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Further testing with other solutions and geographies

The method of assigning the NbS profiles by a shoreline suitability rank needs further
elaboration based on the transect performance, its better spatial snapping to the topobathymetry,
and specific local environmental and geomorphologic data (as such — see INVEST and
CLIMADA). This will help mitigate the external validity issues and extend the applicability of
the model in a broader range of coastal cities both in the US and abroad. These include but are
not limited to the US cities highlighted in the reports of the Union of Concerned Scientists
(UCSUSA, 2017), Amsterdam and Venice Metropolitan Areas as major historic cities at risk of
coastal floods. Further tests will define the correlation and magnitudes of the tourism economy
towards the risk exposure areas.

Further steps towards Building with Nature and Living with water

Contemporary cities need to make the choices in terms of further adaptation of the coastal
communities against the accelerating flood risks. The relocation or protection of tourist business
establishments is essential for the future economic resilience and the image of a city. Together
with the further in-depth cultural and economic assessments this model supports the communities
in prioritization of their choices. Core tangible and intangible assets, visitor behavior and major
sectors constituting the balance of local economy — these are the factors enforcing the research-
based generative approach to designing resilient shorelines. The model has a great potential for
increasing resilience against climate change through the informed risk exposure reduction. These
are the steps the coastal cities need to make today towards better understanding and active
implementation of the principles of building with nature approach to develop and apply the best

practices allowing future generations to successfully learn how to live with water.
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APPENDICES

Appendix 01

Sea level rise scenarios

USACE Peninsula study scenarios
The latest efforts in flood mitigation planning such as USACE Peninsula study and
Louisiana coastal protection masterplan, involved local tide stations observations and expected
high tide flood depths (CPRA, H2, White et al., 2021). USACE data for Sea Level Change are
gathered from the NOAA Center for Operational Oceanographic Products and Services
Application Programming Interface based on observed changes in MSL and SLC projections of
USACE, NOAA, and the Coastal Assessment Regional Scenario Working Group. (USACE,

2022, Table 3.3.2.1; CO-OPS API; Sea Level Tracker). By the year 2032 the incremental RSLC

rates based on NOAA projections identified the level of 0.56 feet is expected for intermediate
rate of sea level rise and 1.01 feet for high rate of sea level rise. The 50-year life of the project
correlates with the intermediate rate of 1.65, and the high of 3.93 feet. According to the National
Oceanographic and Atmospheric Administration, higher average sea levels correlate to higher
storm surge elevations. In the year 2082, assuming a high rate of sea level rise, a 9 ft NAVD88
storm surge inundation would be a 20% Annual Event Probability event. (USACE, 2022).
Climate central probabilistic flood risk model

My study utilized the latest sea level projection models to assess the risks with greater
accuracy and inform the decisions accordingly. Climate Central has integrated future projections
with local data according to Kopp et al. (2017) that included Antarctic physics from DeConto

and Pollard study (2016) as shown in the Figure 33.
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Figure 33. Kopp et al., 2017. Projections of global-mean sea-level (GMSL) rise for three RCPs under probabilistic framework of
Kopp et al. (2014) (a, b) and Antarctic melt model of DeConto and Pollard (2016) (c, d).

My model considered the SLR and storm surge risks per a scenario year and RCP level. |
obtained these levels from the advanced forecast in Risk Finder for Kopp et al. (2017) for SLR
and coastal storm surge of 1% probability of occurrence for each of the RCP"s (see Figure 34).
The projections are based on different levels of heat-trapping pollution over time -
Representative Concentration Pathways (RCPs), as well as different sensitivities of climate and

sea level to pollution (Climate Central Surging Seas, http://riskfinder.org). The limitations of the
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model include natural variability causing sea level fluctuations and departures from projections.
The flood depths in this source are measured from the Mean Higher High Water level of the

Charleston station (MHHW, 1983-2001 national tidal epoch).
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Figure 34. Climate Central Risk Finder, Kopp et al., 2017

The topobathymetric data exported in the Grasshopper model structured the first module
— “Flood Impact Assessment”. I analyzed slopes, extracted the contours for the illustrative clarity
of the terrain conditions, and classified the terrain by depths. The Continuously Updated Digital
Elevation Model (CUDEM) provided better representation of the terrain for both land and
underwater which we need in this model. NCEI Continuously Updated DEM (CUDEM) data
includes NCEI-stewarded bathymetry and topography mosaic DEMs. The depth values in
meters, stored as 32-bit floating point values. The rasters are fine grain with cell sizes range from
1/9 arcsecond to 3 arcseconds, allowing the essential accuracy of building level elevations (see

Figures 35-37).
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Figures 36-37. Long-term scenarios of SLR and coastal storm surge with the tourism/recreation businesses affected, 2082,
RCP’s 4.5 (top) and 8.5 (bottom).
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Appendix 02.

Living Shorelines Suitability

The featured suitability parameters are represented by the shapefiles of secondary GIS
data: Shoreline perimeter structure, Topobathymetry slope, Wetland types, Shoreline
transformation index, Exposure to the maximum fetch energies, and Zoning patterns. Each of the
parameters are ranked from 1 to 5 representing the values gradient from the least suitable to the
most suitable for the NbS sitting. The resulting NbS suitability ranking is calculated as an
average 1 to 5 value of the six variables discussed: NbS_Rank=(IStr_Rank! + ISlope_Rank! + 2
* IWetland_Rank! + 3 * 1Zoning_Suitability! + !Energy_Rank! + 3 * ISCR_R!) /10. In my
model | weighed parameters of structural characteristics of the shoreline segments based on their
importance for the ecosystem's vitality according to the literature review. As such, according to
the study on the Economics of Climate Adaptation (Reguero et al., 2014), urbanization affects
the risks for ecosystems greater than the natural context, and | weigh zoning with the coefficient
of 0.3. The importance of shoreline change is also ranked with 0.3, and the current wetlands
conditions as 0.2. The remaining parameters were equally weighed as 0.1 of the total.
Nevertheless, these parameters might be updated in ArcGIS equation based on the local
conditions and should be further defined based on the updated research. | explained their
components per suitability factor in detail below.

The NbS strategy proposed with “Imagine the wall” study subdivided the perimeter in the
areas of various solutions based on the urban context. In my study land use patterns vary from
the most suitable to ecosystems to the least suitable. Intensive and low-accessible green
interventions are assigned the rank of 1 — industrial zones and private residential areas. The most

suitable for the ecosystem restoration are recreation, conservation, and park uses — corresponding

122



Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 123

with the rank of 5. Since | subdivided the area of interest into the model areas based on the land
use, | can further refer to this parameter when assigning the simplified solution to the model
areas perimeter. The land use factors of the shoreline suitability ranking are illustrated in the

Figures 38-39.

e ke

et ekionial
e R
C Ged O

0 b et

Figures 38-39. Shoreline suitability ranking “Land use” and “Future land use” components (Charleston GIS services, 2022)
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Ecosystem context

The NOAA Environmental sensitivity index shoreline data is classified based on wave
exposure as it relates to coastal storm risk measures. The SACS utilized the NOAA
Environmental Sensitivity Shoreline Index data for a consistent shoreline dataset across the study
area for the primary use of oil spill contingency planning (NOAA 2017, NOAA 2000). The
structure of shorelines defined by SACS South Atlantic study by USACE shows the ecosystem
and man-made structures of the shore (https://data-
sacs.opendata.arcgis.com/apps/f0d3616a44824897albfbdla6flce063/explore). The values from
1 to 5 correspond with hard structures exposed to the winds and waves to wetlands/ marshes/

swamps sheltered from them (See Figure 40)
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Figure 40. Shoreline suitability ranking “Existing Structure” component - (USACE, ESI, 2021)
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The databases of the National Wetland Inventory NWI provide the habitat layers defining
the rank of wetlands suitability of a shoreline segment (FWS, 2020). It is based on visible
hydrologic vegetation, which means the importance of incorporating marine and estuarine
aquatic vegetation on the further stages upon data availability. The distribution of coastal
wetlands around the Charleston Peninsula with the corresponding types allow to rank the areas.
The deepwater wetlands do not provide coastal flood protection, whereas the estuarine and

marine wetlands provide the opportunity to restore the protective ecosystems (See Figure 41).
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Figure 41. Shoreline suitability ranking “Wetlands allocation” component - (FWS, 2020)

Topobathymetric context

Ecosystem restoration and ecosystem-based solutions require a range of topographic

gradients to support diverse vegetation communities and provide ecosystem services. Thus,
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topobathymetric structure of the area is classified into slopes below 3 %, 3-5%, 5-10%, 10-20%,
and over 20 %. According to the NNBF guidelines these parameters correspond with the green-
gray specter of possible ecosystem-based solutions (Bridges et al., 2021 b). Charleston has a
relatively gentle slope with most areas suitable for an array of ecosystem-based solutions.
Nevertheless, this parameter will have more substantial importance in the areas of steeper terrain

(See Figure 42).
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Figure 42. Shoreline suitability ranking “Topobathymetry” component - (NOAA Digital coast, 2021)

Furthermore, ecosystem vegetation requires sediment accumulation to compensate for
compaction, decomposition, and erosion of the seabed surface (Morris et al. 2016). Thus, we aim
to assess sediment supply, accretion, erosion, and distribution of the sedimentation. Sediment

supply is critical for the development and maintenance of wetlands, as it provides the substrate
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for vegetation growth and nutrient cycling. In this study I used the available layers of South
Carolina Living Shoreline Explorer (TNC, 2020,

https://maps.coastalresilience.org/southcarolina/living-shorelines/). The application classifies

shoreline change rates associated with the wind and wave conditions. The estuarine shoreline
transects are examined by associated change rates based on South Carolina Department of Health
and Environmental Control's Office of Ocean and Coastal Resource Management (DHEC
OCRM) using the open-source geospatial tool, AMBUR (Analyzing Moving Boundaries Using
R). The analysis utilized three time steps: 1800s, 1930s, and 2000s, covering a period from 1849
to 2015. The tool also considers the averaged fetch as a factor in wind wave energy, but also
establishes a threshold for estuarine shorelines. This threshold represents the maximum energy
that could be introduced by specific storm events when conditions and wind direction align for
maximum impact. Sites with a maximum fetch distance less than 2.75 miles in any direction are
classified as having low energy potential, while sites with a maximum fetch distance exceeding 6
miles in any direction are classified as high energy potential. These distances are equivalent to a
RWE20 of 200 J/m and 700 J/m, respectively (See Figure 43).

