 

2097 -0.28 -0.40 -17.36 -22.94 -0.17 -0.25 -10.58 -14.45 

2098 -0.28 -0.40 -17.64 -23.34 -0.17 -0.26 -10.75 -14.70 

2099 -0.28 -0.41 -17.91 -23.75 -0.17 -0.26 -10.92 -14.96 

2100 -0.28 -0.41 -18.19 -24.16 -0.17 -0.26 -11.09 -15.22 

 
 


