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ABSTRACT

Sealevel rise poses significant risks to coastal infrastructure and recreational activities,
limiting public coastal access. In this study, we evaluate the current use and measure
the recreational value of coastal access areas in Bristol County, Rhode Island, while
assessing the vulnerability of those areas to rising sea levels. By combining measure-
ments of non-market economic value derived from cellular device location data with
modeled future sea level projections, we quantify the economic value at risk under
different inundation scenarios. We produce site-level results, which provide context
and quantifiable measurements of social value that can guide prioritization of mitiga-
tion strategies to address future impacts. We discuss the benefits and challenges of
integrating social and environmental data and methods.

( :oastal access is valuable to the
public, often fought over, and
acutely vulnerable to the impacts

of sea level rise (Patsch and Reineman
2024). The compressed geography of
coastal access areas creates a public-
policy pain point for towns, states, and
federal governments due to the compet-
ing interests of private real estate, public
infrastructure, and public access. Sea level
rise stands to force the issue in many spe-
cific places, both gradually and acutely, as
higher water levels exacerbate flooding
and erosion from coastal storms. Coastal
squeeze is the term that best describes
these complex environmental processes at
work in coastal areas (Lester and Matella
2016, Pontee 2013). However, at a local
level, we often lack the data to effectively
characterize coastal access areas, limiting
our ability to develop a more informed
and nuanced understanding of their
vulnerability to sea level rise across key
environmental and social dimensions.

In this study, we demonstrate an ap-
proach to combine economic value and
the risk of losses in coastal access due to
sea level rise. We combine site visitation
estimates and economic values for coastal
access areas using cellular device location
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data with modeled future sea level projec-
tions. The methods we used are location-
ally (site) specific while also scalable to
the state or national level. In our case, we
applied the approaches in Bristol County,
Rhode Island, USA, where local efforts
are under way to plan and adapt to future
conditions, including at the shore. Bristol
County, on the east side of Narragansett
Bay, encompasses three, low-lying coastal
municipalities: Barrington, Warren, and
Bristol (Figure 1). These communities
are among the most vulnerable in the
state to coastal flooding due to their low
elevation, geography, and extent of coastal
development (Grilli et al. 2018, Spaulding
et al. 2016).

We present coastal access site-level
descriptions of visitation, non-market
economic values, and output of coastal
inundation models that represent rela-
tive sea level changes of +3 feet as well as
flooding from a minor “nuisance” storm
(10-year recurrence interval) for the three
towns in Bristol County. We then use
these results to combine the measures of
economic value with the future sea level
rise impacts at each site, describing the
current state of economic value at risk as
well as the community-wide distribution

KEYWORDS: Cellphone location
data, economic value, sea level rise,
coastal access.
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of these risks. We discuss the implications
of our findings, as well as the practicalities
of using these methods for this purpose.

Sea level rise is a threat to coastal
access areas as shown by models of pro-
jected physical impacts to beaches and
coastal infrastructure (Vitousek et al.
2017, Patsch and Reineman 2024). As
sea level increases and shorelines retreat
landward, the accessible shorefront nar-
rows, especially where hardened infra-
structure prevents the natural process of
landward migration (Caldwell and Segall
2007, Patsch et al. 2021). Along developed
shorelines, coastal access areas such as
roads ends, parking lots, docks, fishing
piers, boat launches, and jetties all face
threats with a rising sea (Azevedo de Al-
meida et al. 2016, Hino et al. 2019). For
example, as an end-of-road access point
becomes more frequently inundated and
eroded by waves, the embankment to the
shoreline can steepen, limiting pedes-
trian access to the water. Furthermore,
the availability of lateral shoreline access
(space to travel along the shore once near
the water) can become constrained, as the
corridor of dry sand becomes narrower
for more hours of the day (Romine et al.
2013; Hinkel et al. 2013). The severity of
these physical threats can be estimated
with spatial models of inundation and
physical changes due to erosion (e.g.,
Spaulding et al. 2016; Kulp and Strauss
2019).
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From a social perspective, the severity
of these physical impacts depends on how
used and valued these coastal access areas
are to people, as well as what individuals
and communities will do to plan and
adapt to the changes (Gopalakrishnan et
al. 2016, Lester et al. 2022, Anderson et al.
2022). Governments typically are tasked
with collaborating to safeguard citizens
from rising sea levels and hazardous
coastal conditions, pursuant to their re-
sponsibilities to protect public safety and
welfare, while simultaneously ensuring
that coastal private property owners re-
tain lawful access and use of their coastal
properties (Reiblich et al. 2019). Local
government responses to these impacts
range from retreat to accommodation
and protection strategies (Reiblich et al.
2017). Retreat is sometimes considered
a last option when others are exhausted,
though there are efforts to prioritize
its use earlier in coastal planning and
adaptation processes (Mach and Sid-
ers 2021). Although increased sea level
rise does threaten communities, retreat
from an area is rarely a viable economic
option unless there is very high risk (De-
dekorkut-Howes et al. 2020). Many cities
vulnerable to sea level rise have written
hazard management and local compre-
hensive plans that favor hard-engineering
actions — such as shoreline stabilization,
beach nourishment, and seawalls — to
mitigate sea level rise instead (Fu et al.
2016; Dedekorkut-Howes et al. 2020).

Measuring economic value for coastal
access, associated activities and changes
due to sea level rise has a long history us-
ing qualitative and quantitative social sci-
ence methods (White 2020, Severin et al.
2022, Coombes et al. 2009). Environmen-
tal economics theories and methods for
quantifying non-market values around
coastal resources provide an appealing
framework for measuring individual and
economic value. It is based on the logic of
measuring the tradeoffs (often expressed
in monetary terms) that people make, or
are willing to make, to avoid or accept
the biophysical changes to their coastal
resources. Studies have largely focused
on measuring economic impacts due to
changes in beach width resulting from
erosion and/or renourishment as well as
site closure and losses (Pendleton et al.
2011, Parsons et al. 1999, Landry et al.
2020, Landry et al. 2022). The evidence
shows considerable value for coastal rec-
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Figure 1. Public access sites (n=118) in Bristol County, Rl and areas
susceptible to inundation from three feet of sea level rise (light gray) and
minor storm flooding (dark gray). Numbered locations (1-6) correspond to

access sites shown in Figure 2.
reation and access and value for the width
of the available usable shoreline.

Most of these existing environmental
economics studies have relied on data
from surveys of households and recre-
ationists or observing home sale transac-
tions specific to the area, coastal resource
type and physical change of interest
(beach width or quality) to estimate value.
More recently, data derived from smart-
phone locations (referred subsequently
as cell data) have been used to estimate
economic values for recreational areas,
including at coastal sites (Gonyo et al.
2024, Merrill et al. 2020). While only able
to capture those values related to direct
current use of these coastal areas, these
cell based-data have the ability to estimate
site-level economic metrics across a large
spatial scale, matching available output of
physical models of sea-level rise impact.
Recent work has operationalized these
methods to study sea-level rise impacts
on surf resources using similar cell data-
informed travel costs models to those
used in this paper (Save the Waves Coali-
tion 2025).
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DATA
The data and code for replicating re-
sults can be found at https://github.com/
Nateme16/Bristol_county_cell.

Coastal access areas

Coastal access areas in our region of
interest consist of beaches, parks and
“rights-of-way,” which include narrow
footpaths and end-of-road type access
points to the shore (see examples in
Figure 2). We compiled coastal access
points within the three communities of
Bristol County from multiple sources,
including the RI Coastal Resource Man-
agement Council (RICRMC) database of
state-designated rights-of-way, municipal
harbor management plans, Rhode Island
Sea Grant (https://www.shoreline-ri.
com/), and other resources derived from
town plans, assessor’s data, conversations
with municipal officials, and field visits.
In total, 118 public shoreline access sites
were mapped across Bristol County. We
compiled the sites as a point dataset in a
Geographic Information System (GIS)
environment and added information
about each site’s function, amenities,

Page 61



s

igure 2. Examples of coastal access points in Bristol County. 1) Mussachuck Beach (B

[ =

arrington); ) Stone

Harbor Boardwalk (Bristol); 3) Colt State Park Pier (Bristol); 4) Harris Avenue (Warren); 5) Police Cove Park Ramp
(Barrington); 6) Touisset Marsh Wildlife Refuge (Warren). Images courtesy of Rhode Island Sea Grant.

parking, and right-of-way status. We cre-
ated a geographic position of each access
area as a point representing the location
where a visitor would access the coastal
feature from an adjacent roadway or
parking area. We validated the GIS map-
ping through several field visits to access
sites in Bristol County.

The sites broadly fall into two catego-
ries: approximately one-third are recre-
ational (parks, beaches, boat ramps), and
the remainder are road ends, often linked
to stormwater outfalls. Thirty-eight
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percent of the sites (45) are RICRMC-
designated rights-of-way; most of which
are located in the Town of Bristol (see
Figure 1).

Sea level rise and flooding scenarios

To estimate the potential inundation
from storms and future sea levels on
each access area, we used output from
STORMTOOLS — a statewide inunda-
tion model that predicts water levels from
storm flooding at varying return periods,
with and without sea level rise (Spaulding
etal. 2015). STORMTOOLS provides geo-

spatial estimates of inundation (rasters of
flood depth) across coastal-adjacent lands
in Rhode Island for a range of future sea
levels (one-, two-, three-, five-, seven-,
10-, and 12-feet) and storm events (1-
year through 100-year return periods).
We assessed impacts to public access sites
from two modeled scenarios representing
a three-foot rise above the current mean
high tide in RI, and flooding from a mi-
nor coastal storm event (10-year annual
recurrence interval) at current sea levels.
The former represents a probable range
in future sea levels in Rhode Island by
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the end of the century (Sweet et al. 2022),
while the latter shows present-day flood
levels for a minor event (10% chance in
any given year).

We overlaid coastal access points with
STORMTOOLS inundation rasters to
identify 27 (23%) locations across Bristol
County that are subject to flooding under
three feet of sea level rise, and 74 sites
(63%) that flood during minor storm
conditions. In both cases, our flooding
threshold applied to the defined roadway
or parking location immediately adjacent
to the nearest coastal feature. Changes to
the actual shoreline from sea level rise
will vary due to differences in coastal
geomorphology and proximity to fixed
shoreline structures. We therefore limited
our analysis to access points, as these lo-
cations provide a transition between the
built environment and the coastal features
of upper Narragansett Bay. We attributed
the point dataset with flood depth (feet
above ground level) for each scenario.

Cell phone data

We used an existing cell phone loca-
tional dataset from a commercial vendor,
Airsage Inc. It was originally procured to
support a statewide study on coastal use
conducted by the U.S. Environmental
Protection Agency and the Narragansett
Bay Estuary Program (Twichell et al.
2021). This dataset is derived from Air-
sage’s TLA (Target Location Analytics)
product run on a collection of points
of interest (POIs), which in our case
are the geographic areas of interest that
represent the coastal access areas. The
researchers created these POIs based on
a statewide GIS dataset of public shoreline
access available on RIGIS (RIGIS 2024).
Specific details of the POI creation are
available on the methods section of the
ArcGIS StoryMap created by Twichell et
al. (2021) (link: https://storymaps.arcgis.
com/stories/b994fadc18bb4f1bb82de-
a62956¢3139). The statewide dataset on
coastal access used to create the POIs was
not comprehensive of all coastal access
areas that we identified in the inventory
of access points (n=118), which included
a search of updated lists as well as mu-
nicipal level datasets. Therefore, when
we joined them spatially using QGIS, the
POIs from the cellphone dataset represent
a subset (n=78) of all of the coastal access
areas in Bristol County (QGIS Develop-
ment Team 2025). We found the subset
where there was cell data included the
larger and more popular areas. Some

POIs contain multiple access areas due
to proximity while other POIs did not
contain access areas from the inventory.
This resulted in 52 total POIs used in this
analysis, where there was overlap between
the two datasets (see Appendix Figure 1).

The cell data-derived visitation datas-
ets contained aggregated (not individual
device location) information on each
POI for the summer (June-September)
of 2019. Airsage uses device-level GPS
location data from smartphone apps
based on a panel of devices to define visits
or “activity points,” which are places the
device is seen dwelling that is not the
implied work or home location of the
device as estimated by the device’s activity
over the month. Airsage processes these
activity points to define aggregated total
unique visits to each POI by hour, day
and month. It did this by extrapolating
(expanding) the sample of devices to
population-level estimates based on the
number of devices in the panel from each
census tract in a month as compared to
the population of the census tract. In ad-
dition, at a monthly resolution, the data-
set contains estimates of the geographic
origin of visitors to each POI by census
block group, as well as the frequency and
duration of trips. See Merrill et al. (2020)
for a more in-depth description and dis-
cussion of the methods.

>«

We used Airsage’s “byHomelDJointRe-
port” files for this analysis, which provides
binned visitation frequencies of visitors
for each census block group to each POI
ata monthly time resolution. To get to the
total number of trips from a block group
for a month, we summed the trip counts
in each frequency range (1, 2-4, 5-7, 8+
trips) using the midpoint of each range to
represent the bin and a conservative esti-
mate of 8 trips on the last bin (one, three,
six, and eight trips). We used the provided
block group demographics from Airsage
(created from the 2010 U.S. Census) to
create a percentage of the block group
that identifies as White and a percentage
of the block group with annual income
exceeding $100,000. Lastly, we collected
the total population of the census block
groups from the 2010 US Census using
the tidycensus package in R (Walker and
Herman 2024).

Besides the cell phone data and de-
mographics described in the data sec-
tion above, for the economic models, we
needed to estimate the travel cost from
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each block group to each access site.
We accomplished this by calculating
the distance and time through a road
network from the center of each census
block group to the center of each coastal
access area using an Open-Source Rout-
ing Machine (OSRM; Luxen and Vetter
2011). We then calculated the two-way
travel costs in dollar terms, using the
calculated time and distance as follows
(English et al. 2018):

TC, =2[g*miles/adults+(1/3%income /2080
*hours, )] (1)

where:

TC, : Round-trip travel cost from
block group n to site i.

g: Fuel cost,depreciation and main-
tenance per mile at $0.28 per mile. (We
determined per-mile travel costs by
combining gas costs, depreciation, and
maintenance expenses. We sourced gas
and maintenance costs per mile from
AAA [2018].We calculated depreciation
costs based on the difference in annual
depreciation reported by AAA for ve-
hicles driven 20,000 miles compared to
those driven 10,000 miles,divided by
10,000 miles, to estimate the marginal
depreciation cost per mile driven.)

miles_: Miles from block group n to
site i.

Income : Hourly wage income — $30.
(Median household income for Rhode
Island in 2018, $62,266/2,080 hours
[normal number of work hours in a year].
Source: https://www.statista.com/statis-
tics/205995/median-household-income-
in-rhode-island/. We used one-third of
the wage rate for the value of time follow-
ing common practice [Parsons, 2017]).

Hours,: Hours from block group n
to site i.

adults: Average number of adults in a
car for coastal trip — 2.4 (from a survey of
New England coastal recreators [Merrill
et al. 2024]).

METHODS

The value people have for the availabil-
ity and quality of the natural environment
can be conceptualized and measured in
a wide variety of ways depending on the
subject and scope of the questions of
interest and the available information. In
this paper, we used revealed preference
methods. Generally, these are methods
to measure implied economic value us-
ing information on the choices people
make in an observable market. We used
a specific revealed preference valuation
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Price (%)

Visits
Figure 3. Seasonal trip demand curve
for Bristol Town Beach. Y-axis (Price)
shows increase in price over current
travel costs for visitors.

method, the travel cost method. This
method uses people’s choices in trips to a
site, in this case a coastal access area, and
the travel cost to get to the site from their
home to derive a demand curve. This
demand curve allows for the calculation
of the economic value of the trips in the
form of consumer surplus. This method
produces estimates of “use-value” in
monetary terms, or the value people have
for using the resource. These estimates do
not include additional values that people
might have for non-use related aspects
of the areas (e.g., habitat quality, species
existence, bequeath value).

There are many forms of the travel cost
model applied to recreation valuation
depending on the need (Parsons 2017,
Phaneuf and Smith 2005). For this study,
we created a pooled multi-site zonal travel
cost model. This model is designed to
estimate per-capita visitation (e.g., one
trip per 1,000 people) in a season from a
Census block group to an access area as
a function of the travel cost to get to the
sites. We then used this model to create
seasonal trip demand curves describing
the number of fewer trips taken for a
range of increases in travel cost of a visit
to each site. We then use these demand
curves to calculate the aggregate con-
sumer surplus for each site for the season,
the area under the demand curve. Below
we explain the model setup, empirical fit
and consumer surplus simulation.

Log(yin) = ai + ﬁlTCin + [)’ZDn = ein

where:

,,: Per capita trips to access site i from
block group n.

o Site-specific constant.

D : Demographics of block group .

TC,: Travel cost in $ to site i from
block group n.

e,: Error term for site i from block
group n.

(2)
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Figure 4. Total consumer surplus per season ($) for joined coastal access

sites (POI) in Bristol County, RI.

We fit this model using ordinary
least squares (OLS) in R (R Core Team
2021). We then used this model to create
demand curves for each access area, i, by
predicting a vector of per capita trips for
each census block group, across a range
of increasing travel costs, TC, +a, for all
block groups n, where a is a vector from
$0-$5,000 in increments of $20. We then
created a range of total visitation to a site
by multiplying the predicted per capita
trips, y, , by the population of the Census
block group. We added up the total visita-
tion from each census block group to each
access area across the range of increasing
costs. This last step created our seasonal
trip demand curves (see Figure 3 for an
example). To calculate consumer surplus,
or the area under the demand curve and
above the current price, TC,, we used a
natural spline interpolation from the R
package MESS (Ekstroem 2023).! This
created a consumer surplus for each of
the coastal access areas, although for

1) Using an approximation of 1/B1 for per trip con-
sumer surplus produced similar results (McNair et
al. 2022). We used the more complex interpolation
methods in order to keep the numerical routine and
results flexible to various functional form assumptions
for the regression and demand curve.

nine of the 52 we were unable to create
a demand curve due to low observa-
tions and poor regression fits resulting
in unusable demand curves. We created
a per-trip economic value by dividing
this total consumer surplus by the total
number of modeled trips at p=0, or at
the current TC, .

We connected each coastal access
area’s economic value for the season
(consumer surplus from demand curves)
to the sea-level rise inundation levels
(average conditions and in a 10-year
storm event) (Table 1, Figure 4). We then
plotted the total consumer surplus against
the inundation levels in Figures 5 and 6.

RESULTS

Table 1 shows results for each coastal
access area in our study for the selected
scenarios. In general, total visitation was
representative of the relative aggregate
(total) value of the sites. However, differ-
ences in per-visit values derived from the
travel cost methods made this not strictly
the case. For example, Latham Park had
lower total visitation than Crescent Street,
but a higher per-visit value, resulting in it
being higher on the aggregate value rank-
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Table 1.

Consumer surplus and inundation levels at coastal access areas

Consumer Total consumer Inundation Inundation
surplus per surplus per at 3 ft SLR at 10-year
POI name Visits visit ($) season ($) (feet) storm (feet)

Constitution Street, Firefighters Memorial Park, 163,250 54 8,815,500 0.04 213
Prudence Island Ferry, Rockwell Park, State Street Pier,

and Boat Launch, Union Street, Bristol Maritime Center,

Church Street Pier, Gladding

Colt State Park, Poppasquash Road 110,000 42 4,620,000 0.18 2.48
Latham Park 21,106 182 3,841,292 0.91 4.60
Crescent Street 88,396 32 2,828,672 0.00 3.61
East Bay Bike Path/Oliver Street 63,202 43 2,717,686 0.00 2.40
Barrington Police Station Boat Ramp (Police Cove 63,177 40 2,527,080 0.00 1.38
Park), East Bay Bike Path

Bakers Wharf/Baker Street, Wharf Tavern, Miller Street 75,999 31 2,355,969 0.00 1.07
Osamequin Nature Trails and Bird Sanctuary 66,652 34 2,266,168 0.51 4.28
Ferry Road/Old Ferry Road 42,372 50 2,118,600 0.52 3.85
Allen Avenue, Bay Spring Avenue, Woodbine Avenue 23,648 87 2,057,376 0.44 1.86
Wheaton Street Boat Ramp 30,094 51 1,534,794 1.04 4.69
Haines Memorial Park 15,969 79 1,261,551 0.00 0.00
Halsey Chase Herreshoff Park/Walley Street 29,798 41 1,221,718 0.00 0.00
Burr’s Hill Park, Warren Town Beach 35,620 34 1,211,080 0.72 2.55
Bristol Town Beach 23,246 45 1,046,070 0.00 0.00
Juniper Street, Virginia Road 3,540 170 601,800 1.04 4.09
Fales Road 8,135 70 569,450 0.00 1.55
Barrington Town Beach 15,130 33 499,290 0.00 2.43
Bourne Lane 2,197 215 472,355 0.00 3.41
Riverview Street/Barker Avenue 3,969 110 436,590 0.00 1.30
Sherman Avenue 5,580 78 435,240 0.00 2.21
Fatima Drive, Franca Drive/Azalea Drive, San Miguel 6,471 65 420,615 0.01 3.14
Drive, Spruce Lane

Platt Street (Narrows Coastal Access), Sunrise Drive 12,100 34 411,400 0.00 0.00
Walker Farm 11,976 31 371,256 1.82 5.57
Shore Drive (3)/Chace Avenue, Shore Drive (5), 4,867 76 369,892 0.00 0.12
Shore Drive (6), Shore Drive (7)

Shore Road/Teed Avenue 5,583 61 340,563 0.00 0.00
Maple Street 8,984 30 269,520 0.00 1.25
Gibson Road 4,704 56 263,424 0.00 0.00
Watson Avenue 2,827 88 248,776 0.00 0.00
Allin’'s Cove (was Annawamscutt Road), Willow Way 3,641 64 233,024 0.56 3.40
Narrows Fishing Area/Narrows Peninsula, 5,710 35 199,850 0.00 1.57
Narrows Road

Clark Road, Harris Avenue, North Street 4,187 48 200,976 0.41 3.29
Beach Road, Peck Avenue 7,634 23 175,582 0.00 0.75
Kickemuit avenue, Smith Street 5,369 29 155,701 0.92 3.77
Central Avenue 2,248 65 146,120 0.00 0.00
Annawanscutt Drive, Mount Hope Fishing Access 5,114 28 143,192 0.00 1.04
(Mount Hope Boat Launch)

Parker Avenue, Patterson Avenue 5,998 24 143,952 0.65 4.15
King Philip Avenue 4,100 25 102,500 0.00 0.00
Nayatt/Daunis Road 1,558 51 79,458 0.86 4.48
Acre Avenue 2,486 32 79,552 0.00 0.00
Appian Way (Mussachuck Beach) 2,453 16 39,248 0.00 3.31
Elm Lane 1,292 26 33,592 0.00 0.00
Low Lane 377 22 8,294 0.00 0.00

Note: The table is sorted by Total Consumer Surplus per Season ($) from high to low.
- __________________________________________________________|
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Figure 5. Relationship between total consumer surplus per season and
inundation under three feet SLR (gray dot) and a 10-year coastal storm (black
dot). Each point is a particular coastal access area. Some areas with large
consumer surplus are exposed to higher inundation levels.
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Figure 6. Cumulative consumer surplus per season ($) at inundation levels.
For example, approx. $20 million of consumer surplus per season is exposed
to 2.5 or more feet of inundation in the 10-year storm inundation levels.
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ing. Figure 4 maps the total consumer
surplus of each site.

Each of these sites are exposed to
different sea-level rise risks, given their
location and the specific location of the
pedestrian access to the shore within the
area. There are many lower value sites at
higher levels of inundation exposure and
fewer higher value sites with relatively
low risk (Figure 5). We can identify sites
that are relatively high in aggregate value
and also more exposed to sea level rise
than similar sites by looking at outliers.
Keeping with the Latham Park example,
it stands out from the general trend with
value near $4 million per season and sea
level exposure higher than similarly val-
ued sites. This demonstrates the benefits
of this combined analysis in identifying
sites that may be more at risk from sea
level rise from a social perspective, given
integration of people’s values in the analy-
sis. Places with relatively high value and
high risk stand out for attention in plan-
ning due to the potentially higher relative
benefits of mitigation than to similar sites.

Another way to see the economic
value exposed to future sea level rise risks
is to look at the economic value at risk at
various inundation levels (Figure 6). It
demonstrates the distribution of expo-
sure to sea-level rise for a community, or
set of sites, as opposed to looking at the
picture site-by-site. The 10-year storm
results show a larger set of sites and eco-
nomic value at risk from sea-level rise.
When seen from a community planning
perspective, it highlights the need to ad-
dress, not just individual sites or those
most low-lying when storm inundation
is taken into account.

DISCUSSION

We used two sea level rise risk char-
acterizations, inundation under future
conditions with three feet of sea level
rise and inundation from a 10-year storm
event under today’s sea levels. While the
sea level rise scenario shows vulner-
abilities, it is during storm events that
coastal flooding impacts are most acute.
In just the next 30 years, sea level rise
will dramatically shift coastal flooding
frequencies as high tide and storm surges
reach further inland (Sweet et al. 2022).
The inundation levels we associate with a
10-year storm today preview conditions
that these coastal access areas will face
more frequently in the future. So, as is the
case today, storm events put more access
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areas in the affected group with far more
economic value at risk.

Economic valuation techniques have
limitations. Here we estimate only use
values and do not capture any non-use
values that people have for these coastal
access areas. The values we created rep-
resent how the areas are used today, not
how they might be used when sea level
is at the height in the scenarios. Com-
munities will change and adapt, includ-
ing how they use coastal access and who
is living in the area in the future and
their values. The cellular device location
data is based on a sample of people and
is subject to issues of sample bias (Li et
al. 2024). Although we used the data in
a cross-sectional analysis, comparing
areas to each other in the same time
period, the temporal stability of cell data
samples is problematic for longer-term
or time-series analysis (Winder et al.
2025). Creating travel cost models using
cell data is an emerging technique where
we are just starting to understand the
results relative to those from traditional
survey techniques, which themselves
have confounding sampling and bias is-
sues (Bayham et al. 2026). The processing
and aggregation of the cell data leads to
features that may obscure the behavioral
signals that travel cost models rely on.
For example, the provider used in this
study (Airsage) used proprietary algo-
rithms to create trip counts and binned
trip frequencies, which we then used
to create our origin-specific trip counts
(see Data section). These features devi-
ate from traditional data used for travel
cost models that are typically based on a
relatively small sample of reported trips
elicited from individuals, relying on the
accuracy of their recall for trip profiles.
Furthermore, using cell data, we do not
have information for creating individual-
specific travel costs for trips that can be
collected on a survey.

The logic of these bivariate compari-
sons (economic value compared against
inundation levels) assumes sites with
higher inundation levels may have their
economic value more at risk. How vulner-
able access and the resulting economic
value at individual sites is to inundation
depends on site-specific characteristics,
which this study did not capture compre-
hensively. For example, Hino et al. (2019)
showed the cumulative effect of sea level
rise at a single parking lot site producing
anon-linear effect on visitation based on

site characteristics. Understanding the
popular activities at each coastal loca-
tion, or the natural or built infrastructure
present that could mitigate the negative
impacts of rising water, provides impor-
tant site-specific context. For example, a
conceptually similar analysis of the city of
Santa Cruz California’s surf breaks using
cell data focused on site factors related to
surfing activities (Save the Waves Coali-
tion 2025). Our application is simpler
at any given site and we do not create
specific economic loss functional rela-
tionships to inundation. Therefore, our
work should be seen as appropriate for
a larger-scale screening analysis of areas
that are both vulnerable to high waters
physically and currently highly valued. It
is a demonstration of the potential eco-
nomic value at risk. Practically speaking,
site-specific economic loss relationships
to sea level rise are often unavailable or
infeasible to create given the number and
diversity of site types and uses at a large
geographic scale.

From a community perspective, the
cumulative economic value at risk under
different inundation level results (Figure
6) provides a view of the distribution of
this risk in aggregate and potentially a
way to compare this view of vulnerability
across communities at a community-
wide level. In the future, these could be
constructed for multiple communities
(e.g., towns, counties, or states) across a
region to compare vulnerabilities. This
would be a way to integrate the methods
we presented on coastal access with the
multiple-scale resilience planning that is
ongoing, where state, community, and
site-specific plans and actions need to
work together to address the problem
(Reiblich et al. 2017).

Our results do not address what ac-
tions the communities may take to pro-
tect the uses and access of the sites in the
future. For example, the Towns of Warren
and Barrington are considering engineer-
ing solutions such as elevating critical
infrastructure, stormwater retention,
managed retreat, and other adaptation
options. Some of these actions, such as
hardening and building seawalls, create
other consequences to coastal access.
Specifically, hardened structures imple-
mented to hold the line and maintain cur-
rent coastal structures and beaches can
potentially block public coastal access.
However, under Rhode Island law condi-
tions of individual shoreline protection
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structure permits, and other policies can
maintain or ensure public access despite
these adaptation strategies (Rhode Island
Department of State 2024). Generally,
mindful long-term coastal planning and
adaptation strategies that move develop-
ment away from the coast (e.g., retreat),
or hardened strategies that nonetheless
consider and mandate maintaining some
semblance of continued access, can help
maintain use and access to coastal access
sites into the future. Further, legal prin-
ciples like the public trust doctrine and
legislation to fortify the public’s right to
coastal common spaces can help these
efforts.

CONCLUSION

By integrating economic values and
sea-level rise model scenarios, we were
able to create a picture of the vulnerability
of a set of communities’ coastal access
areas. This view of vulnerability captures
people’s values for the areas and not just
the physical vulnerabilities. The ability to
estimate high spatial resolution economic
values with scalable and repeatable meth-
ods offers a more nuanced understand-
ing of the risk and potential economic
benefits of addressing sea-level rise at
specific access areas and comparatively
across areas.
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