Local inlets, channels, creeks, and estuaries transfer volumes of water and sediments
twice a day. For detailed estimation of these patterns the numeric modeling and observation-
based data will be needed. Future climate and sea-level rise projections can also influence the
sediment transport patterns and the effectiveness of nature-based solutions. Incorporating these
projections into the assessment can help ensure that the solutions are designed to be resilient and

adaptable to changing conditions. (Bouw, 2021)
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Appendix 03.

Nature-based solutions

Basic principles of NbS performance
The meta-analyses of sixty-nine studies conducted by Narayan et al.(2017) has shown
how various habitats reduce wave heights depending on the site conditions - between 35% and
71%. For instance this study shows that wetlands reduce them by 72% (95%CI: 62—-79%). For
the harder solutions, flood protection is mainly defined by width relative to the wave height and
height (see Figure 44). The study of Barbier et al., 2013 analyzes the transects of wetlands to
define their protective values. He defines the flood mitigation capacities by wetlands width and

roughness (see Table 15).
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Figure 44. Narayan et al., 2017. Wave high reduction provided by various ecosystems
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Estimated wetland impacts on attenuating maximum Estimated marginal values of wetlands in terms of avoiding damages to
storm surge levels (S) residential property
Change in storm surge Marginal value
1% change in W, per segment —8.4% to —11.2% 0.1 increase in W, per m $99.29 to $132.87
1% change in Wy per segment —154% to —28.1% 0001 increase in Wy per m $23.72 to $4324
94 to 12.6 km change in Wy —-1m 0.1 increase in W, per segment $591,886 to $792,082
0001 increase in Wy per segment $141,399 to $257,762

Wy is represented by the wetland/water ratio ranging from open water (W =0) to solid marsh (W, =1).

Whr is represented by Manning's n for bottom friction caused by degree of wetland vegetation ranging from no vegetation (Wgr=0.02) to high density vegetation
(Wp = 0.045).

Mean maximum surge level (S) is 2.302 m.

Mean wetland/water ratio (W) is 0.408.

Mean Manning's n (Wg) is 0.032.

Mean transect segment length (x) is 5,961 m.

Based on Tables 51-53.

doi:10.1371/joumal pone 00587151001

Table 15. Wetlands wave attenuation capacity (Barbier et al., 2013)

More specifically, studies show the performance of different ecosystem-based solutions
are explored and explained in the studies of Guerry et al. (2022) and the International Guidelines
for NNBF (Bridges et al., 2021). These are shown in the Figure 46 and explained in detail by a

Nature-based solution below
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Nearshore reefs?*

Nearshore (lower
intertidal/subtidal) reefs made of
structures such as bags of oyster
shell and reef balls made of
baycrete (a cement mixture
composed mostly of Bay sand and
shells) that provide hard substrate
for shellfish including native
Olympia oysters (Ostrea lurida) and
other aquatic plants and animals.
Nearshore reefs can reduce wave
transmission at lower tidal
elevations and stabilize areas in
their lee (Latta and Boyer 2015).

Best suited to shallow water in
areas of low wave action, at the
low end of mudflats. They
generally need to be located
relatively close to shore in order
to create a wave shadow in their
lee, trapping sediment and
reducing marsh edge erosion.
Areas with relatively low salinity
and relatively high turbidity are
less suitable for supporting
native oysters than areas with
higher salinity and lower
turbidity (Subtidal Goals 2010).

Submerged aquatic vegetation
(SAV) refers to all underwater
flowering plants. Eelgrass (Zostera
marina) is the main species in the
lower parts of the San Francisco
Estuary, but other submerged
vegetation species exist
throughout the Bay as well. SAV
can contribute to trapping
sediment and slowing shoreline
erosion.

Salinity and light are limiting
factors for eelgrass beds.
Eelgrass can grow in sand, silt, or
clays, and do best where current
speeds and wave energy are not
excessive. Potential exists to
establish eeigrass beds at depths
less than about 2 m in broad
swaths along the shores of San
Pablo Bay, Central Bay, and
South Bay (Merkel 2005).

Coarse beaches?®

Coarse or composite estuarine
beaches are dynamic features that
can consist of a mixture of sand,
shell, gravel, or cobble. Coarser
gravel and cobble beaches can
dissipate wave energy over shorter
distances and therefore may be
more suitable within an urbanized
and constrained estuary.

Beaches dissipate and reflect
wave energy. They can be placed
in front of levees, roads, or other
infrastructure vulnerable to
wave overtopping, or in front of
marshes vulnerable to erosion.
Groins or other retention
structures should be considered
for beaches implemented along
shorelines where the dominant
waves transport sediment down
the shoreline (i.e., high drift), but
aren’t necessary for naturally
constrained areas (e.g., between
headlands).

Tidal marsh?®

Protecting, maintaining, and
restoring tidal marshes and their
associated tidal flats is critical for
sustaining their flood risk
management services (Goals
Project 2015). Specific actions
include: restoring tidal action to
diked Baylands to restore marshes,
planting native species to
accelerate colonization, placing
sediment to raise subsided areas,
and creating higher areas within
marshes to provide high-tide
refuge. In existing marshes
sediment placement can help
maintain marsh elevation with sea-
level rise.

The topography of the marsh
and its associated mudflat plays
a significant role in wave
refraction, shoaling, and
breaking. Marsh width is one
important factor that influences
the degree to which a tidal
marsh is able to attenuate
waves. Vegetation type,
elevation within the tidal frame,
and salinity levels are important
considerations when designing
marshes for sea level rise
adaptation.

Ecotone levees®

Ecotone levees are gentle slopes or
ramps (with a length to height ratio
of 20:1 or gentler) bayward of
flood risk management levees and
landward of a tidal marsh. They
stretch from the levee crest to the
marsh surface and can provide
wetland-upland transition zone
habitat when properly vegetated
with native clonal grasses, rushes,
and sedges (Nur et al. 2018). They
can attenuate waves, provide high-
tide refuge for marsh wildlife, and
allow room for marshes to migrate
upslope with sea level rise.

Slopes are designed to stretch
down from the crest of the
flood risk management levee to
tidal marsh elevation with a
gradient between 20:1 and
30:1. Subsurface irrigation on
the ecotone levee {i.e., a
“horizontal levee™) can be
incorporated to support fresh
to brackish wetlands on the
levee at the upland edge of the
tidal marsh. Levees wider than
25 m, planted with dense
vegetation between S0—-100 cm
tall, can provide measurable
benefits to tidal marsh
dependent birds, both in the

short- and long-term.
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Barrier islands - living breakwaters
This type of green infrastructure provides a multi-faceted nature-based approach to wave
energy protection by incorporating habitat and recreational features into the engineered structure
seaward from a protected area. The basic principle of allocating this structure offshore provides

the highest potential for wave reduction based on the dissipation (see Figure 45).
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Figure 45. Barrier islands transect and protective principle (Bridges et al, 2021 b.)
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Living bulkheads with softened edges (riprap, vegetated levee)
These solutions represent a half-structured wall with a softened interface suitable for
oyster beds and other ecosystems within the rocky shores and rip-rap. The green parts of the
structures dampen wave energy and provide additional resiliency to the coastline by enhancing

aquatic habitat. The principle and the transect are illustrated with the Figure 48
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Figure 46. Bulkheads with softened edge transect and protective principle (SCAPE, 2020)

Vegetated dikes and levees
These hybrid structures combine a hard moderately steep protective structure allowing
the allocation of vegetation both inland and seaward. They can incorporate surface vegetation

including shrubs with higher wave attenuation capacities (See Figure 49).
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Alternative 1
Raise crest of the dike +17.20 meters
(traditional approach) i Raised Dike

Figure 47. Vegetated dikes transect and protective principle (Bridges et al, 2021 b.)

Horizontal levee
This solution combines a hardened structure with an elongated slope toward the water. It
absorbs wave energy and provides room for tidal wetlands to migrate upslope as seas rise. The
solution has the top elevation allowing the reduction of the storm surge levels under short-term
scenarios. It allows the integration of trails, connectors, greenways, parks, and other green

infrastructure features and temporary outdoor activities (See Figure 50).
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Figure 48. Horizontal levees transect and protective principle (Tonkin & Taylor, 2013)

Wetlands restoration
This is the most naturally based solution among the chosen range, and it requires
especially flat slopes and low wave energies to allow the sustained development of the
ecosystem. Wetlands need to have an additional source of sediments to adjust for the sea level

rise. Therefore, it is essential to avoid hard structures between wetlands and shoreline thus
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allowing the mass accretion. A potential erosion preventing measure will be the structured toeing
of the slope seaward. A 1% increase of the Wetland width along the segments is expected to
reduce storm surge by 8.4% - 11.2%, whereas an 1% in wetland roughness - by 15.4% to 28.1%.
In terms of storm surge depths — it means that 9.4 - 12.6 km of wetlands will reduce the storm

surge by 3 ft (See Figure 51, Table 52).
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Figure 49. Wave-attenuation function of wetlands (Bridges et al., 2021b.)
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Table 17. Wetlands design and performance (Bridges et al., 2021b)

The model assumes that the choice of a transect is related to the most suitable parameters
according to the previously discussed suitability module. The dimensions are chosen based on
the height and slope inclination minimally required to prevent the permanent levels of SLR
expected according to the planning scenarios, while partially attenuating storm surge. This is an
effort to find the golden middle between planning the structures with considerable margins

against the extreme risks, and avoiding preparation to protect the recreation qualities of the site.
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Appendix 04.

Business operation module

The specific assessment equations used in the Hazus model to incorporate business
operation losses include depth-damage and disruption functions. Depth Damage Function (DDF)
curves allow to estimate structural damage repair times and further assess the disruption time
(FEMA, 2009). I need solely retail and tourism services footprints within the study area, that are
summed by sector and used to identify disruption costs. The Hazus model uses a loss function to
compute the economic losses associated with business interruption can be represented with the
following equation:

Economic Loss = Output x (1 - BIF) x R x (1 - OFR),

or “!(!Output_DB! * (1-!BIF!) * IRec_time! * (1-10OFR!)) * IDisruption_Sc2_with!” in
ArcGIS code

where:

Output = Annual output of the business - annual revenue generated by the business that
we take from Hazus data, but either can be estimated based on local economic data

BIF = Business Interruption Factor - the degree of business interruption based on the
sector and can be obtained from the Hazus database or can be customized based on local data.

R = Recovery Time - time required to restore the business to pre-disaster conditions
defined by Hazus multipliers or local inputs

OFR = Output Failure Rate - the extent to which the business is able to recover its output
after the disaster and can be estimated based on local data

| estimated the resulting variables using the Grasshopper interface per an economic sector

of interest (RES4, COM1, COMS) aggregated by model area to represent the potential economic
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losses of operations and their prevention across the scenarios. The model calculated the output
loss by multiplying the impacted services footage times recovery time in months times service
interruption multiplier times average annual output loss per day per square foot. The tables
below provide the explicit model outputs for model areas over the planning scenarios. In the
Figures 18 — 20 the levels of the flood risk exposures are illustrated and compared for “with” and

“without project” situations.

Nn Ratio Ratio - Tourism/ Density Exposed/
Model Areas Occupation pro i protected Nn affected affectod Nn exit Ratioexit  Nnservices Other Pt Nn exposed Prot i
Other 191 96.95% 6 3.06% 0 0.00% 197 0.14 6 3.06%
Retail 27 93.10% 2 6.90% 0 0.00% 29 0.02 2 6.90%
MA1 Entertainment 21 100.00% 0 0.00% 0 0.00% 21 0.01 0 0.00%
Subtotaltourism 48 96.00% 2 4.00% 0 0.00% 50 20.24% 0.04 2 4.00%
239 96.76% 8 3.24% 0 0.00% 247 50 0.17 8 3.24%
Other 141 94.00% 9 6.00% 0 0.00% 150 0.30 9 6.00%
Retail 38 100.00% 0 0.00% 0 0.00% 38 0.08 0 0.00%
MA 2 Entertainment 47 97.92% 1 2.08% 0 0.00% 48 0.10 1 2.08%
Lodging 7 100.00% 0 0.00% 0 0.00% 7 0.01 0 0.00%
Sublotal tourism 92 98.92% 1 1.08% 0 0.00% 93 38.27% 0.19 1 1.08%
233 95.88% 10 4.12% 0 0.00% 243 93 0.49 10 4.12%
Other 379 94.51% 22 5.49% 0 0.00% 401 1.01 22 5.49%
Retail 106 96.36% 4 3.64% 0 0.00% 110 0.28 4 3.64%
MA3 Entertainment 102 94.44% 6 5.56% 0 0.00% 108 0.27 3] 5.56%
Lodging 51 98.08% 1 1.92% 0 0.00% 52 0.13 1 1.92%
Subtotal tourism 259 95.93% 1 4.07% 0 0.00% 270 [Eoza%—Joes 1 4.07%
638 95.08% 33 4.9%% 0 0.00% 671 270 1.69 33 4.92%
Other 40 85.11% 7 14.89% 0 0.00% 47 0.21 7 14.89%
Retail 9 81.82% 2 18.18% 0 0.00% Il 0.05 2 18.18%
Ivas Entertainment 6 75.00% 2 25.00% 0 0.00% 8 004 2 5.00%
Lodging 22 88.00% 3 12.00% 0 0.00% 25 0.11 3 12.00%
Subtotal tourism 37 84.09% 7 15.91% 0 0.00% 44 [EE35%— Jo2o 7 [15.91%
7 84.62% 14 15.38% 0 0.00% 91 44 0.41 14 5.38%
Other 345 83.94% 66 16.00% 0 0.00% 41 0.56 66 6.06%
Retail 83 91.21% 8 8.79% 0 0.00% 91 0.12 8 8.79%
Ivas Entertainment 72 88.89% 9 1.11% 0 0.00% 81 0.1 9 11.11%
Lodging 20 90.91% 2 9.09% 0 0.00% 22 0.03 2, 9.09%
Subtotal tourism 175 90.21% 19 0.79% 0 0.00% 104 32.07% 0.27 [0 lo7o%
520 85.95% 85 14.05% 0 0.00% 605 194 0.83 85
Other 250 96.90% 8 3.10% 0 0.00% 258 0.13 8
Retail 39 95.12% 2 4.88% 0 0.00% M 0.02 2
MA6 Entertainment 37 90.24% 4 9.76% 0 0.00% 4 0.02 4
Lodging 3 100.00% 0 0.00% 0 0.00% 3 0.00 0
Subtotal tourism 79 92.94% 6 7.06% 0 0.00% 85 24.78% 0.04 6
329 95.92% 14 4.08% 0 0.00% 243 85 0.17 14 /
Total 2036 92.37% 164 7.63% o 0.00% 2200 736 063 164 7.63%

Table 18. Tourism sector exposure to SLR and Storm Surge in a short term: Scenarios 1 and 3
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Nn Ratio Ratio h Tourism/ Density Exposed/
Model Areas Occupation pro i protectsd Nn affected A Nn exit Ratioexit  Nn services Other I Nn exposed Prot i
Other 122 61.93% 70 35.53% 5 2.54% 197 0.14 75 38.07%
Retail 21 72.41% i 24.14% 1 3.45% 29 0.02 8 27.59%
MA1 Entertainment 14 66.67% 7 33.33% 0 0.00% 21 0.01 7 33.33%
Subtotal toursm 35 70.00% 14 28.00% 1 2.00% 50 20.24% 0.04 15 30.00%
157 63.56% 84 34.01% 6 2.43% 247 50 0.17 90 36.44%
Other 105 70.00% 43 28.67% 2 1.33% 150 0.30 45 30.00%
Retail 31 81.58% 7 18.42% 0 0.00% 38 0.08 7 18.42%
MA2 Entertainment 34 70.83% 14 29.17% 0 0.00% 48 0.10 14 29.17%
Lodging 74 100.00% 0 0.00% 0 0.00% 7 0.01 0 0.00%
Subtotal tourism 72 77.42% 21 22.58% 0 0.00% 93 38.27% 0.19 21 22.58%
177 72.84% 64 26.34% 2 0.82% 243 93 0.49 66 27.16%
Other 218 54.36% 181 45.14% 2 0.50% 401 1.01
Retail 76 69.09% 33 30.00% 1 0.91% 110 0.28
Imas Entertainment 63 58.33% 43 39.81% 2 1.85% 108 0.27
Lodging 28 53.85% 24 46.15% 0 0.00% 52 0.13
Subtotal toursm 167 61.85% 100 37.04% 3 1.11% 270 0.68
385 57.38% 281 41.88% 5 0.75% 671 270 1.69
Other 28 59.57% 12 36.17% 2 4.26% 47 0.21
Retail 7 63.64% 2 18.18% 2 18.18% 1" 0.05
IMa 4 Entertainment 3 37.50% 3 37.50% 2 25.00% 8 0.04
Lodging 74 28.00% 18 72.00% 0 0.00% 25 0.11
Subtotal tourism 17 38.64% 23 52.27% 4 9.09% 44 [4835% __ Jo.20
45 49.45% 40 43.96% 6 6.59% 91 44 0.41 16 .
Other 228 55.47% 172 41.85% 1" 2.68% 41 0.56 183 44.53%
Retail 66 72.53% 23 25.27% 2 2.20% 91 0.12 25 27.47%
MAS5 Entertainment 50 61.73% T 33.33% 4 4.94% 81 0.11 31 38.27%
Lodging 11 50.00% 10 45.45% 1 4.55% 22 0.03 11 50.00%
Subtotal tourism 127 65.46% 60 30.93% 3.61% 194 32.07% 027 67.00 34.54%
355 58.68% 232 38.35% 18 2.98% 605 194 0.83 250.00 41.32%
Other 207 80.23% 46 17.83% 5 1.94% 258 013 51 19.77%
Retail 29 70.73% 10 24.39% 2 4.88% 41 0.02 12 29.27%
MA6 Entertainment 25 60.98% 16 39.02% 0 0.00% M 0.02 16 39.02%
Lodging 1 33.33% 2 66.67% 0 0.00% 3 0.00 g 66.67%
Subtotal tourism 55 64.71% 28 32.04% 2 2.35% 85 24.78% 0.04 30 35.29%
262 76.38% 74 21.57% 7 2.04% 343 85 017 81 23.62%
Total 1381 63.05% 775 34.35% 44 2.60% 2200 736 0.63 819 36.95%
Table 19. Tourism sector exposure to SLR and Storm Surge in a short term: Scenario 2
. Nn Ratio Ratio Tourism/ Density Nnexposed Exposed/
Model Areas Occupation prol i b i Nn affected f i Nn exit Ratioexit  Nn services Other . il P i
Other 103 52.28% 80 40.61% 14 7.11% 197 0.14 94 A7.72%
Retail 17 58.62% 9 31.03% 3 10.34% 29 0.02 12 41.38%
MA1 Entertainment 14 66.67% 6 28.57% 1 4.76% 21 0.01 7 33.33%
Subtotaltourism 31 62.00% 15 30.00% 4 8.00% 50 20.24% 0.04 19 38.00%
134 54.25% 95 38.46% 18 7.20% 247 50 0.17 13 45.75%
Other 92 61.33% 43 28.67% 15 10.00% 150 0.30 58 38.67%
Retail 29 76.32% 5 13.16% 4 10.63% 38 0.08 9 23.68%
MA 2 Entertainment 33 68.76% 12 25.00% 3 6.25% 48 0.10 15 31.25%
Lodging 6 85.71% 1 14.29% 0 0.00% i3 0.01 1 14.29%
Subtotal tourism 68 73.12% 18 19.35% 7 7.53% 93 38.27% 0.19 25 26.88%
160 65.84% 61 25.10% 22 9.05% 243 93 0.49 83 34.16%
Other 173 43.14% 175 43.64% 53 13.22% 201 101 228 56.80%
Retail 68 61.82% 31 28.18% 11 10.00% 110 0.28 42 38.18%
MA3 Entertainment 51 47.22% 45 41.67% 12 11.11% 108 0.27 57 52.78%
Lodging 21 40.38% 29 55.77% 2 3.85% 52 O.E 31 59.62%
Subtotaltourism 140 51.85% [os____Jas8o% B __——_Jooox 270 [Eo2a% Tose [i30 Ja8.15%
313 46.65% 280 41.73% 78 11.62% 671 270 1.69 358 53.35%
Other 22 46.81% 16 34.04% 9 19.156% 47 0.21 25 53.19%
Retail 7 63.64% 1 9.09% 3 27.271% " 0.05 4 36.36%
WAL Entertainment 3 37.50% 3 37.50% 2 25.00% 8 0.04 5 [62.50%
Lodging 5 20.00% 15 60.00% 5 20.00% 25 0.11 20 80.00%
Subtotal tourism 15 34.00% 19 43.18% 10 2273% 4 0.20 29 6591
37 40.66% 35 38.46% 19 20.88% 91 a4 0.41 54 50.34%
Other 191 46.47% 120 29.20% 100 24.33% 411 0.56 220 53.53%
Retail 64 70.33% 12 13.19% 15 16.48% 91 0.12 27 29.67%
MAS5 Entertainment 47 58.02% 20 24.69% 14 17.28% 81 0.1 34 41.98%
Lodging 7 31.82% 11 50.00% 4 18.18% 22 0.03 15 68.18%
Subtotaltourism 118 60.82% 43 22.16% a3 17.01% 194 32.07% 0.27 76 30.18%
300 51.07% 163 26.94% 133 21.98% 605 194 0.83 296 48.93%
Other 178 68.99% 64 24.81% 16 6.20% 258 0.13 80 31.01%
Retail 23 56.10% 14 34.15% 4 9.76% 41 0.02 18 43.90%
MA6 Entertainment 18 43.90% 16 39.02% 7 17.07% 41 0.02 23 56.10%
Lodging 0 0.00% 3 100.00% 0 0.00% 3 0.00 3 100.00%
Subtotaltourism 41 48.24% 33 38.82% 1 12.94% 85 24.78% 0.04 44 51.76%
219 63.85% 97 28.28% 27 7.87% 343 85 0.17 124 36.15%
Total 1172 53.72% 731 33.16% 297 13.12% 2200 736 0.63 1028 46.28%

Table 20. Tourism sector exposure to SLR and Storm Surge in a short term: Scenario 4
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Exposure Sc Prevented Loss (Without- Op Loss Loss
Model Areas Occupancy Classes of interest No Exposure 1-3 Operation Loss, $ With) With, $ mitigation
Retail Trade 27 2 153,889 153,889 0 100.00%
1 Entertainment & Recreation 21 0 0 0 0 -
Retail Trade 38 0 0 0 0 -
Entertainment & Recreation 47 1 544 254 544 254 0 100.00%
2 Temporary Lodging 7 0 0 0 0 -
Retail Trade 106 4 426,935 426,935 0 100.00%
Entertainment & Recreation 102 6 [2.454,442 |2,454,442 lo 100.00%
3 Temporary Lodging 51 1 1,777,930 1,777,930 0 100.00%
Retail Trade 9 2 63,531 63,531 0 100.00%
Entertainment & Recreation 6 2 2,060,759 2,060,759 0 100.00%
4 Temporary Lodging 22 3 248,904 248,904 0 100.00%
Retail Trade 83 8 1,099,039 1,099,039 0 100.00%
Entertainment & Recreation 72 9 |4,548,900 |4,548‘900 |0 100.00%
5 Temporary Lodging 20 2 93,805 93,805 0 100.00%
Retail Trade 39 2 58,582 58,582 0 100.00%
Entertainment & Recreation 37 4 1,515,522 1,515,522 0 100.00%
6 Temporary Lodging 3 0 0 0 0 -
Total retail 302 18 1,801,976 1,801,976 0 100.00%
Total entertainment 285 22 11,123,877 11,123,877 0 100.00%
Total Lodging 103 6 2,120,639 2,120,639 0 100.00%
Total EIASS 1,3 690 46 15,046,492 15,046,492 0 100.00%
Exit
Occupancy Classes of No Exposure Scenario Disruption Operation Loss ~ Operation Loss  Prevented Loss Loss
Model Areas interest Exposure Sc2 2 With Without, $ Exit, $ (Without-With),$  Op Loss With, $  mitigation
Retail Trade 21 1 7 0 1,689,928 11,363,241 13,053,169 0 100.00%
1 Entertainment & Recreation 14 7 0 0 6,069,884 0 6,069,884 0 100.00%
Retail Trade 31 7 0 0 4441573 0 4441573 0 100.00%
Entertainment & Recreation 34 14 0 1 8,674,673 0 8,130,419 544 254 93.73%
2 Temporary Lodging 7 0 0 0 0 0 0 0 -
Retail Trade 76 33 1 0 10,197,998 11,871,874 22,069,872 0 100.00%
Entertainment & Recreation 63 43 2 2 74,804,935 86,186,348 160,129,420 861,863 99.46%
3 Temporary Lodging 28 24 0 0 11,364,124 0 11,364,124 0 100.00%
Retail Trade 7 2 2 0 214,885 6,353,037 6,567,922 0 100.00%
Entertainment & Recreation 3 3 ) 0 2271 321 206,075,839 mo 100.00%
4 Temporary Lodging 7 18 0 0 1,803,433 0 1,803,433 0 100.00%
Retail Trade 66 23 2 0 5,014,490 11,504,665 16,519,155 0 100.00%
Entertainment & Recreation 50 27 4 0 21,560,993 159,359,511 0 100.00%
5 Temporary Lodging 1 10 1 0 4,215,597 6,840,590 11,056,187 0 100.00%
Retail Trade 29 10 2 0 1,434,996 5,858,176 7,293,172 0 100.00%
Entertainment & Recreation 25 16 0 0 9,028,000 0 9,028,000 0 100.00%
6 Temporary Lodging 1 2 0 0 7,041,252 0 7,041,252 0 100.00%
Total retail 230 76 14 0 22,993 870 46,950,993 69,944,863 0 100.00%
Total entertainment 189 110 8 3 122,409,806 451,621,698 572,625,387 1,406,117 99.76%
Total Lodging 54 54 1 0 24,424 406 6,840,590 31,264,996 0 100.00%
Total EIA Scenario 2 473 240 23 3 169,828,082 505,413,281 673,835,246 1,406,117 99.79%
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Model  Occupancy Classes of NN Exposed Disruption Prevented Loss Loss
Areas interest Protected Sc4 Exit Sc4  With Op Loss Without, $ Op Loss Exit, $ (Without-With) Op Loss With mitigation
Retail Trade 21 5 3 2 1,391,090 41,247,032 42,484,233 153,889 99.64%
1 Entertainment & Recreation 14 6 1 0 5729271 34,061,342 39,790,613 0 100.00%
Retail Trade 31 3 4 4 806,738 363,483,400 360,655,303 l3.634.835 99.00%
Entertainment & Recreation 34 1 3 1 7,195,653 147,902,103 153,618,736 1,479,020 99.05%
2 Temporary Lodging 7 0 0 0 0 0 0 0 =
Retail Trade 76 23 " 4 5,688,273 462,844,417 468,105,755 426,935 99.91%
Entertainment & Recreation 63 33 12 6 44,383,819 712,736,876 754,666,253 2,454 442 99 .68%
3 Temporary Lodging 28 22 2 1 |9,259,858 210,426,620 217,908,548 1,777,930 99.19%
Retail Trade 7 1 3 0 130,184 14,823,141 14,953,325 0 100.00%
Entertainment & Recreation 3 3 2 0 2,271,321 206,075,839 208,347,160 0 100.00%
4 Temporary Lodging 7 13 5 0 1,204,611 59,882,269 61,086,880 0 100.00%
Retail Trade 66 10 15 0 2,592,107 253,742,966 256,335,073 0 100.00%
Entertainment & Recreation 50 17 14 0 13,804 365 935,022,506 | S 100.00%
5 Temporary Lodging 11 7 4 0 3,012,899 127,110,416 130,123,315 0 100.00%
Retail Trade 29 8 4 0 1,025,070 36,375,513 37,400,583 0 100.00%
Entertainment & Recreation 25 9 7 0 4,981,135 404,686,546 409,667,681 0 100.00%
6 Temporary Lodging 1 2 0 0 7,041 252 0 7,041,252 0 100.00%
Total retail 230 50 40 10 11,683,462 1,172,516,469 1,179,834,272 4,215,659 99.64%
Total entertainment 189 79 39 7 78,365,564 2,440,485212 2514917314 3,933,462 99.84%
Total Lodging 54 44 11 1 20,518,620 397,419,305 416,159,995 1,777,930 99.57%

110,517,646 4,010,420,986 4,111,011,581 9,927,051

Tables 21-23. Economic benefits and residual losses for planning scenarios for economic subcategories. Short-term scenarios
(top), long-term RCP’s 4.5 (middle) and 8.5 (bottom)
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Appendix 05.

Charleston NbS performance with recreation multipliers

This module assumes that greener and more walkable public spaces attract recreation,
tourism, and other resilient human activities. The City of Charleston hosted 6.9 million visitors
in 2018 according to Convention and Visitors Bureau (Munday, 2018), making up the ratio of
tourists to residents approximately 47:1 (The Office of Tourism Analysis, 2017). A rapid growth
in tourism of 63.51% over the last decades caused the efforts of more effective management,
such as “Charleston Charter for Sustainable Tourism”, special Overlay Districts and other
measures for enhancing resilience (Tourism Mgmt Plan, 2015 update, p. 9, 2015; Dolan, 2018).
Nevertheless, the visitors flow is essential for the economy, and its patters multiply the potential
visitors spending in historically and recreationally attractive areas. Based on the National Parks,
National Register of Historic places, and commercial services data, the last module assessed the
potential growth of the attractiveness across the model areas. The results are shown in the

Figures 24-26.
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Disruption
Occupancy Classes of Protected, Nn  Exposure, Nn  Disruption With Prevented, Nn, Disruption
Model Areas NbS interest Sc1,3 Sc1,3 NbS,NnSc 1,3 Sc1,3 Prevented, %
Dikes/ Levees/ Retail Trade 27 2 [¢] 2 100.00%
1 - NOMO Oysler Entortainment & Recreation 21 0 [¢] [¢] -
Living Retail Trade 38 (o] (o] 0] -
bulkheads with Entertainment & Recreation 47 1 [¢] 1 100.00%
2 - Port ripraps Tomporary Lodging 7 0 (] [¢] -
Retail Trade 106 4 (6] 4 -
Dikes/ Levees/ Entertainment & Recreation 102 6 [¢] 6 100.00%
3 - East Bay Oyslor Tomporary Lodging 51 1 [¢] 1 100.00%
Retail Trade 9 2 (0] 2 100.00%
Entertainment & Recreation 6 2 (] 2 100.00%
4 - Battery Barrior Island  Temporary Lodging 22 3 [¢] 3 100.00%
Retail Tracle 83 8 0 8 100.00%
Weltlands Entertainment & Recreation 72 9 0 9 100.00%
5 - Marina restoration  Temporary Lodging 20 2 [¢] 2 100.00%
Retail Tracle 39 2 (0] 2 100.00%
6 - Waggener Horizontal Entertainment & Recreation 37 4 [¢] 4 100.00%
Terrace levee Temporary Lodging 3 0 0 [¢] -
Total retail 302 18 0 18 100.00%
Total entertainment 285 22 0 22 100.00%
Total Lodging 103 6 (o] 6 100.00%
Total EIA Scenario 2 690 46 0 46 100.00%
Disruption
Occupancy Classes of Protected, Nn  Exposure, Nn Disruption With Prevented, Nn, Disruption
Model Areas  NbS interest Sc 2 Sc 2 Exitt NnSc2 NbS,NnSc2 Sc2 Prevented, %
Dikes/ Levees/ Retail Trade 21 1 74 0 8 100.00%
1 - NOMO Oyster Entertainment & Recreation 14 T 0 ] 7 100.00%
Living Retail Trade 31 7 0 (o} 7 100.00%
bulkheads with Entertainment & Recreation 34 14 (0] 1 13 92.86%
2 - Port ripraps Temporary Lodging 75 0 0 0 0 -
Retail Tracle 76 33 1 (o] 34 100.00%
Dikes/ Levees/ Entertainment & Recreation 63 43 2 2 43 95.56%
3 - East Bay Oyster Temporary Lodging 28 24 0 (o] 24 100.00%
Retail Trade 7 2 2 0 4 100.00%
Entertainment & Recreation 3 3 2 (6] 5 100.00%
4 - Battery Barrier Island  Temporary Lodging i 18 0 o] 18 100.00%
Retail Tracle 66 23 2 (] 25 100.00%
Wetlands Entertainment & Recreation 50 27 4 6] 31 100.00%
5 - Marina restoration  Temporary Lodging 1 10 i) (o] 11 100.00%
Retail Trade 29 10 2 (6] 12 100.00%
6 - Waggener Horizontal  Entertainment & Recreation 25 16 (0] (6] 16 100.00%
Terrace lovee Temporary Lodging 1 2 0 [¢] 2 100.00%
Total retail 230 76 14 o 90 100.00%
Total entertainment 189 110 8 3 115 97.46%
Total Lodging 54 54 1 o 55 100.00%
Total EIA Scenario 2 473 240 23 3 260 98.86%
Disruption
Occupancy Classes of Protected, Nn  Exposure, Nn Disruption With Prevented, Nn, Disruption
Model Areas  NbS interest Sc 4 Sc 4 Exit, NnSc4 NbS,NnSc4 Sc4 Prevented, %
Dikes/ Levees/ Retail Trade 21 ] 3 2 6 75.00%
1 - NOMO Oysler Entertainment & Recreation 14 6 1 o] 7 100.00%
Living Retail Trace 31 3 4 4 3 42.86%
bulkheads with Entertainment & Recreation 34 1 3 7 18 92.86%
2 - Port ripraps Temporary Lodging i 0 [¢] 0 0 -
Retail Trade 76 23 " 4 30 88.24%
Dikes/ Levees/ Entertainment & Recreation 63 33 12 6 39 86.67%
3 - East Bay Oyster Temporary Lodging 28 22 2 1 28 95.83%
Retail Trade 7 1 3 (0] 4 100.00%
Entertainment & Recreation 8 3 2 (0] 5 100.00%
4 - Battory Barrior Island  Temporary Lodging T4 13 5 [¢] |18 100.00%
Retail Trade 66 10 16 (o] 25 100.00%
Wellands  Entertainment & Recreation 50 17 14 0 31 100.00%
5 - Marina restoration  Temporary Lodging 11 7 4 0 i 100.00%
Retail Trade 29 8 4 o] e 100.00%
6 - Waggener Horizontal Entertainment & Recreation 25 9 7 (0] 16 100.00%
Terrace levee Temporary Lodging 1 2 0 o] 2 100.00%
Total retail 230 50 40 10 80 88.89%
Total entertainment 189 79 39 7 111 94.07%
Total Lodging 54 44 11 1 54 98.18%
Total EIA Scenario 2 473 173 90 18 245 93.16%

Figures 24-26. Adaptation capacity of the NbS across Model areas and planning scenarios.
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Figures 27-28. Exposure to flood risks under scenario 2 - algorithm and the outputs. “Without the project” (top),
and “with the project” (bottom).

145



Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 146

SOURCES
e Aerts, J.CJ.H., Barnard, P.L., Botzen, W., Grifman, P., Hart, J.F., De Moel, H., Mann,
A.N., de Ruig, L.T., Sadrpour, N., 2018a. Pathways to resilience: adapting to sea level rise in
Los Angeles. Ann. N. Y. Acad. Sci. 1427, 1-90. https://doi.org/10.1111/nyas.13917.
e Carl C. Anderson, Fabrice G. Renaud, Stuart Hanscomb, Alejandro Gonzalez-Ollauri,
Green, hybrid, or grey disaster risk reduction measures: What shapes public preferences for
nature-based solutions?, Journal of Environmental Management, Volume 310, 2022, 114727,

ISSN 0301-4797, https://doi.org/10.1016/j.jenvman.2022.114727.

https://www.sciencedirect.com/science/article/pii/S0301479722003000

e Arkema, K.K., Guannel, G., Verutes, G., Wood, S. a., Guerry, A., Ruckelshaus, M.,
Kareiva, P., Lacayo, M., Silver, J.M., 2013. Coastal habitats shield people and property from
sea-level rise and storms. Nat. Clim. Change 3, 1e6."

e Baig, S. P, Rizvi, A., Josella, M., Palanca-Tan, R. 2016. Cost and Benefits of Ecosystem
Based Adaptation: The Case of the Philippines. Gland, Switzerland: IUCN. viii + 32pp.

e Edward B. Barbier,Sally D. Hacker,Chris Kennedy,Evamaria W. Koch,Adrian C.
Stier,Brian R. Silliman. 2011. The value of estuarine and coastal ecosystem services

https://doi.org/10.1890/10-1510.1

e Balachandran, Balakrishnan, Robert B. Olshansky, and Laurie A. Johnson. (2021). Planning
for Disaster-Induced Relocation of Communities. Journal of the American Planning Association.
Doi: 10.1080/01944363.2021.1978855.

e Barbier, E.B., Georgiou, 1.Y., Enchelmeyer, B., Reed, D.J., 2013. The value of wetlands in

protecting southeast Louisiana from hurricane storm surges. PLoS ONE 8.

146


https://doi.org/10.1016/j.jenvman.2022.114727
https://doi.org/10.1890/10-1510.1

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 147

e Edward B. Barbier,Sally D. Hacker,Chris Kennedy,Evamaria W. Koch,Adrian C.
Stier,Brian R. Silliman. 2011. The value of estuarine and coastal ecosystem services.
https://doi.org/10.1890/10-1510.1Citations: 2,779

e Basker, Emek, and Javier Miranda. 2014. “Taken by Storm: Business Financing, Survival,
and Contagion in the Aftermath of Hurricane Katrina.” University of Missouri Working Paper
1406.

e Bernstein Asaf, Matthew T. Gustafson, and Ryan Lewis. (2019). Disaster on the horizon:
The price effect of sea level rise. Journal of Financial Economics, 134, 25 — 272.

e Berke, P. R., & Campanella, T. J. (2006). Planning for Postdisaster Resiliency. The Annals
of the American Academy of Political and Social Science, 604, 192—-207.

http://www.jstor.org/stable/25097788

e Berke, P., J. Cooper, M. Aminto, S. Grabich, and J. Horney. 2014. “Adaptive planning for
disaster recovery and resiliency: An evaluation of 87 local recovery plans in eight states.” J. Am.

Plann. Assoc. 80 (4): 310-323. https://doi.org/10.1080/01944363.2014.976585.

e Berke P, Newman G, Lee J, Combs T, Kolosna C, & Salvesen D (2015). Evaluation of
Networks of Plans and Vulnerability to Hazards and Climate Change: A Resilience Scorecard.
Journal of the American Planning Association, 81(4), 287-302

e Berke, P., & Godschalk, D. 2009. Searching for the good plan: A meta-analysis of plan
quality studies. Journal of Planning Literature, 23(3), 227-240. doi:10.1177/0885412208327014
Godschalk, D. (2003). Urban hazard mitigation: Creating resilient cities. Natural Hazards

Review, 4(3), 136-143. doi:10.1061/(ASCE)1527-6988(2003)4:3(136)

147


http://www.jstor.org/stable/25097788
https://doi.org/10.1080/01944363.2014.976585

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 148

e Marcia Berman, Harry Berquist, Julie Herman, Karinna Nunez, 2007.Last update: 02
August 2016. THE STABILITY OF LIVING SHORELINES - AN EVALUATION Virginia
Institute of Marine Science

e K. Van der Biest, L. De Nocker, S. Provoost, A. Boerema, J. Staes, P. Meire, 2017, Dune
dynamics safeguard ecosystem services, Ocean & Coastal Management, Volume 149, Pages
148-158, ISSN 0964-5691, https://doi.org/10.1016/j.ocecoaman.2017.10.005.

https://www.sciencedirect.com/science/article/pii/S096456911730131X

e Biohabitats, inc., One Architecture & Urbanism, 2020. Imagine The Wall.

https://staticl.squarespace.com/static/5eda715165bf83268529a936/t/61e6d80ad83e09266c5f1bf

7/1642518560151/Imagine+the+Wall reVision+Spreads+200922.pdf

e Boeing, G. (2019). "Nature-Based Solutions for Coastal Erosion and Flooding." Coastal
Management, 47(3), 171-178. doi:10.1080/08920753.2019.1576709

e Bresch, D. N., Franke, J., Frank, C., & Huggel, C. (2018). CLIMADA v1. 4.0: A user-
friendly, probabilistic tool for assessing the impacts of climate change on socio-economic assets.
Geoscientific Model Development, 11(2), 865-880.

e Bridges, T.S., M. Bennion, M. Brown, L. Firth, M. Hooper, D. Moore, D. Scavia, A. Souza,
T. Whigham, and E. Wolanski. (2021). NNBF International Guidelines on Natural and Nature-
Based Features for Flood Risk Management. NNBF Working Group, USA.

e Brody, Samuel, et al. (2021). Chapter 1: “A Comprehensive Framework for Coastal Flood-
Risk Reduction: Charting a Course Toward Resiliency.” in A Blueprint for Coastal Adaptation.
Eds. C. Kousky, B. Fleming, and A.M. Berger. Washington, D.C.: Island Press. Pages 2 — 28.

e  Katharine Burgess, Dr Elizabeth Rapoport, 2019, Climate Risk and Real Estate Investment

Decision-Making, ULI , Heitman

148


https://www.sciencedirect.com/science/article/pii/S096456911730131X
https://static1.squarespace.com/static/5eda715165bf83268529a936/t/61e6d80ad83e09266c5f1bf7/1642518560151/Imagine+the+Wall_reVision+Spreads+200922.pdf
https://static1.squarespace.com/static/5eda715165bf83268529a936/t/61e6d80ad83e09266c5f1bf7/1642518560151/Imagine+the+Wall_reVision+Spreads+200922.pdf

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 149

e |PCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L.
Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell,
E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp.
3-32, doi:10.1017/9781009157896.001.

e K.F. Cann, D. Rh. Thomas, R. L. Salmon, A. P. Wyn-Jones And D. Kay, 2013. Systematic
Review: Extreme water-related weather events and waterborne disease. Epidemiology and

Infection , APRIL 2013, Vol. 141, No. 4. https://www.jstor.org/stable/23360748

e CCRIF 2010 Caribbean Catastrophe Risk Insurance Facility. Enhancing the Climate Risk
and Adaptation Fact Base for the Caribbean

e Chamberlain, C. (2020). Charleston flood study envisions walls to block surging seas, but
not everyone is sold.

e Charleston Resilience Network. (2018). "CRN Response to USACE Peninsula Study."
Retrieved from https://drive.google.com/file/d/1HjSAPY6JWUsPF1fQ2zif4gsO4oJgckf6/view

e Charleston City Paper. (2020). Critics say US Army Corps Charleston flood study misses
mark on equity, climate change. https://www.charlestoncitypaper.com/story/critics-say-us-army-
corps-charleston-flood-study-misses-mark-on-equity-climate-change

e Charleston City Plan, 2021. https://www.charlestoncityplan.com/

e Charleston Area Convention and Visitors Bureau. (n.d.). Reasons to Visit.

https://www.charlestoncvb.com/plan-your-trip/reasons-to-visit/

149


https://www.jstor.org/stable/23360748
https://www.charlestoncityplan.com/
https://www.charlestoncvb.com/plan-your-trip/reasons-to-visit/

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 150

e Charleston Metro Chamber of Commerce. (2021). Economic Impact of Tourism in
Charleston Metro Region. https://www.charlestonchamber.org/wp-
content/uploads/2021/07/2021-Economic-Impact-of-Tourism-in-Charleston-Metro-Region.pdf
e Charleston Area Convention and Visitors Bureau. (2021). Visitor Profile Study.

https://www.charlestoncvb.com/wp-content/uploads/2021/03/2021-Charleston-Visitor-Profile-

Study.pdf

e Chausson, A, Turner, B, Seddon, D, et al. Mapping the effectiveness of Nature-based
Solutions for climate change adaptation. Glob Change Biol. 2020; 26: 6134— 6155.

https://doi.org/10.1111/gcb.15310

e Chausson, A, Turner, B, Seddon, D, et al. Mapping the effectiveness of Nature-based
Solutions for climate change adaptation. Glob Change Biol. 2020; 26: 6134— 6155.

https://doi.org/10.1111/gcb.15310

e Chen Wen L., Muller Peter, Grabowski Robert C., Dodd Nicholas. 2022. Green
Nourishment: An Innovative Nature-Based Solution for Coastal Erosion. Frontiers in Marine

Science. VOLUME 8. https://www.frontiersin.org/articles/10.3389/fmars.2021.814589.

10.3389/fmars.2021.814589

e Chinowsky, P., Price, J. & Neumann, J. Assessment of climate change adaptation costs for
the U.S. road network. Glob. Environ. Change 23, 764—773 (2013).

e  City Of Charleston Civic Design Center, 2021. Charleston Peninsula 3x3x3. Civic design
opportunities.

e Clark, P., Shakun, J., Marcott, S. et al. Consequences of twenty-first-century policy for
multi-millennial climate and sea-level change. Nature Clim Change 6, 360-369 (2016).

https://doi.org/10.1038/nclimate2923

150


https://www.charlestoncvb.com/wp-content/uploads/2021/03/2021-Charleston-Visitor-Profile-Study.pdf
https://www.charlestoncvb.com/wp-content/uploads/2021/03/2021-Charleston-Visitor-Profile-Study.pdf
https://doi.org/10.1111/gcb.15310
https://doi.org/10.1111/gcb.15310
https://www.frontiersin.org/articles/10.3389/fmars.2021.814589.%2010.3389/fmars.2021.814589
https://www.frontiersin.org/articles/10.3389/fmars.2021.814589.%2010.3389/fmars.2021.814589
https://doi.org/10.1038/nclimate2923

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 151

e Climate Central. (n.d.). Sea level rise and coastal flooding impacts. Retrieved April 19,
2023, from https://www.climatecentral.org/research/sealevelrise

e Coastal Conservation League, Sherwood Associates. 2021. Beyond The Wall. An
Exploration Of Alternative Strategies To The Corps Seawall Proposal For Charleston, South

Carolina. https://www.coastalconservationleague.org/projects/charleston-peninsula-coastal-

flood-risk-management-study-by-the-us-army-corps-of-engineers/

https://storymaps.arcgis.com/stories/b931809990d347ab83ab990bd7592ea9

e Cohen-Shacham, Emmanuelle, Gretchen Walters, Christine Janzen and Stewart Maginnis,
eds. (2016). Nature-based Solutions to address global societal challenges. Gland, Switzerland:

IUCN. xiii + 97pp. https://www.iucn.org/sites/dev/files/content/documents/nature-

based solutions to address global societal challenges.pdf.

e DeConto, R., Pollard, D. Contribution of Antarctica to past and future sea-level rise. Nature

531, 591-597 (2016). https://doi.org/10.1038/nature17145

e Costanza, R., Perez-Maqueo, O., Luisa Martinez, M., Sutton, P., Anderson, S.J., Mulder, K.,
2008. The value of coastal wetlands for hurricane protection. AMBIO 37, 241-248.

e N. Edward Coulson, Shawn J. McCoy, lan K. McDonough, Economic diversification and
the resiliency hypothesis: Evidence from the impact of natural disasters on regional housing
values, Regional Science and Urban Economics, Volume 85, 2020, 103581, ISSN 0166-0462,

https://doi.org/10.1016/j.regsciurbeco.2020.103581.

(https://www.sciencedirect.com/science/article/pii/S0166046220302660)

e  Credit Suisse, IUCN, Gordon and Betty Moore Foundation, The Rockefeller Foundation and
Mckinsey Center for Business and Environment (2016). Conservation Finance from Niche to

Mainstream: The Building of an Institutional Asset Class. https://www.credit-

151


https://www.coastalconservationleague.org/projects/charleston-peninsula-coastal-flood-risk-management-study-by-the-us-army-corps-of-engineers/
https://www.coastalconservationleague.org/projects/charleston-peninsula-coastal-flood-risk-management-study-by-the-us-army-corps-of-engineers/
https://storymaps.arcgis.com/stories/b931809990d347ab83ab990bd7592ea9
https://www.iucn.org/sites/dev/files/content/documents/nature-based_solutions_to_address_global_societal_challenges.pdf
https://www.iucn.org/sites/dev/files/content/documents/nature-based_solutions_to_address_global_societal_challenges.pdf
https://doi.org/10.1038/nature17145
https://doi.org/10.1016/j.regsciurbeco.2020.103581
https://www.sciencedirect.com/science/article/pii/S0166046220302660
https://www.credit-suisse.com/media/assets/corporate/docs/about-us/responsibility/banking/conservation-finance-en.pdf

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 152

suisse.com/media/assets/corporate/docs/about-us/responsibility/banking/conservation-finance-

en.pdf

e Davlasheridze, Meri, et al. “Economic Impacts of Storm Surge and the Cost-Benefit
Analysis of a Coastal Spine as the Surge Mitigation Strategy in Houston-Galveston Area in the
USA.” Mitigation and Adaptation Strategies for Global Change, vol. 24, no. 3, 2019, pp. 329-54,
https://doi.org/10.1007/s11027-018-9814-z

e Joseph DeAngelis, June 2018. Zoning for Coastal Flood Resilience. Zoning Practice

e Dyckman, Caitlin, Courtney St. John and James London. (2014). Realizing Managed
Retreat and Innovation in State-Level Coastal Management Planning. Ocean & Coastal
Management 102, 212 — 223.

e Dyckman, C. S., St. John, C., & London, J. B. (2014). Realizing managed retreat and
innovation in state-level coastal management planning. Ocean and Coastal Management, 102,
212-223.

e ECA 2009 Economics of Climate Adaptation. A report of the economics of climate
adaptation working group. A framework for decision-making.

e Emerton, Lucy, 2014. Valuing the Benefits, Costs and Impacts of Ecosystem-based
Adaptation Measures. A sourcebook of methods for decision-making. Deutsche Gesellschaft fur
Internationale Zusammenarbeit (G1Z) GmbH. Bonn and Eschborn, Germany

e European Environmental Agency, 2021. Global and European sea level rise.

https://www.eea.europa.eu/ims/global-and-european-sea-level-rise

e  European Parliament (2017). Nature-Based Solutions: Concept, Opportunities, and

Challenges.

152


https://www.credit-suisse.com/media/assets/corporate/docs/about-us/responsibility/banking/conservation-finance-en.pdf
https://www.credit-suisse.com/media/assets/corporate/docs/about-us/responsibility/banking/conservation-finance-en.pdf
https://www.eea.europa.eu/ims/global-and-european-sea-level-rise

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 153

https://www.europarl.europa.eu/RegData/etudes/BRIE/2017/608796/EPRS BRI(2017)608796

EN.pdf

e FEMA, 2009. Benefit-Cost Analysis Reference Guide. Federal Emergency Management
Agency. Department of Homeland Security

e Federal Emergency Management Agency. (2017). Hazus-MH MR4 Technical Manual.

e Gardner, T. W. (2018). In the Wake of the Storm: A Comparative Analysis of Disaster
Response and Recovery Strategies in Charleston, South Carolina. Journal of Planning Education
and Research, 38(2), 142-156.

e Gedan KB, Kirwan MJ, Wolanski E, Barbier EB, Silliman BR (2011) The present and
future role of coastal vegetation in protecting shorelines: answering recent challenges to the
paradigm. Climatic Change 106: 7-29.

e Godschalk, David R., Timothy Beatley, Philip Berke, David J. Brower, and Edward J.
Kaiser. (1999). Natural Hazard Mitigation: Recasting Disaster Policy and Planning.

e Godschalk, D.R., Rose, A., Mittler, E., Porter, K., West, C.T., 2009. Estimating the value of
foresight: aggregate analysis of natural hazard mitigation benefits and costs. J. Environ. Plann.
Manage. 52 (6), 739-756. https://doi.org/10.1080/09640560903083715.

e Nina Graveline, Marine Grémont, Measuring and understanding the microeconomic
resilience of businesses to lifeline service interruptions due to natural disasters, International
Journal of Disaster Risk Reduction, Volume 24, 2017, Pages 526-538, ISSN 2212-42009,

https://doi.org/10.1016/j.ijdrr.2017.05.012.

(https://www.sciencedirect.com/science/article/pii/S2212420916305295)

153


https://www.europarl.europa.eu/RegData/etudes/BRIE/2017/608796/EPRS_BRI(2017)608796_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2017/608796/EPRS_BRI(2017)608796_EN.pdf
https://doi.org/10.1016/j.ijdrr.2017.05.012

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 154

e Guerry, A.D., Silver, J., Beagle, J. et al. Protection and restoration of coastal habitats yield
multiple benefits for urban residents as sea levels rise. npj Urban Sustain 2, 13 (2022).

https://doi.org/10.1038/s42949-022-00056-y

e Hallegatte, S., Green, C., Nicholls, R.J., Corfee-Morlot, J., 2013. Future flood losses in
major coastal cities. Nature Clim. Change 3 (9), 802-806.

e Liselotte C. Hagedoorn*, 2021. "Estimating Benefits of Nature-based Solutions: Diverging

Values From Choice Experiments With Time or Money Payments. www.frontiersin.org Mark J.
Koetse and www.frontiersin.orgPieter J. H. van Beukering Institute for Environmental Studies
(IVM), Vrije Universiteit, Amsterdam, Netherlands"

e https://doi.org/10. 1038/nclimate1979.

e Hadideh, S., 2019. "Opportunities and Challenges of Public Participation in Post-Disaster
Recovery Planning: Lessons from Galveston, TX". Natural Hazards Review, vol 21, Iss 4,

American Society of Civil Engineers, https://doi.org/10.1061/(ASCE)NH.1527-6996.0000399

e Haley, L. (2019). Living Breakwaters: How Innovative Design Could Help Save
Charleston's Coastline. Charleston City Paper. Retrieved from

https://www.charlestoncitypaper.com/charleston/living-breakwaters-how-innovative-design-

could-help-save-charlestons-coastline/Content?0id=28526197

e Holland, E., & Burnette, C. (2018). "The Future of Floodplain Management in Charleston,
SC." The Palmetto Engineer, 26(1), 10-14.
e Hsiang, Solomon M. and Daiju Narita. 2012. “Adaptation to Cyclone Risk: Evidence from

the Global Cross-Section.” Climate Change Economics 3 (2)

154


https://doi.org/10.1038/s42949-022-00056-y
http://www.frontiersin.org/
https://doi.org/10.%201038/nclimate1979
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000399
https://www.charlestoncitypaper.com/charleston/living-breakwaters-how-innovative-design-could-help-save-charlestons-coastline/Content?oid=28526197
https://www.charlestoncitypaper.com/charleston/living-breakwaters-how-innovative-design-could-help-save-charlestons-coastline/Content?oid=28526197

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 155

e Robert Jeffers and Bill Rhodes. July 06 2016. Development of an Urban Resilience Analysis
Framework. Application to Norfolk, VA and New Oreans, LA. Presentation to 100 Resilient
Cities.

e Johnson, L. A. 2014b. “Long-term recovery planning: The process of planning.” In Planning
for post-disaster recovery: Next generation, edited by J. C. Schwab. Chicago: American Planning

Association. https://www.fema.gov/sites/default/files/2020-06/apa planning-for-post-disaster-

recovery-next-generation 03-04-2015.pdf

e Kazmierczak, A., Carter, J., 2010. Adaptation to Climate Change Using Green and Blue
Infrastructure. A Database of Case Studies. University of Manchester, School of Environment,
Education, and Development, Manchester, England.

e Jesse M. Keenan and Claire Weisz. Blue Dunes. Climate Change by Design. Columbia
Books on Architecture and the City

e Kirezci, E., Young, I.R., Ranasinghe, R. et al. Projections of global-scale extreme sea levels
and resulting episodic coastal flooding over the 21st Century. Sci Rep 10, 11629 (2020).
https://doi.org/10.1038/s41598-020-67736-6

e Koch EW, Barbier EB, Silliman BR, Reed DJ, Perillo GME, et al. (2009) Nonlinearity in
ecosystem services: temporal and spatial variability in coastal protection. Frontiers in Ecology &
the Environment 7: 29-37.

e Kocornik-Mina A, McDermott T K, Michaels G and Rauch F, 2020. “Flooded cities” Am.

Econ. J.: Appl. Econ. 12 35-66. https://www.aeaweb.org/articles?id=10.1257/app.20170066

e Kopp, R. E., DeConto, R. M., Bader, D. A., Hay, C. C., Horton, R. M., Kulp, S.,

Oppenheimer, M., Pollard, D., & Strauss, B. H. (2017). Evolving understanding of Antarctic ice-

155


https://www.fema.gov/sites/default/files/2020-06/apa_planning-for-post-disaster-recovery-next-generation_03-04-2015.pdf
https://www.fema.gov/sites/default/files/2020-06/apa_planning-for-post-disaster-recovery-next-generation_03-04-2015.pdf
https://www.aeaweb.org/articles?id=10.1257/app.20170066

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 156

sheet physics and ambiguity in probabilistic sea-level projections. Earth's Future, 5(12), 1217-
1233. doi: 10.1002/2017EF000663

e Kopp R, Gilmore E, Little C, Lorenzo-Trueba J, Ramenzoni V and Sweet W, 2019. Usable
science for managing the risks of sea-level rise Earth’s Future 7 1235-69.
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2018EF001145

e Kousky, Carolyn. (2021). Chapter 12 "Coastal Urbanism: Designing the Future Waterfront™
Rafi Segal and Susannah Drake In A Blueprint for Coastal Adaptation. Eds. C. Kousky, B.
Fleming, and A.M. Berger. Washington, D.C.: Island Press.

e Kousky, C., Shabman, L., 2017. Federal funding for flood risk reduction in the US: Pre-or
post-disaster? Water Econ. Policy 3(01). Available doi: 10.1142/S2382624X17710011.

e  Prashant Kumar, Sisay E. Debele, Jeetendra Sahani, Nidhi Rawat, Belen Marti-Cardona,
Silvia Maria Alfieri, Bidroha Basu, Arunima Sarkar Basu, Paul Bowyer, Nikos Charizopoulos,
Glauco Gallotti, Juvonen Jaakko, Laura S. Leo, Michael Loupis, Massimo Menenti, Slobodan B.
Mickovski, Seung-Jae Mun, Alejandro Gonzalez-Ollauri, Jan Pfeiffer, Francesco Pilla, Julius
Proll, Martin Rutzinger, Marco Antonio Santo, Srikanta Sannigrahi, Christos Spyrou, Heikki
Tuomenvirta, Thomas Zieher. 2021. Nature-based solutions efficiency evaluation against natural
hazards: Modelling methods, advantages and limitations, Science of The Total Environment,

Volume 784, 147058, ISSN 0048-9697, https://doi.org/10.1016/j.scitotenv.2021.147058.

(https://www.sciencedirect.com/science/article/pii/S0048969721021288)

e Suzanne M. Langridge, Eric H. Hartge, Ross Clark, Katie Arkema, Gregory M. Verutes,
Erin E. Prahler, Sarah Stoner-Duncan, David L. Revell, Margaret R. Caldwell, Anne D. Guerry,
Mary Ruckelshaus, Adina Abeles, Chris Coburn, Kevin O'Connor, Key lessons for incorporating

natural infrastructure into regional climate adaptation planning, Ocean & Coastal Management,

156


https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2018EF001145
https://doi.org/10.1016/j.scitotenv.2021.147058

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 157

Volume 95, 2014, Pages 189-197, ISSN 0964-5691,
https://doi.org/10.1016/j.ocecoaman.2014.03.019.

e Leiter, A.M., Oberhofer, H., Raschky, P.A., 2009. Creative Disasters? Flooding effects on
capital, labour and productivity within European firms. Environ. Res. Econ. 43, 333-350.

e Leuven, JR.F.W,, Pierik, H.J., Vegt, M.v.d. et al. Sea-level-rise-induced threats depend on
the size of tide-influenced estuaries worldwide. Nat. Clim. Chang. 9, 986-992 (2019).

https://doi.org/10.1038/s41558-019-0608-4

e Bongarts Lebbe, T., Beguin Billecocq, I., Vegh, T., & Sarkozy-Banoczy, S. (2022)
Investment Protocol: Unlocking Financial Flows for Coastal Cities Adaptation to Climate
Change and Resilience Building. Blue-tinted white paper. Race to Resilience, High-Level
Climate Champions.

e Lopez, J.A. 2009 The multiple lines of defense strategy to sustain coastal Louisiana. Journal
of Coastal Research Sl (54): 186-197.

e Lin, N., Emanuel, K., Oppenheimer, M., Vanmarcke, E., 2012. Physically based assessment
of hurricane surge threat under climate change. Nature Clim. Change 2 (6), 462.
https://doi.org/10.1038/nclimate1389.

e Loayza, Norman, Olaberria, Eduardo, Rigolini, Jamele, Christiansen, Luc, 2012. Natural
disasters and growth-going beyond the averages. World Dev. 40 (7), 1317-1336.

e Maes, Joaquin, and Sander Jacobs (2015). Nature-Based Solutions for Europe’s Sustainable
Development. Conservation Letters 10(1): 121-124.

https://conbio.onlinelibrary.wiley.com/doi/pdf/10.1111/conl.12216.

157


https://doi.org/10.1038/s41558-019-0608-4
https://conbio.onlinelibrary.wiley.com/doi/pdf/10.1111/conl.12216

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 158

e Maler, K, Li, C. Z., and Destouni, G. 2007. Pricing resilience in a dynamic economy-
environment system: A capital-theoretical approach. Beijer Discussion Papers 208, Royal
Swedish Academy of Sciences, Stockholm.

e  Martinich J, Crimmins A (2019) Climate damages and adaptation potential across diverse
sectors of the United States. Nat. Clim. Change 9:397-404

e Masselink, G., & Lazarus, E. D. (2019). Defining coastal resilience. Water, 11(12), 2587.

doi:https://doi-org.libproxy.clemson.edu/10.3390/w11122587

e Sadie McEvoy, Marjolijn Haasnoot, Robbert Biesbroek, 2021. "How are European countries
planning for sea level rise?" Ocean & Coastal Management, VVolume 203, 105512, ISSN 0964-

5691, https://doi.org/10.1016/j.0ocecoaman.2020.105512.

https://www.sciencedirect.com/science/article/pii/S0964569120304191

o  (https://www.sciencedirect.com/science/article/pii/S0169204622000238)

e Moraes Roberta P. L., Reguero Borja G., Mazarrasa Inés, Ricker Max, Juanes José A. 2022.
Nature-Based Solutions in Coastal and Estuarine Areas of Europe. Frontiers in Environmental
Science, VOLUME=10 https://www.frontiersin.org/articles/10.3389/fenvs.2022.829526.
DOI=10.3389/fenvs.2022.829526

e Narayan, S., Beck, M.W., Wilson, P. et al. The Value of Coastal Wetlands for Flood
Damage Reduction in the Northeastern USA. Sci Rep 7, 9463 (2017).

https://doi.org/10.1038/s41598-017-09269-z

e Neitsch, S. L., Arnold, J. G., Kiniry, J. R., & Williams, J. R. (2011). Soil and Water
Assessment Tool Theoretical Documentation: Version 2009. Texas Water Resources Institute.
e Edward Ng and Chao Ren, The Urban Climatic Map for Sustainable Urban Planning,

published 2015 by Routledge, ch 27, 29

158


https://doi-org.libproxy.clemson.edu/10.3390/w11122587
https://doi.org/10.1016/j.ocecoaman.2020.105512
https://www.sciencedirect.com/science/article/pii/S0964569120304191
https://doi.org/10.1038/s41598-017-09269-z

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 159

e Nhung T.H. Nguyen, Daniel A. Friess, Peter A. Todd, Tessa Mazor, Catherine E. Lovelock,
Ryan Lowe, James Gilmour, Loke Ming Chou, Natasha Bhatia, Zeehan Jaafar, Karenne Tun, Siti
Maryam Yaakub, Danwei Huang, Maximising resilience to sea-level rise in urban coastal
ecosystems through systematic conservation planning, Landscape and Urban Planning, Volume

221, 2022, 104374, ISSN 0169-2046, https://doi.org/10.1016/j.landurbplan.2022.104374.

e Noble, I.R., Hug, S., Anokhin, Y.A., Carmin, J., Goudou, D., Lansigan, F.P., Osman-Elasha,
B., Villamizar, A., 2014. Adaptation needs and options. In: Field, C.B., Barros, V.R., Dokken,
D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O.,
Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White,
L.L. (Eds.), Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group 1l to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, pp. 833-868.

e OECD (2019), "Emerging approaches to coastal adaptation™, in Responding to Rising Seas:
OECD Country Approaches to Tackling Coastal Risks, OECD Publishing, Paris,

https://doi.org/10.1787/b01ad17a-en.

e OECD, 2019, Responding to Rising Seas: OECD Country Approaches to Tackling Coastal
Risks, OECD Publishing, Paris, https://doi. org/10.1787/9789264312487-en.

e Pasquali, D., & Marucci, A. (2021). The effects of urban and economic development on
coastal zone management. Sustainability, 13(11), 6071. doi:https://doi-
org.libproxy.clemson.edu/10.3390/su13116071

e  Peiwen Lu, Dominic Stead, 2013. "Understanding the notion of resilience in spatial

planning: A case study of Rotterdam, The Netherlands". Cities, Volume 35, Pages 200-212,

159


https://doi.org/10.1016/j.landurbplan.2022.104374
https://doi.org/10.1787/b01ad17a-en
https://doi/

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 160

ISSN 0264-2751, https://doi.org/10.1016/j.cities.2013.06.001.

https://www.sciencedirect.com/science/article/pii/S0264275113000851

e  Peterson, Jeffrey. (2019). A New Coast: Strategies for Responding to Devastating Storms
and Rising Seas. Washington, D.C.: Island Press
e Post and Courier. (2020). Charleston flood study meets pushback from community

advocates. The Post and Courier. https://www.postandcourier.com/news/charleston-flood-study-

meets-pushback-from-community-advocates/article b2c0d162-0a04-11eb-8aae-

1f69dd5ba834.html

e Powell, E.J., Tyrrell, M.C., Milliken, A. et al. A review of coastal management approaches
to support the integration of ecological and human community planning for climate change. J

Coast Conserv 23, 1-18 (2019). https://doi.org/10.1007/s11852-018-0632-y

e Quinn, C. E., Cooper, J. A., & Mendelssohn, I. A. (2019). Assessing the economic viability
of nature-based solutions for coastal hazards mitigation: a cost—benefit analysis in the Gulf of
Mexico. Environmental Science & Technology, 53(12), 6949-6960. doi:
10.1021/acs.est.8b06651

e Leander Raes, Damien Mittempergher, Matias Piaggio and Juha Siikaméki. 2021. [IUCN
Economic Knowledge Unit, Nature-based Recovery can create jobs, deliver growth and provide
value for nature, IUCN, Nature-based Recovery Initiative Technical Paper No. 3

e Raymond, C.M., Berry P., Breil M., Nita M. R., Kabisch N., de Bel M., Enzi V.,
Frantzeskaki N., