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Summary 
 
Sea level rise will exacerbate coastal hazards like flooding and erosion on Washington State’s 
shorelines. In this paper we examine trade-offs associated with various coastal management options 
that are likely to be considered for Washington’s shorelines as sea level rises. Specifically, we 
qualitatively assess the costs, effectiveness, and social and ecological implications of four different 
types of coastal management approaches: 
 

• Hard defensive structures: Protecting infrastructure, homes or land from flooding or erosion 
by building hard shoreline structures. These can include bulkheads, seawalls, revetments, or 
dikes depending on their design or primary purpose (i.e., controlling flooding versus erosion).  

• Soft shore stabilization: Protecting infrastructure, homes or land from coastal flooding or 
erosion with soft shore stabilization techniques. Soft shore stabilization techniques include 
designs built with natural materials that are intended to replicate features of natural shorelines. 
Soft shore stabilization techniques can, in some circumstances, reduce risk from erosion and 
coastal flooding as sea level rises, without some of the social and ecological costs of hard 
defensive structures.  

• Accommodation: Accommodation approaches encompass a range of techniques designed to 
decrease the impacts of flooding when it occurs. Accommodation techniques include elevating 
homes, floodproofing to keep living areas dry, or raising critical systems (heating and electrical, 
for example) above flood heights.  

• Retreat and avoidance: Retreat and avoidance strategies manage erosion and flooding by 
removing or avoiding the development of homes or infrastructure from present or future 
hazardous zones along the shoreline. Retreat and avoidance strategies are sometimes 
associated with steep political hurdles and costs but are effective at reducing risk from coastal 
hazards and may also be the most cost-effective of the options over long timeframes.  

 
Based on our analysis, we conclude that all four types of approaches can be effective at reducing risk 
from coastal flooding, though the duration of that effectiveness varies. Only the retreat and avoidance 
strategies reduce risk in perpetuity as sea level rises. All approaches except accommodation can 
reduce risks associated with erosion. Each approach provides effectiveness at varying costs, and for 
varying durations, as sea level rises. Additionally, the social and ecological implications of each 
category of approach varies. Notably, we find evidence that suggests hard defensive structures are 
associated with rising costs and reduced risk reduction as sea level rises.  Additionally, we find that the 
first three types of approaches, which are all designed to keep infrastructure in potentially hazardous 
zones, carry with them a variety of long-term and potentially hidden costs that we frame as 
“maladaptation.” This maladaptation risk should be carefully weighed when considering any of the first 
three types of approaches.  
 
The initial analysis of trade-offs associated with coastal management options provided in this paper is 
the first of its sort written specifically for audiences in coastal Washington and with sea level rise as its 
focus. There are economic, social, and ecological costs and implications for any the four approaches 
considered in this report, including for hard defensive structures, which our experience suggests is 
often perceived as a ‘go to’ solution to increasing erosion or flooding.   We conclude, though, that 
defaulting to defensive approaches to protect homes and infrastructure in place does not always 
provide the most effective risk reduction and may not be cost-effective over the life of the structure. This 
paper, however, is not comprehensive, and we also identify and summarize gaps in our knowledge that 
can help direct future research on this important subject. Our hope in publishing this report is that it will 
contribute to maintaining ecologically productive, aesthetically pleasing, culturally meaningful and 
economically rich shorelines for generations to come in Washington State.   
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Table 1. Summary results table. Effectiveness, financial, ecological and social implications, and maladaptation risk of four 
different types of coastal risk reduction approaches. 

 Hard Defensive 
Structures  

Soft Shore 
Techniques 

Accommodation  Retreat or Avoidance 

Ef
fe

ct
iv

e
n

e
ss

 

Can be effective at 
reducing erosion and may 

reduce flood risk on 
certain properties if 

designed appropriately 
for changing conditions.  
Effectiveness, though, 

may be limited and short-
lived as sea level rises. 

Can reduce erosion and/or 
flooding, but effectiveness 
requires further study. Soft 
shore techniques are not 

appropriate in all 
circumstances. As sea level 

rises, may be capable of 
some “self-adaptation” to 

changing conditions. 

Recognized as an effective 
way to reduce risk from 
episodic flooding. The 

effectiveness of 
accommodation in the 

future will depend on how 
and when sea level rise 

impacts occur. 

Effective at reducing risks 
from erosion and flooding 
now and as sea level rises. 
Evidence suggests that it 

can be the most cost-
effective option in some 

cases, especially over long 
timeframes. 

Fi
n

an
ci

al
 

Im
p

li
ca

ti
o

n
s Installing new armor may 

incur a significant upfront 
cost. Sea level rise may 
require more expensive 

designs or increase 
maintenance costs. 

Generally, less expensive 
than hard armor 

alternatives, but these 
projects may incur 

additional permitting costs 
or longer timelines. Also 

generally require 
specialized consulting for 

proper project design. 

Costs vary considerably 
depending on technique, 
and additional costs for 

permitting and other work 
may also arise. Some 

accommodation strategies 
may help reduce flood 
insurance premiums. 

Often associated with 
large upfront costs, but 

studies suggest that 
retreat and avoidance can 

result in long-term cost 
savings. Retreat options 
such as home relocation 

may incur additional costs 
(e.g., permitting costs, 

utilities). 

So
ci

al
 Im

p
lic

at
io

n
s 

Can be associated with 
loss of beach access and 

impacts to aesthetics. 
Future demand for 

expanded armor may 
require significant 

coordination among 
neighbors or 

communities to install 
effective structures. 

Soft shore stabilization 
techniques can maintain or 

even enhance shoreline 
accessibility and 

aesthetics. Additional 
permitting costs or longer 

timelines can be 
frustrating for landowners. 

Accommodation 
techniques are already in 

use today, and may be 
more familiar to property 

owners, permitting 
agencies and contractors. 

Accommodation may 
allow property owners to 
remain on the coast for 
longer as sea level rises, 

thereby supporting 
community cohesion and 

well-being. 

Patchwork retreat and 
avoidance efforts can 

result in reduced 
community cohesion. 

Publicly funded buyouts 
may raise equity concerns 

amongst communities. 
There are potential legal 

challenges to 
implementing regulatory 

retreat strategies in 
Washington. 

Ec
o

lo
gi

ca
l I

m
p

lic
at

io
n

s 

Armor has demonstrated 
impacts to shoreline 

habitats and sediment 
transport processes. Sea 
level rise is expected to 
cause increased loss of 

coastal habitat on 
armored shorelines. 

