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Abstract: Coastal communities exist on the front lines of diverse natural hazards and the growing

impacts of climate change. While traditional strategies for dealing with coastal hazards have often

involved the hardening or armoring of shorelines, more recent research and practice have demonstrated

the value and cost-effectiveness of “living shorelines” and other ecosystem-based strategies for coastal

protection. To explore potential relationships among geographic exposure (waterfront vs. inland),

shoreline condition (armored vs. natural), and hazard concerns, we surveyed 583 waterfront and

inland residents in the northern Gulf of Mexico. We found that overall concern for coastal hazards

was similar across waterfront and inland residents, as well as among residents with both armored and

natural shorelines. However, concern for specific hazards differed across these groups. Waterfront

residents were significantly more concerned about major hurricanes and erosion than inland residents.

Conversely, inland residents were more concerned with drought and flooding than waterfront

residents. Among waterfront residents, specific hazard concerns were similar between residents with

natural and armored shorelines with two key exceptions. Residents with armored shorelines reported

higher concern for erosion and sea level rise than residents with natural shorelines. Our results

suggest that armored shorelines do not necessarily alleviate concerns about coastal hazards. In the

context of balancing social and ecological objectives in addressing coastal hazards or adapting to

climate change, understanding the perceptions and behaviors of coastal residents is essential for

conserving and protecting coastal ecosystems along residential shorelines.
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1. Introduction

On the front lines of erosion, sea level rise, and hurricanes, coastal communities provide a

lens into the historical and projected future costs and consequences of coastal hazards and climate

adaptation [1–3]. In the United States alone, approximately 1.3 million people, including 30,000 families

below the poverty line and 250,000 elderly people, reside in the highest quartile of exposure to coastal

hazards [4]. In the aftermath of storms and other punctuating hazard events, coastal adaptation

conversations often focus on migration, retreat, and fortifying coastlines. However, individual coastal

residents continually deal with the threat of coastal hazards and also make decisions that impact the

sustainability of coastal ecosystems. As such, scientists, engineers, conservationists, and policy-makers

are intensely focused on understanding the influences of exposure and shoreline condition on coastal

hazards [5,6], as well as the role of coastal property owners in brokering risk through their decisions to

manage their coastlines [2].

Traditionally, a primary response to coastal hazards has involved building shoreline infrastructure

such as bulkheads, seawalls, and revetments (Figure 1). Shoreline armoring is typically implemented

to protect coastal property from hazards like erosion and flooding but can also be motivated by other

social and biophysical influences [4,7,8]. In the United States, artificial shoreline structures cover

22,000 km and upwards of 90% of shorelines in many urban areas [9]. The economic costs and ecological

consequences of shoreline armoring have been widely described and include increased erosion on

adjacent properties, altered depth profiles and sediment transport, and the loss of ecologically important

coastal habitats [10]. Nonetheless, many waterfront residents prefer hardened shorelines and prioritize

perceived cost-effectiveness above environmental concerns [11,12].

Figure 1. Photographs of waterfront homes with shorelines representing natural (a), vertical wall (b),

and rip-rap revetment (c) shorelines. Photo Credits: S. Scyphers (a,b) and R. Gittman (c).

More recently, scientists and practitioners have been describing the benefits of nature-based

strategies, including natural defenses and “living shorelines” for restoring degraded coastal ecosystems

and mitigating risks [13,14]. In their natural condition, shorelines are often comprised of biogenic

habitats such as saltmarshes, mangroves, and oyster reefs. These natural coastal habitats are widely

valued for their environmental benefits, including the provision of essential habitat for marine life,

promotion of favorable water quality, and reduction of shoreline erosion and flooding by attenuating

waves, stabilizing sediments, and dampening surge [13,15,16]. Recent reviews of the protective value of

wetlands found that vegetated shorelines can significantly reduce wave height and promote shoreline

stabilization [17], and can be cost-effective for coastal protection [18]. Unfortunately, many coastal

habitats have suffered dramatic declines, hampering the provision of ecosystem services [19]. Much of

this loss is related to modification of coastal landscapes and shorelines for human development. Thus,

understanding the perceptions and behaviors of coastal residents is essential for conserving and

protecting these ecologically valuable habitats.

In this paper, we present survey data to address two key questions related to waterfront resident

perceptions of coastal hazards and the broader implications of coastal development for sustainability

along coastlines. First, how does waterfront exposure influence the overall and hazard-specific concerns

of coastal residents? Second, among waterfront residents, does shoreline condition influence the
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level of concern, both overall and hazard-specific? For these questions, we analyzed survey data

measuring individual concern for eight types (or intensities) of common coastal hazards and created

an “Overall Hazards Concern” (OHC) index. We hypothesized that overall hazard concern would be

greater among waterfront than inland residents and that shoreline hardening would generally mitigate

hazard concern.

2. Materials and Methods

We conducted mixed-mode surveys of 583 coastal residents (400 inland and 183 waterfront)

along Mobile Bay, Alabama and Pensacola Bay, Florida in the northern Gulf of Mexico (Figure 2) in

2014. The results described in this paper were collected from a series of questions aimed at exploring

relationships among geographic exposure (inland, waterfront), shoreline type (waterfront residents

only), and concerns for coastal hazards. We measured concern for eight types of coastal hazards

on a scale from 1 (not at all concerned) to 5 (extremely concerned) for: category 1–2 hurricanes,

category 3–4 hurricanes, category 5 hurricanes, droughts, erosion, floods (not from surges), habitat

degradation, and sea level rise. The survey instrument also included socio-demographic questions

to document gender, age, annual household income, education, environmental dependence, years at

current residence, and years lived on coastal waters.

Figure 2. Map of study system involving four counties in coastal Alabama and West Florida.

Both inland and waterfront coastal residents were surveyed using a standardized survey

instrument that was developed and pretested by an interdisciplinary team of coastal scientists

and practitioners, and then pretested again with waterfront homeowners. The sample of 400 inland

residents was recruited through Qualtrics Panel Research. The panel sample was proportioned

to the general public and randomized before the survey was deployed. Waterfront homes were

identified using Google Earth Pro and county tax assessor websites, and a random sample was

selected from that frame. Public real estate websites (e.g., Zillow, Realtor.com) were used to identify

and exclude properties that had been listed or sold during the previous 12 months. The sample of

waterfront residents was recruited using a modified Dillman method [20] involving an initial mailing
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of 1000 postcard invitations to complete an online survey and three follow-up reminder postcards.

Printed surveys were mailed to 20% of the online sample and all additional individuals who requested

them. For all participants, the online survey was hosted and administered using Qualtrics Research

Suite, which also served as the database for mail-returned surveys. The waterfront resident survey

had an adjusted response rate of 21% and a mean completion rate of 83%. The online version of the

survey had a mean completion time of 20 minutes.

To explore overall patterns of concern across groups, we created an “Overall Hazard Concern”

index (OHC) by aggregation of the eight individual coastal hazard concerns and tested it for internal

reliability using Cronbach’s α. We then used Mann–Whitney U tests to compare overall concern

between geographic exposure (inland, waterfront) and shoreline type (natural, armored) groups.

Next, we used bivariate correlations to examine potential relationships between socio-demographical

characteristics and OHC. Lastly, we used Mann–Whitney U tests to assess relative concern for specific

hazards between groups.

3. Results

3.1. Survey Sample and Demographics

Our survey sample includes waterfront (n = 183) and inland (n = 400) residents of four coastal

counties in Alabama and Florida (Table 1). Compared to inland residents, the waterfront sample

was predominantly older (mean age: 65 waterfront, 48 inland), male (64% waterfront, 39% inland),

white (98% waterfront, 86% inland), with higher education degrees (graduate degree: 47% waterfront,

19% inland), and wealthier (household income >$100k: 53% waterfront, 18% inland). Both groups

were similar in political orientation, with 19–22% identifying as liberal and 44–56% identifying as

conservative. Both groups were also similar in the dependence on environmental quality, with 10–11%

of respondents perceiving their occupations to depend “a great deal” on healthy coastal ecosystems.

Among waterfront residents, 67% of residents had artificial structures (vertical walls, rip-rap revetment,

rip-rap), whereas 33% of residents reported a natural shoreline.

Table 1. Survey demographics and descriptives. Coding used for categorical variables in Pearson

correlations is shown in parentheses.

Inland Waterfront

Sample Size 400 183

Alabama (1) 191 97
Florida (2) 209 86

Age

Mean 48 65
Gender

Male (1) 39% 64%
Female (2) 61% 36%

Race

White (1) 86% 98%
Black (2) 7% 0%
Hispanic (2) 3% 0%
Asian (2) 3% 1%
Other (2) 1% 1%

Education

High School diploma or less (1) 16% 3%
Some college or 2-year degree (2) 38% 23%
Bachelor’s degree (3) 27% 27%
Master’s degree or more (4) 19% 47%
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Table 1. Cont.

Inland Waterfront

Income

$25k or less (1) 15% 5%
$25,001 to $35k (2) 14% 3%
$35,001 to $50k (3) 17% 7%
$50,001 to $75k (4) 20% 15%
$75,001 to $100k (5) 16% 17%
$100,001 to $150k (6) 12% 20%
$150,001 to $250k (7) 5% 16%
More than $250k (8) 1% 17%

Environmental Dependence

Not at all (1) 59% 71%
Only a little (2) 16% 12%
A fair amount (3) 14% 7%
A great deal (4) 11% 10%

Political Stance

Very liberal (1) 7% 7%
Somewhat liberal (2) 15% 12%
Moderate/Middle of the road (3) 34% 25%
Somewhat conservative (4) 25% 33%
Very Conservative (5) 19% 23%

Years Living on the Water

Mean 20

3.2. Waterfront Exposure, Shoreline Condition, and Hazard Concern

The OHC included eight variables (Table 2). Across all respondents, major hurricanes were the

most worrisome hazards, while sea level rise and droughts were among the least concerning hazards.

Notably, coastal habitat degradation and erosion were, on average, more concerning than category

1–2 hurricanes or floods.

Table 2. Scale descriptives reflecting concern for coastal hazards (1 = Not at all concerned:

5 = Extremely concerned).

Overall Hazard Index (OHC) N Mean SD α ∆α

0.83

Cat. 5 hurricanes 560 4.58 0.84 0.85
Cat. 3–4 hurricanes 560 4.37 0.89 0.84
Habitat degradation 560 4.05 0.98 0.83

Erosion 560 3.83 1.11 0.84
Cat. 1–2 hurricanes 560 3.72 1.12 0.85

Floods (not from surges) 560 3.52 1.22 0.83
Sea level rise 560 3.33 1.31 0.83

Droughts 560 3.27 1.24 0.83

When comparing overall concern represented by the OHC, we found that concern was similar

between waterfront and inland residents of coastal counties (n = 560, Z = 0.219, P = 0.827), as well

as similar among homeowners with armored and natural shorelines (n = 170, Z = 1.566, P = 0.117;

Figure 3).

Among inland residents, OHC was greater among women than men, positively correlated

with environmental dependence of occupation, and negatively correlated with conservative political

orientation (Table 3). OHC was not associated with state, age, race, education, income, or years in

current house.
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Figure 3. Boxplots showing the overall hazard concern (OHC) scale across categories of geographic

exposure and shoreline type.

Table 3. Pearson correlations between OHC and demographical, geographical, and property attributes

(categorical variable coding is shown in Table 1). * p ≤ 0.05, ** p ≤ 0.01, † Comparison not possible due

to low number of non-white waterfront respondents.

Inland Waterfront

State −0.074 0.044
Age 0.089 0.088

Gender 0.175 ** 0.209 **
Race 0.039 †

Education −0.094 0.003
Income −0.059 0.04

Environmental Dependence 0.125 * 0.167 *
Political Stance −0.145 ** −0.116

Years Current House 0.048 0.051
Shoreline Type n/a −0.133

Among waterfront residents, concern about coastal hazards was again positively correlated with

categorical dependence on healthy coastal ecosystems and greater among women than men (Table 3).

In this exposure, OHC was not associated with state, age, education, income, political stance, years in

current house, or shoreline type.

Analyses of specific hazards revealed significantly different levels of concern for approximately

half of all comparisons (Figure 4; Table 4). For geographic exposure, droughts and floods were of

greater concern for inland residents than their waterfront counterparts; whereas, major hurricanes and

erosion were cause for greater concern among waterfront respondents. Exposure was not a significant

predictor of concern for category 1–2 hurricanes, sea level rise, or habitat degradation. For shoreline

type, concern differed for 2 of the 8 hazards as concern for both erosion and sea level rise was greater

among homeowners with armored than natural shorelines (Figure 4; Table 4). Shoreline type was not a

significant predictor of concern for hurricanes, habitat degradation, floods, or droughts.
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Figure 4. Frequency distributions showing inland and waterfront coastal residents’ concern for 8 coastal

hazards. Each plot shows proportional response for Likert scale values ranging from 1 (not at all

concerned) to 5 (extremely concerned). Different colors indicate statistically significant differences at

p ≤ 0.05 with higher mean values shown in orange.

Table 4. Results of Mann–Whitney U tests on concern for individual hazards for geographic exposure

(inland vs. coastal) and binary shoreline type (armored vs. natural). Negative z scores on Geographic

Exposure indicate a greater concern for the variable expressed by inland residents. Negative z scores

for Shoreline Type indicate a greater concern for the variable by residents with armored shorelines.

P-values less than 0.05 are shown in bold.

Geographic Exposure Shoreline Type

n z p n z p

Cat. 5 hurricanes 571 3.09 0.002 172 0.48 0.962
Cat. 3–4 hurricanes 573 2.25 0.030 172 −0.75 0.456
Habitat degradation 574 1.22 0.220 173 −0.98 0.328

Erosion 573 4.08 <0.001 173 −2.13 0.034

Cat. 1–2 hurricanes 574 0.47 0.640 172 −0.88 0.380
Floods (not from surges) 573 −4.17 <0.001 172 −0.83 0.407

Sea level rise 573 0.18 0.860 173 −1.90 0.036

Droughts 571 −2.87 <0.001 173 −1.66 0.097

4. Discussion

Counter to our overarching hypotheses, hazard concerns were generally similar across geographic

exposures and among waterfront residents with natural and armored shorelines. In regard to

specific hazards, several of our findings were intuitive while others led to more nuanced conclusions.

For instance, intuitively, nearly all respondents were highly concerned with major hurricanes and

concern was greatest among waterfront residents. In recent history, residents in our study system have

been impacted by several hurricanes and lesser storms, including Hurricanes Ivan (2004), Katrina

(2005), Ike (2008), Gustav (2008), and Isaac (2012). With the exception of Ivan, which made landfall in

coastal Alabama as a category 3 storm and heavily impacted the region, all of these storms made landfall
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in neighboring states to the west. Notably, the region has not been directly impacted by a category 4 or

5 storm (at landfall) in the past century, although its vulnerability was demonstrated in 2018 when

category 5 Hurricane Michael devastated the central and eastern Florida Panhandle. Several other

studies have also explored relationships between residential shoreline condition and outcomes of

hurricanes [6,12,21,22]. For instance, Gittman and colleagues (2014) conducted geophysical surveys

in the aftermath of Hurricane Irene in North Carolina and revealed that 76% of coastal properties

with bulkheads suffered damage compared to none on properties with natural shorelines or hybrid

structures. Additionally, Smith and Scyphers (2019) conducted household surveys following Hurricane

Matthew in North Carolina and found that homes with bulkheads suffered greater damage but were

also closer to the water.

A more surprising finding of our study was that waterfront homeowners with armored shorelines

were generally more concerned with coastal erosion than homeowners with natural shorelines.

Aside from storms, erosion control and maintenance costs are a consistent concern of waterfront

residents. Shoreline erosion, as well as coastal flooding, is driven by wind patterns, wave climate,

changing sea levels, storm events, boat traffic, and local drainage patterns [8]. These natural and

man-made forces impose risks on coastal properties, which traditionally, coupled with the consequences

of neighboring artificial structures and other social influences, has motivated shoreline armoring [11].

Naturally vegetated shorelines are dynamic by nature with gradual and episodic periods of erosion or

accretion. Along armored shorelines, however, a common erosion-related concern among waterfront

residents involves the overtopping of seawalls or bulkheads during high tides and storms [22].

A previous study of waterfront residents in Mobile Bay revealed that homeowners with bulkheads

and similar vertical wall shorelines spend approximately twice as much as residents with natural

shorelines [11]. Collectively, these studies indicate that armored shorelines may often fall short of

alleviating homeowner concerns for coastal hazards.

As alternatives to traditional shoreline armoring, conservation practitioners and natural resource

managers have increasingly encouraged “living shorelines” and more broadly the consideration

of ecosystems for coastal protection and providing habitat and other ecosystem services [13,14].

As shorelines represent some of the most ecologically degraded places on Earth [23], the environmental

reasons to pursue nature-based strategies and restore nearshore habitats for coastal protection are

clear. However, from a waterfront resident’s perspective, erosion of a natural shoreline involves the

gradual retreat or loss of coastal vegetation, which translates to shrinking property size and potentially

decreasing land value. Notably, our results indicate that overall concern for habitat degradation was

the third highest of all eight hazards and only lower than Cat 3-5 hurricanes. However, numerous

uncertainties and complex dynamics of shoreline decision-making remain a major impediment to

expanding the use of “living shorelines” and other nature-based strategies for coastal protection.

The decision-making of waterfront residents highlights the complex risks, relationships,

and trade-offs involved with balancing environmental and societal desires. Increasingly, and particularly

in the wake of major coastal disasters, many scientists and stakeholders have debated the costs, benefits,

and trade-offs of natural and armored shorelines and their implications for coastal sustainability.

Individual responses to risk, however, are driven by perceived effectiveness, subjective risk perceptions,

risk preferences (e.g., tolerance of risk), and social influences, while also limited by natural resource

management and permitting policies [24,25]. With coastal hazards expected to worsen with climate

change, the observations and insights of homeowners could provide important data sources and may

also serve as messengers for increasing awareness and concern. Our study provides insight into

these issues, but a few caveats should be noted. First, our study provides only a current snapshot of

differences in concern between residents with armored versus natural shorelines, and causality could

function in either direction. However, it is worth noting that the average waterfront resident in our

study had lived along the water for 20 years, reflecting long-term knowledge and experience with

coastal hazards. Second, our study was geographically limited to a region of the northern Gulf of

Mexico. While the region’s historical patterns of shoreline armoring and waterfront development are
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similar to many other places in the United States [9], additional region-specific studies are needed

to understand more localized patterns of hazard concerns and other social influences on shoreline

management. More broadly, our study adds to the growing body of literature highlighting the necessity

of working directly with residential property owners to achieve ecosystem management goals and

pursue climate adaptation [26–28].

Although living along coastlines will always involve dealing with hazards, there are many steps

that individual residents and communities can implement to reduce risk and promote resilience [29–32].

Unquestionably, no shoreline protection strategy eliminates the inherent risks involved with developing

new and existing property in the coastal zone, and traditional armoring strategies are unlikely

to disappear. Nature-based strategies, however, could play an important role in both restoring

ecosystems and hazard risk reduction in many contexts. As coastal societies experience hazards in

a changing climate, the science, policy, and practice of coastal protection must continue to evolve.

These efforts demand interdisciplinary expertise of architects, engineers, natural and social scientists,

and practitioners, and they should involve the diverse groups of stakeholders, including shoreline

residents, coastal communities, and municipalities, that are affected by coastal hazards.
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