Soft shore stabilization is 
less ecologically impactful 
than hard armor but may 
be more impactful than 

other approaches. 

Usually done within a 
building’s footprint, so it 
may avoid direct impacts 

to the shoreline 
environment. However, 

accommodation strategies 
may result in impacts 

associated with retaining 
sewage treatment or 

other services in areas 
exposed to flooding. 

Generally, maximize 
natural shoreline 

processes that allow 
coastal habitat to migrate 

landward as sea level 
rises. Retreat can also 

allow for restoration of 
previously impacted 

shorelines, such as by 
removing hard armor that 

is no longer needed. 

M
al

-
ad

ap
ta

ti
o

n
 

R
is

k?
 

Yes Yes Yes No 
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Introduction and Background 
Sea level is rising in coastal Washington State, and the rate of rise is almost certain to accelerate in the 
coming decades. By 2050, most of the coastal areas of Washington State are likely to experience 
average sea levels that are almost a foot higher than at present. By 2100, sea level in Washington 
State is likely to be two to three feet higher than it is at present, and the possibility of much larger 
magnitudes of change, perhaps as much as eight feet or more by 2100, cannot be discarded (Miller et 
al., 2018).  

 
Sea level rise will exacerbate 
coastal flooding and erosion. 
For example, the magnitude 
(Miller et al., 2019) and 
frequency (Vitousek et al., 
2018) of coastal flooding 
events (Figure 1) will 
increase as sea level rises. 
This effect is already 
observed in Seattle on Puget 
Sound, where minor coastal 
flooding has increased since 
1950 as sea level has risen 
(Sweet et al., 2018). Erosion 
of coastal beaches and bluffs 
is also very likely to 
accelerate as sea level rises 
(Glick et al., 2007; Limber et 
al., 2018), an impact that 
may already be observed on 
some shorelines (Romine et 
al., 2013). Intertidal habitats 
that are not eroded will be 
submerged if they are unable 
to migrate landward (Thorne 
et al., 2018).  

 
Washington State is vulnerable to flooding and shoreline erosion exacerbated by sea level rise. A 
recent assessment estimated that over 14,000 homes and structures in Washington State, with a 
current value of over 8 billion dollars, may be exposed to coastal flooding by 2050 (Climate Central and 
Zillow, 2018). An analysis conducted for San Juan County (MacLennan et al., 2013) found that sea 
level rise by 2050 could more than double the number of structures and road miles at risk from flooding 
or erosion. Changes to natural habitats as sea level rises (Glick et al., 2007), are likely to impact 
ecosystem services that human communities rely on. Adapting communities for sea level rise-related 
hazards will come at a cost (LeRoy and Wiles, 2019), but is more cost-effective than doing nothing 
(Diaz, 2016).  
 
Coastal decision-makers (a term that we use in this report to refer to shoreline property owners, 
shoreline community groups, local government officials and others) in Washington already deal with 
flooding and erosion (Figure 2), and shoreline armor is widespread on some of Washington’s coasts 

Figure 1.  Road inundation on Vashon Island during and extreme coastal water level 
event on 17 December 2012.  Photo by Greg Rabourn, King county. 



 

6 
 

(Figure 3). Armoring 
is present, for 
example, along 
approximately 27 
percent of Puget 
Sound’s shoreline 
(Habitat Strategic 
Initiative, 2018). As 
sea level rises and 
the risks to 
shoreline properties 
increase, it is likely 
there will be an 
increase in the 
pressure to build 
new shoreline 
defenses or expand 
or raise existing 
armoring. King 
County residents 
are already using 
sea level rise as 
justification for 
permit requests to 
build bigger 
bulkheads (Kollin 
Higgins, King County, personal communication). At the same time, other approaches for responding to 
flooding and erosion have been employed in coastal Washington State and elsewhere, including using 
soft shore stabilization techniques, accommodating flooding, and moving homes back from erosive 
shorelines (Washington Coastal Hazards Resilience Network, 2020). 
 
This paper reviews available literature to explore trade-offs associated with various shoreline response 
approaches, with a primary focus on how those trade-offs may change as sea level rises. We examined 
the effectiveness and costs of hard defensive approaches (i.e., bulkheads, revetments, dikes and 

seawalls) as compared to other sea level rise 
response strategies including “soft” shoreline 
stabilization, adapting infrastructure to reduce 
the impacts of flooding, or retreating or avoiding 
development along the shoreline. We focus not 
only on the financial costs of each response 
option, but also examine the impacts to 
ecosystem services and social values, like 
aesthetics. We also identify and summarize 
gaps in our knowledge that should be filled with 
future analysis. Our intention is to provide 
insights regarding how to manage Washington’s 
shorelines as sea level rises, and to assist 
those who will be making difficult decisions in 
the years ahead. Our hope is that Washington 
State residents continue to enjoy an 
ecologically productive, aesthetically pleasing, 
culturally meaningful and economically rich 
shoreline for generations to come.   

Figure 2.  an eroded road ends abruptly on the beach in North Cove, Washington.  July 2019 
photo by Ian Miller, Washington Sea Grant 

Figure 3.  Extensive armoring along the shoreline near Sequim, 
Washington.  August 2013 photo by Ian Miller, Washington Sea 
Grant. 
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Response Approaches for Washington’s Shorelines    

A variety of response approaches have been used on Washington State’s shorelines to reduce the 
risks associated with flooding and erosion (Washington Coastal Hazards Resilience Network, 2020). 
We will consider four of those: (1) hard defensive structures for reducing risks associated with erosion 
or flooding, (2) reducing the risk of erosion or flooding using soft shore stabilization techniques, (3) 
accommodation techniques that are designed to reduce the impacts of flooding, and (4) moving 
infrastructure and structures away from coastal hazard zones (Figure 4) or, for new development, 
planning to avoid those zones. We most frequently think of these approaches as being relevant only for 
developed shorelines, but this is not the case. As sea level rises these various response options may 
also be considered to manage flooding and erosion risks to natural habitats, recreational assets, or 

cultural 
resources.  
 
In the sections 
that follow, we 
utilize a 
literature review 
to examine 
benefits of each 
approach  
and the trade-
offs associated 
with financial 
costs, social 
implications, and 
impacts to 
ecosystem 
functions and 
services. In 
each section, 
the approach is 
defined, and 

then followed by an examination of three different factors: the effectiveness and financial implications of the 
approach, the social implications, and the ecological implications. Effectiveness and financial considerations 
of each approach are assessed together simply to acknowledge that they are tightly coupled: a less 
expensive seawall, for example, is unlikely to be as effective as a more expensive one at a given location. 
Through examining the social implications for each approach, we explore issues such as accessibility and 
aesthetics. Finally, each approach will have differing levels of impact to the environment.  
  
There is an important overlay associated with our analysis. Some risk is inevitably associated with living 
or building near shorelines, and a suite of existing management tools (e.g., floodplain building 
regulations and flood insurance) are designed to reduce or manage that risk. It is important to 
recognize that our current suite of tools, strategies, and approaches for dealing with flooding and 
erosion may not work as intended as the effects of climate change materialize. They may even have 
unintended negative consequences. The term maladaptation is applied to actions that may lead to 
increased risk of adverse outcomes, now or in the future (IPCC, 2018). These negative impacts may be 
the unintentional consequence of well-meaning but poorly planned actions taken to adapt to climate 
change but can also stem from decisions that deliberately prioritize short-term benefits over the long-
term needs of climate preparedness (IPCC, 2018; Noble et al., 2014).  
 
Consequences of maladaptation can take many forms. Maladaptive decisions may foreclose or 
complicate other adaptation strategies in the future, potentially making adaptation more costly in the 

Figure 4.  A home being removed from the shoreline in King County, as part of an ecosystem 
restoration project.  Photo by Greg Rabourn, King County. 
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long run. At the extreme, maladaptation can include actions that put more people in harm’s way (Noble 
et al., 2014). Consider this hypothetical example: A community invests in improving a seawall to reduce 
flooding. Restrictions on coastal development behind the seawall are relaxed, which encourages 
additional construction in the hazard zone. The seawall leads to a variety of negative consequences — 
habitat is impacted, maintenance is required, and access to the shoreline is reduced. When the seawall 
eventually is overtopped due to sea level rise, the development built because of the seawall is exposed 
to greater damage. Relying on the false security created by the seawall, the community made 
considerable associated development investments and has been less likely to consider other 
strategies, such as retreat or buyouts, because they are trying to protect the investments they have 
already made. 
 
The potential for maladaptation (and the consequences it can bring to people and property) should be 
considered in sea level rise planning. We raise the concept of maladaptation not to discourage people 
from taking adaptive actions, but to encourage thorough consideration of the available options, and 
their associated costs, as sea level rises.  

Approach 1: Hard Defensive Structures 

Hard defensive structures include a suite of constructed shoreline modifications typically made of metal, 
concrete, wood, rock, treated wood, packed earth or other hard materials that are designed to be fixed 
in place. Hard defensive approaches have been used extensively in coastal Washington for over a 
century to limit coastal flooding and erosion, or to protect filled areas (Carman et al., 2010). For 
example, over 27 percent of the shoreline of Puget Sound is currently treated with some form of 
shoreline “armor,” a term used colloquially in Puget Sound, and in the section below, to refer primarily 
to erosion-control structures like bulkheads and revetments (Johannessen et al., 2014).  
 
Hard defensive structures currently require approval and permitting at multiple levels of government 
(Carman et al., 2010), and new shoreline armor is actively discouraged in some jurisdictions in 

Figure 5.  Length of shoreline armor replacements, installations and removals in Puget Sound, by year, between 
2005 and 2018.  Modified using data provided by the Puget Sound Partnership, 2019. 
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Washington. Perhaps consequently, the construction rate of new shoreline armoring has slowed in 
Washington’s Puget Sound (Figure 5). 
 

Effectiveness and Financial Considerations 

On most shorelines, hard defensive structures can be designed to effectively reduce erosion over some 
period and are likely to be a viable option for reducing erosion under a future of rising sea level (Mills et 
al., 2018). Hard defensive structures can also reduce or eliminate backshore flooding on low-lying 
shorelands if built to an adequate elevation (National Research Council, 2014). Absent sea level rise, 
hard defensive structures can work effectively for longer periods of time, though maintenance, like 
nourishment or periodic repairs, may be required to keep shoreline armor structures functioning 
adequately (Galster and Schwartz, 1990; Figure 6).  

Hard defensive 
structures do not, 
though, eliminate 
the risk of erosion 
or backshore 
flooding. Shoreline 
armor, for 
example, may lead 
to erosion along 
the toe of the 
structure that can 
contribute to 
structural failure 
(Ruggiero, 2010). 
structures can also 
fail if exposed to 
conditions outside 
of their design 
specifications, for 
example during 
extreme storms 
(Thieler and 

Young, 1991), or with changing environmental conditions. There are limits, even absent of sea level 
rise, to the risk reduction 
services that hard defensive 
structures can provide (Figure 
7). Additionally, the 
effectiveness of hard defensive 
structures comes at a price. An 
analysis of project costs for a 
variety of types of shoreline 
treatments in Island County, 
Washington found that hard 
shoreline armor designs were 
generally more expensive than 
other alternatives (Côté and 
Domanski, 2019). 
 
Sea level rise may compromise 
the risk reduction services 
provided by hard defensive 
structures and increase 

Figure 6.  Cobble nourishment on Ediz Hook, Washington is placed approximately every 5 years to 
protect larger rip-rap material from undercutting.  February 2017 photo by Ian Miller, Washington 
Sea Grant. 

Figure 7.  A failing rip-rap structure near Fort Flagler is supplemented with an 
additional placement of quasi-temporary sandbags to reduce backshore flooding.  
May 2015 photo by Ian Miller, Washington Sea Grant. 
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construction and/or maintenance costs. Hard defensive structures are typically not built to be easily 
adapted or modified after construction, so their effectiveness may decrease as sea levels continue to 
rise (Sutton-Grier et al., 2015). Approaches that could make hard defensive structures on the shoreline 
more adaptable to sea level rise—such as modular designs that can be altered as conditions change—
have been proposed (Headland, 2013). Such approaches, though, may require additional space to 
implement, and add cost to the design and construction of the structures. Sea level rise is therefore 
likely to increase the costs of construction and maintenance associated with hard defensive structures 
(Grays Harbor Coastal Futures Project, 2018), even as their effectiveness and lifespans decrease. 
 

Social Implications 

Hard defensive structures along shorelines can lead to a loss of access to the beach, either because 
the beach fronting the structure is eliminated by coastal squeeze—a process by which intertidal 
habitats are lost when they are prevented from migrating landward as sea level rises—(Pontee, 2013), 
or because the structure needs to be built at a height that would preclude easy physical and visual 
access to the shoreline. This, in turn, may affect the value of coastal properties. Côté and Domanski 
(2019), for example, found that shoreline armor on individual parcels in Island County, Washington 
reduced property values in some cases, as compared to adjacent parcels without armor, due to 
reduced access to the shoreline and compromised aesthetics. Shoreline armoring also may increase 
the risk of shoreline erosion on neighboring properties (National Research Council, 2014). Such an 
effect could be exacerbated if rates of armoring increase as sea level rises, placing cost burdens on 
neighbors.  
 
Increasing coastal 
flood frequency and 
magnitude associated 
with sea level rise 
may also require 
larger hard defensive 
structures that cover 
multiple parcels. 
Flooding of an entire 
neighborhood may 
still occur, for 
example, if just one 
homeowner cannot or 
will not build their 
defensive structure 
high enough to 
account for sea level 
rise. In other words, a 
degree of 
cooperation, decision-
making and 
coordination may be 
necessary, which 
could require an 
additional investment 
of time, social capital 
and perhaps money 
from homeowners (Figure 8). 

Figure 8.  A soft shore engineered berm protects 15 parcels along a stretch of shoreline near 
Sequim, Washington.  This project requires collaboration and coordination between neighbors to 
fund, build and maintain the berm, providing a template for coordinated approaches that may be 
required as sea level rises.  August 2013 photo by Ian Miller, Washington Sea Grant. 
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Ecological Implications  

Shoreline armor is associated with the loss of large wood and wrack (drift seaweed that accumulates 
on beaches) from beaches, and a reduction in the abundance of intertidal invertebrates (Dethier et al., 
2016). If sea level rise leads to an increase in the number and extent of hard defensive structures along 
Washington’s coasts, these impacts to ecosystem structure and function would be expected to 
increase. Additionally, coastal squeeze will have the effect of further reducing the area of intertidal 
habitat available to support organisms that depend on those habitats. A modeling study focused on the 
beaches of Grays Harbor, Washington, for example, found that scenarios in which homeowners relied 
on hard defensive structures to protect their properties as sea level rose led to a large decline in the 
beach habitat utilized by razor clams (Grays Harbor Coastal Futures Project, 2018). 
 
Hard defensive structures can also interact with hydrodynamic processes along shorelines (i.e., waves 
and currents) in ways that can lead to adverse physical impacts to intertidal habitats, including scouring 
and erosion. Ruggiero (2010) notes that these physical impacts do not occur in all cases, and are not 
well understood, but seem to be related to the orientation and elevation of structures on the shoreline. 
In areas where these impacts do occur, they can lead to beach coarsening and narrowing, which would 
impact the habitat quality of the intertidal shoreline. Already there is some evidence that beaches in 
Puget Sound adjacent to shoreline armoring are narrower than nearby unarmored shorelines segments 
(Hacking et al., 2014). The expansion of hard defensive structures as sea level rises would presumably 
make those impacts more likely (Lamont et al., 2014).  

Approach 2: Protection with Soft Shore Techniques  

Soft shore techniques include a broad set of designs that are built with materials that replicate natural 
beaches, but still reduce risks from erosion and flooding (Sutton-Grier et al., 2015). In Washington 
State, soft shore techniques often refer to small beach nourishments, gravel berms, vegetation 
enhancement, and the structural use of large wood on the shoreline (Figure 9; Johannessen et al., 
2014). Soft shore techniques are generally viewed as being less ecologically damaging compared to 
hard defensive structures (Figure 10), and their use is encouraged in Washington State where some 
form of engineered risk reduction action is needed (Johannessen et al., 2014, Carman et al., 2010).  

 

 

Figure 9. A cobble 
“dynamic revetment”, 

with placed large 
wood, built along the 
shoreline near North 
Cove, Washington 
and designed to 
reduce erosion. 

Photo by Jackson 
Blalock, Washington 

Sea Grant. 
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Effectiveness and Financial Considerations 

Soft shore techniques generally cost one-third to one-half as much as shoreline armor alternatives 
(Lamont et al., 2014, Côté and Domanski, 2019; Table 2) per linear foot of shoreline. Additionally, 
homeowners in some locations in Washington State may be eligible for financial incentives to help 
implement soft shore techniques (e.g., Shore Friendly programs; Kinney, 2018). However, the 
effectiveness of soft shore techniques at reducing erosion or flood risk remains relatively poorly 
understood (Shipman, 2017), and soft shore techniques are not effective or appropriate in all 
circumstances (Johannessen et al., 2014).  

Figure 10. Before (left panel) and after (right panel) the removal of shoreline armor and implementation of soft shore 
techniques at Cornet Bay near Deception Pass on Whidbey Island. The presence of large wood, beach wrack and vegetation 
on the upper beach suggests removing the shoreline amor improved ecological function along this stretch of shoreline. August 
24, 2009 (left) and February 23, 2016 (right) photos by Hugh Shipman, Washington Department of Ecology.  

There are some encouraging signs, though, that suggest soft shore techniques can provide effective 
protection from erosion and flooding. Many soft shore projects constructed in Washington State have 
persisted for many years (Figure 11), and evidence is accumulating that they can provide cost-effective 
risk reduction services (Johannessen et al., 2014; Weiner et al., 2019).  
 

Soft shore techniques such as beach nourishment and log placement may also provide some 
advantages over hard armor as sea level rises. Some engineers report that sea level rise is considered 
in the design of soft shore projects, mostly by designing projects to be taller and wider (Johannessen et 
al., 2014; Lamont et al., 2014). Additionally, in a review of a variety of shoreline treatments, Lamont et 
al. (2014) found cost savings associated with soft shore projects relative to shoreline armor, even in 
instances in which sea level rise was considered in the design of the project. Given some soft shore 
techniques allow the project to deform and reform in response to natural processes, they may have a 
distinct advantage over hard defensive structures in an era of sea level rise, in that they can naturally 
move up and down the shoreline rather than be overtopped (Blenkinsopp et al., 2019). The projects, 
therefore, may be capable of some degree of self-adaptation to changing conditions (Sutton-Grier et al., 
2015).  
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Table 2. Comparison of characteristics of three residential shoreline treatments conducted in Puget Sound, Washington State. 

Modified From Côté and Domanski, 2019. 

 
Property 1 Property 2 Property 3 

New Shore 

Treatment 
Hard armor Hard armor Soft shore structure  

Previous Shore 

Treatment 
Hard armor Natural beach 

Mix of riprap and natural 

beach 

Aesthetic 

Condition 

and Shore 

Access 

No change: 3-4 foot 

vertical bulkhead 

between yard and 

beach. 

No change in access. 

Decreased:3-4 foot vertical 

bulkhead between yard and 

beach. 

Decreased shore access. 

Increased: Natural slope 

from yard to beach. 

Possibly increased 

shore access. 

Cost of Project $69,400 $57,447 $32,729 

 

Like all defensive approaches, soft shore techniques come with a maladaptation risk (Woodruff et al., 
2018). This risk was highlighted in a model-based study conducted for Grays Harbor County (Grays 
Harbor Coastal Futures Project, 2018), in which the policy options that emphasized in-place protection 
of structures, regardless of whether the protection was afforded by hard defensive structures or soft 
shore techniques, led to the biggest flooding risk to structures by the end of the century, especially for 
the worst sea level rise scenarios (i.e., highest future sea level).  
 

Social Implications 

Côté and Domanski (2019) found that soft shore techniques can reduce erosion risk while also 
maintaining or enhancing shoreline accessibility and aesthetics. Homeowners that have chosen soft 
shore techniques report that aesthetics and access are key elements in their satisfaction with the 
designs they have selected and built (Côté and Domanski, 2019). The accessibility benefit may persist 
as sea level rises. A study conducted for Grays Harbor County in Washington State found that beach 
accessibility was highest as sea level rises under policy scenarios that emphasize dune restoration and 
nourishment. Interestingly, in the model those same policy scenarios were implemented at a relatively 
low cost, providing a significant cost-benefit ratio for accessibility—much higher than other policy 
scenarios examined in the study (Grays Harbor Coastal Future Project, 2018). However, the relative 
novelty of soft shore techniques, coupled with the diversity of existing design concepts (Johannessen et 
al., 2014) may be obstacles to their permitting and construction in Washington State (Shipman, 2017). 
Some homeowners report frustration with the permitting process for projects incorporating soft shore 
techniques (Flynn and Flynn, 2019).  
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Ecological 

Implications 

Soft shore techniques are 
often promoted because 
they are viewed as being 
less ecologically impactful 
than hard defensive 
structures. There is some 
evidence to support the 
assumption that soft shore 
projects are less impactful 
ecologically relative to 
shoreline armor; and 
shoreline armor has been 
shown to have a variety of 
negative impacts on 
beach fauna (Dethier et 
al., 2016) and physical 
beach processes 
(Ruggiero, 2010). Soft 
shore techniques likely 
lessen many of those 
impacts (Johannessen et 
al., 2014). Lamont et al. 
(2014), Sutton-Grier et al. (2015), and Côté and Domanski (2019) classified the relative ecological 
impacts of various hard and soft shore stabilization approaches by comparing attributes of their 
designs. In all cases their results suggest that soft shore techniques are less ecologically impactful than 
hard defensive structures. In each case, though, the actual impacts of benefits on fauna or other 
ecosystem services were not directly measured. 

Approach 3: Adapting in Place - Accommodation 

Accommodation encompasses a suite of techniques that reduce flooding impacts to infrastructure 
through building or site modifications that can be utilized in industrial, commercial, and residential 
structures.  Options include elevating structures on piles or fill; extending the height of walls; 
floodproofing to keep water out of living areas; or elevating building systems such as electrical 
equipment or HVAC above flood heights (Figure 12; Federal Emergency Management Agency, 2014; 
New York City Department of City Planning, 2013).  

Figure 11.  A cobble berm installed in 1992 at a site on the north side of Orcas Island, 
Washington replaced shoreline armor.  This soft shore project has performed well since 
installation, providing erosion control and flood risk reduction at this site (Johannessen et al., 
2014).  2006 photo by Hugh Shipman, Washington Department of Ecology. 
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Figure 12. Illustration of accommodation techniques for new and retrofitted structures. Source: Inventory of Adaptive 
Strategies. Used with permission of the New York City Department of City Planning. All rights reserved.  

The applicability of these techniques varies depending on the type of structure and whether it is a new 
or a retrofit building. For example, it is much more feasible to elevate structures at the time of 
construction than it is to raise them later, especially for large commercial and industrial facilities (New 
York City Department of City Planning, 2013). The feasibility of elevating an existing structure may 
depend on several factors, including the size and footprint of the building, its position on a parcel and 
impacts to adjacent properties, the type and condition of the foundation, the structural integrity of the 
building, any historic designation of the structure, and the aesthetic context of the neighborhood or 
community (Louisiana Office of Cultural Development, 2014). By contrast, modifying or moving flood-
sensitive building systems (e.g., electrical panels, heating compressors) is a strategy that may be more 
feasible for many homeowners or building managers. These actions can be part of a retrofit or can be 
incorporated in the design of new structures from the outset (New York City Department of City 
Planning, 2013; Urban Green Council, 2013).  
 

Effectiveness and Financial Considerations 
 
Accommodation techniques are used to reduce damage from episodic flooding and are recognized as 
an effective way to reduce flood risk to properties (Federal Emergency Management Agency, 2014). 
However, costs range widely across different accommodation techniques. Wet floodproofing (allowing 
water to pass under or through a structure) is generally the least expensive option for new construction 
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or retrofits, while dry floodproofing (keeping water from entering a structure) is typically more costly. 
Elevating an existing structure is typically more expensive than either of the two floodproofing options 
and property owners may incur additional costs for permitting, foundation work, and utilities (Côté and 
Domanski, 2019). Elevating a new structure may increase construction costs due to the need for pile 
driving or importing fill material, but may also lead to cost savings by eliminating the need for a 
foundation. 

 

Elevating building 
systems may or may not 
be cost-effective relative 
to other protection or 
accommodation options, 
depending on the size of 
the building and the 
complexity of its 
systems. In some cases, 
it can be less costly to 
protect the systems in 
place through 
floodproofing than to 
move them (New York 
City Department of City 
Planning, 2013).  
 

Accommodation 
techniques may offer 
some insurance 
benefits. The Federal 
Emergency 
Management Agency 
(FEMA) defines areas at 
risk of coastal flooding 

and certifies Flood Insurance Rate Maps delineating those areas (Federal Emergency Management 
Agency, 2005). Under the National Flood Insurance Program (NFIP), properties in some mapped flood 
zones are required to have flood insurance and to follow FEMA construction and development 
standards. Where flood insurance is a significant cost to property owners, accommodation techniques 
may offer a way to reduce risk and lower insurance premiums.  

 

Like defensive approaches (i.e., armoring), investments in accommodation may give people a sense 
that they are not at risk from coastal hazards and may encourage residents to remain in potentially 
vulnerable locations (Grannis, 2011). As sea level rises and the severity or frequency of flooding 
increases, this may lead to a long-term financial burden, where property owners must continue to invest 
additional resources to accommodate flooding to maintain the use of their properties. The benefits of 
accommodation techniques, therefore, must be carefully weighed to assess whether accommodation 
will provide adequate protection over the desired life of the structure, and whether future investments 
might be required to maintain that level of protection.  
 

Social Implications 

Accommodation techniques like vertical elevation and floodproofing are not new concepts to shoreline 
homeowners, regulators, or construction professionals, and in many instances are regulated by local 
building codes. Furthermore, accommodation techniques can be employed to protect a wide range of 

Figure 13.  Examples of a home on Guemes Island undergoing elevation retrofits due to 
flooding. Source: DB Davis Structural Moving and Raising, Island County, Washington. 
Reproduced with permission. 
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structures, including critical infrastructure, existing homes and businesses, and planned developments 
(Grannis, 2011; New York City Department of City Planning, 2013). These attributes may make 
accommodation approaches easier for homeowners or building managers to implement. 
 
Communities can also require or encourage accommodation techniques through building codes or 
rebuilding requirements to promote implementation in new construction and building retrofits (Grannis, 
2011). Following Hurricane Sandy, New York City undertook an analysis of potential building and 
zoning code changes that would be needed to improve resiliency in the built environment. Their 
Building Resiliency Task Force identified a suite of strategies for implementing accommodation 
techniques, including developing or altering code language, and providing incentives to property 
owners and developers (Urban Green Council, 2013).  
 

Accommodation techniques may allow coastal residents and businesses to remain in flood hazard 
zones, avoiding disruption to economies and communities, thereby supporting community vitality and 
well-being. However, this may also put communities at long-term risk and require additional 
investments in infrastructure (e.g., roads, water and waste-water utilities) to support the homes or 
businesses remaining near the shoreline. Additionally, if the use of accommodation techniques 
encourages additional development in coastal flood zones, more people and property become exposed 
to flood hazards.  

 

Ecological Implications 

Accommodation techniques are usually employed within the building footprint, and therefore have fewer 
direct ecological implications than hard defensive structures. Net ecological benefits may be achieved, 
for example, if accommodation techniques are paired with restrictions on shoreline armor or 
requirements for its removal (Grannis, 2011). By designing or retrofitting buildings with potential 
flooding in mind, structures may be less sensitive to periodic flooding and may not require other 
approaches to reduce flood risks. This may allow for some limited preservation or restoration of 
shoreline processes and habitat in developed areas.  
 
However, accommodation strategies may result in environmental consequences if harmful materials 
remain exposed to flooding. Septic systems, for example, are relatively difficult to elevate out of a flood 
zone and are therefore likely to fail if exposed to floodwaters, potentially releasing sewage, bacteria and 
excess nutrients into the marine environment (Mihaly, 2017).  

Approach 4: Making Space Along the Coast – Retreat or Avoidance 

Retreat is the act of moving existing assets away from at-risk areas along the coast, while avoidance 
refers to approaches that prevent placing new assets in at-risk areas. These two concepts are 
addressed together in this section. The concept of retreat is not a new one. Approximately 1.3 million 
people have relocated in response to natural hazard risks within 22 countries across the globe (Mach et 
al., 2019). However, retreat from coastal hazards zones is often challenging for homeowners and 
municipalities to accept (Mulkern, 2019). Below, we examine voluntary and regulatory approaches for 
implementing retreat in coastal communities.  
 
Voluntary buyout programs typically involve making public funds available to purchase at-risk properties 
from willing property owners at market rates. FEMA, for example, has a long record of funding the 
purchase of properties in areas prone to river flooding (Mach et al., 2019). Washington State has 
implemented state-funded buyouts of at-risk riverside properties through programs like Floodplains by 
Design, which over the past few years has funded the relocation of approximately 700 homes. In King 
County, 63 residences were bought out and removed along the Cedar River (Brown, 2019). Relatively 
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few public funds have been used for coastal home buyouts in Washington State (Tim Cook, 
Washington State EMD, personal communication, 11 February 2020), but coastal buyout programs do 
exist in other states. After Hurricane Sandy, the Blue Acres Buyout program was established in New 
Jersey, and more than 700 properties in coastal flood hazard zones have been purchased and 
removed (Schwartz, 2018).  
 

 

Figure 14. Quinault Indian Nation relocation plan overview for the village of Taholah. Taholah Community Relocation Plan, 
Quinault Tribe. 

Some coastal communities are actively implementing community-scale coastal retreat as a preferred 
alternative to reducing risk from coastal hazards. The Quinault Indian Nation, for example, spent many 
years developing a relocation plan to address future anticipated flooding of tribal governmental 
infrastructure (Figure 14). The plan also designates locations for individuals to voluntarily relocate their 
homes to higher ground.  
 

Property owners may also choose to fund the relocation of structures away from the shoreline in 
response to flooding and erosion (Figure 15; Washington Coastal Hazards Resilience Network, 2020). 
Conservation easements can be placed on a property by a landowner to restrict future uses or 
development near the shoreline. A number of these sorts of conservation easements have been 
implemented in coastal Washington State. For example, in San Juan County, the San Juan 
Preservation Trust holds conservation easements that restrict shoreline armor or coastal vegetation 
removal (Loring, 2014).  
 

Regulatory approaches for making space along the coast generally fall into one of three categories 
(Neal et al., 2017): 
 
Avoidance approaches disallow, through regulation, development or redevelopment in hazard zones 
using techniques such as no-build areas, building setbacks, fixed or rolling easements, and zoning. 
Many of these tools—like no-build zones in hazardous areas, vegetation buffers and shoreline 
setbacks—are currently implemented in Washington State. For example, critical area buffers are 
intended to locate structures away from erosion, landslide, or flood hazards on the coast or elsewhere 
(Washington State Department of Ecology, 2017). Rolling easements refer to a large range of 
techniques, either regulatory or voluntary, that facilitate landward migration as property is impacted by 
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rising sea levels or erosion. Examples of regulatory rolling easements include prohibitions on hard 
defensive structures or requirements for the removal of those structures, and can be embedded in law, 
or written into property titles or community covenants. A voluntary approach might include conservation 
easements, or the transfer of development rights as seas rise (Titus, 2011). In each case, the property 
owner maintains full rights to use the land until the property is threatened in a specific and 
predetermined way. Implementation of rolling easements depends upon state law, and examples can 
be found in California, Hawaii, Maryland, Maine, North Carolina, Rhode Island, South Carolina and 
Texas (Titus, 2011).  

 

Abandonment approaches disallow reconstruction after damage or a disaster (Neal et al., 2017), and 
are specified in zoning or permitting regulations or are part of post-disaster response policies. For 
example, South Carolina limited reconstruction of heavily damaged structures after Hurricane Hugo, 
though the policy was 
challenged for going 
too far in restricting 
property rights and 
was softened (Neal, 
et al., 2017). Local 
governments could 
also use 
condemnation to 
achieve 
abandonment in 
cases where a 
damaged building no 
longer has a septic 
system, sewer lines 
or safe access (Neal, 
et al., 2017). 
 
Relocation 
approaches use 
building codes to 
require that 
infrastructure be moved in response to a hazard, either after impact or when there is a clear and 
present danger of imminent impact.  

 

Effectiveness and Financial Considerations 

From a risk reduction standpoint, avoiding, removing, or relocating development from the shoreline is 
effective. By reducing new at-risk development and moving structures and services out of erosion and 
flood hazard zones, coastal decision-makers reduce potential damages and reduce or eliminate the 
need to construct protective structures. Diaz (2016) modelled adaptation pathways for 12,000 
segments of the world’s coastlines, finding that retreating from hazardous shoreline areas is cost-
effective in most cases, if it is done proactively (i.e., a coordinated effort managed through a planning 
process). Retreat is a viable approach in Washington State. A 2019 study evaluated two instances in 
which bluff-top property owners in Washington State moved their homes inland in response to coastal 
erosion. These homeowners incurred costs for the move, as well as additional costs for permitting, new 
foundations, utilities, and other construction expenses (Côté and Domanski, 2019). The study 
evaluated the effect of the approach and found, aside from the reduction in risk that the move provided, 
that relocating the homes increased property values and provided other benefits. 
 

Figure 15.  Multifamily housing moved back from a bluff due to erosion on Whidbey Island in 
2018. Source: DB Davis Structural Moving and Raising, Island County, Washington. 
Reproduced with permission. 
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By contrast, reactive retreat—moving away from the shoreline in response to incurred damages—is not 
as cost-effective, as it assumes that individuals suffer losses to land and property prior to relocating and 
that local jurisdictions do not limit development until hazardous conditions manifest (Diaz, 2016). This is 
a critical point: a well-planned strategy with community buy-in is necessary for the success of retreat or 
avoidance approaches (Abel et al., 2011). 
 
As sea level rises, the cost-effectiveness of relocating or removing development is likely to remain high. 
A study in Grays Harbor County found that the continual maintenance or construction of new hard 
defensive structures like bulkheads far exceeded the cost of relocating structures, and that the cost 
discrepancy between the two only grew over time and as sea level rose (Grays Harbor Coastal Futures 
Project, 2018).  
 
It is important to note that there are limited examples to draw from, and that feasibility, costs and 
benefits are site-specific. Yet these examples suggest that retreat can provide risk reduction over the 
long term at comparable costs, while also providing more open space for geological and ecological 
functions. Of all the options for managing shorelines in the face of sea level rise, managed retreat 
creates the greatest opportunity to avoid the problem of maladaptation. Structures removed from 
harm's way will be more resilient than those that are protected with either hard or soft solutions, or 
those that have been designed to accommodate increases in flooding.  
 

Social Implications 

The major impediments to managed retreat are political or socioeconomic in nature (Neal et al., 2017). 
In a recent example in Del Mar, California, the concept of managed retreat—recommended by the 
California Coastal Commission as an adaptation measure for the city’s coastal plan—was rejected. 
Property owners balked at the concept that a local government could use regulations to force relocation 
of expensive waterfront homes (Mulkern, 2019). Retreat strategies often are not viewed as feasible by 
coastal planners in urban settings with dense development, due to cost, permitting, land-use 
constraints and legal considerations (New York City Department of City Planning, 2013). Political will is 
often limited when proposals are made to allocate local funds for costly buyout of coastal properties, or 
their maintenance (Doberstein et al., 2020). Regulatory relocation or avoidance approaches may also 
be associated with legal challenges.  While Washington’s regulatory structure allows for the 
implementation of building setbacks and creation of buffers to address impacts to habitat, the legal 
implications for imposing these types of development restrictions to address unrealized sea level rise 
risk require further examination.  

 

Ecological Implications 

Retreat from the shoreline, via either avoidance or relocation, is generally viewed as optimal from an 
ecological perspective, since it maximizes space for natural shoreline processes (Koslov, 2016). Unlike 
either protection or accommodation strategies, retreat allows for the shoreline to migrate while 
maintaining natural habitat in most cases (Neal et al., 2019), thereby avoiding the phenomenon of 
coastal squeeze (Pontee, 2013). For example, in a modeling study of future shoreline conditions in 
Grays Harbor County, Washington, intertidal habitat for razor clams was maintained only under policy 
scenarios that emphasized retreat of infrastructure from the coast (Grays Harbor Coastal Futures 
Project, 2018). Retreat can also allow for the restoration of degraded shorelines, such as by removing 
hard armor that is no longer needed. On Puget Sound beaches, for example, shoreline armor removal 
(enabled in some cases by relocation of infrastructure; Figure 16) is associated with an increase in 
shoreline biota and other ecological metrics (e.g., beach wrack) that support ecosystem function (Lee et 
al., 2018).   
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Figure 16. Before and after (inset photo) of a shoreline property on Vashon Island purchased by King County for a shoreline 
restoration project.  Both the home, and the shoreline armor were removed in this project.  Photos by Kollin Higgins and Greg 
Rabourn, King County. 
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Conclusion and Recommendations 

The purpose of this paper was to assess trade-offs associated with coastal management approaches 
and strategies that can be applied in Washington State as sea level rises. The choice of whether and 
how to attempt to protect shorelines—or to implement accommodation or retreat strategies—is an 
example of the complex and difficult decisions that sea level rise will force individuals and communities 
to make. For example, the 2018 Shoreline Armoring Implementation Strategy included four strategies 
for reducing shoreline armoring in Puget Sound: developing homeowner incentives, effectiveness of 
regulations, technical and design improvements, and planning. Sea level rise will complicate the 
implementation of all four of these strategies and should be part of the planning and implementation 
conversations coastal scientists and managers are having with each other and with property owners 
(Habitat Strategic Initiative, 2018).  
 
As we conducted our research, we found limited localized information about the costs and benefits 
associated with various approaches and strategies. However, as we explored the economic, social, and 
environmental costs and tradeoffs of different coastal management options, we distilled a set of insights 
and conclusions (Table 1). We conclude, based on the evidence currently available, that adopting 
defensive strategies to protect homes and infrastructure in place does not always provide the most 
effective risk reduction, and may not be cost-effective over the life of the structure. These are important 
considerations for coastal decision-makers as they begin to weigh their options for responding to sea 
level rise. Fortunately, there are other options available that can reduce the risks associated with 
erosion and flooding as sea level rises. Where shoreline protection is necessary, soft shore techniques 
should be carefully evaluated against more traditional hard defensive structures because of their cost-
effectiveness, the likelihood that they cause less damage to ecosystem functions, and because they 
may be more able to adapt to changing conditions as sea level rises.  
 
If flooding is the main concern, accommodation techniques can be implemented to allow new and 
existing structures to “live with water” during periodic coastal flooding, but this option may not suffice as 
inundation becomes a more permanent pattern on the landscape. Managed retreat from the shoreline, 
through relocation and avoidance strategies, can permanently reduce risk to life and property and may 
present the most cost-effective option in the long run. This suggests that shoreline policies in 
Washington State should emphasize avoidance strategies for new development, and that the state 
should begin to develop policies that facilitate the relocation of existing shoreline development. 
However, more research is needed to understand how to best implement retreat in a socially 
acceptable and legally defensible manner. 
 
We also identified several gaps in our knowledge that we grouped into five categories: 
 
Design and Technical Considerations: How will climate change and sea level rise alter the 
environmental conditions on Washington’s shorelines (e.g., wave impacts and flood height, frequency, 
and duration)? How will these changing conditions impact the design of shoreline protection structures 
and accommodation techniques?  
 
Areas of future research may include: 
 

• How different shoreline types on Washington’s coasts (e.g., accretion shoreforms, feeder bluffs) 
will respond to changing conditions. Filling this gap may rely on modeling approaches, as well 
as long-term field monitoring as sea level rises. Improved knowledge will influence our 
understanding of which response approaches are most appropriate in different locations. 

• The durability of hard defensive structures and soft shore projects over time, both under current 
conditions and as sea level rises. This will impact the rate of repair or replacement of these 
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designs, and therefore expected costs. This can be achieved through monitoring and evaluating 
projects over their lifespan.  

 
Economic Considerations: How do the costs of different approaches compare under today’s 
conditions? How might sea level rise impact those costs, both for initial design and construction, and for 
maintenance over the lifespan of the chosen approach? Can we quantify the benefits associated with 
the different approaches? 
 
Areas of future research may include: 
 

• Costs to repair or replace hard defensive structures and soft shore projects over their lifespans, 
and how sea level rise might impact the cost-effectiveness of repairing or replacing these 
designs.  

• The total costs (including permitting, utilities, etc.) and time commitments to elevate or relocate 
homes, buildings, roads and other types of infrastructure. When is it cost-effective compared to 
the other approaches?  

• Long-term costs and benefits of property buyouts to the individual property owner. What costs 
or challenges are faced upfront, and how might they compare to benefits accrued or losses 
avoided in the future? What is the individual return on investment for participating in a buyout? 

• Analysis specific to Washington State of the financial, social and political costs for implementing 
relocation options.  

• Ecosystem services valuation of the nearshore—what is the economic value of a functioning 
nearshore environment? How will sea level rise and potential loss of this habitat impact those 
ecosystem services and their value? 

 
Social Considerations: What impacts might sea level rise have on Washington’s coastal 
communities? How does the decision to undertake each response approach impact the surrounding 
community? How do social implications differ between approaches?  
  
Areas of future research may include: 
 

• Repurposing existing data (e.g., building footprint data, FEMA flood zones, mapped flood 
heights and extents) to analyze sea level rise vulnerability and identify adaptation options.  

• Social benefits and drawbacks of buyouts. What challenges are faced upfront, and how might 
they compare to benefits accrued or losses avoided in the future? What is the community’s or 
the public’s return on investment for funding buyouts? 
 

Ecological Considerations: Can we quantify the full range of ecological functions and benefits (both 
to environmental systems and to humans) that the nearshore provides today? How will sea level rise 
and its associated impacts affect nearshore species and functions?  
 
Areas of future research may include: 
 

• What are the ecological trade-offs associated with soft shore projects? Will sea level rise alter 
the balance of these trade-offs? 

• Connections between the nearshore ecosystem and human well-being (ecosystem services). 
What are the benefits that individuals and society experience today from a functioning 
nearshore ecosystem, and how might sea level rise impact these benefits? 

 
Governance Considerations: Addressing sea level rise will raise challenging administrative, legal and 
political questions. Is Washington’s current shoreline permitting environment amenable to these 
response options? How might the state and federal regulatory environment change in response to sea 
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level rise? Are there legal or political risks for local governments associated with acting (or not acting) 
to address sea level rise?  
 
Areas of future research may include: 
 

• Use of emergency permitting to address flooding and erosion, and how impacts from sea level 
rise might alter the demand, use and administration of these permits. 

• What is the range of land use regulatory options currently available in Washington to restrict 
new development in vulnerable areas after experiencing damaging storm events? 

• What is the nature and extent of local government authority to impose regulatory approaches to 
managing retreat, such as rolling easements, transfer of development rights, or erosion hazard 
setbacks?  

• How can local governments, advocacy organizations, and others effectively communicate the 
trade-offs associated with each response option to shoreline property owners and other 
constituents?  

 
These knowledge gaps point the way towards new research and analysis that will support coastal 
managers as they decide how to best plan for potential damage to infrastructure, financial and social 
impacts, and ecological protection.  
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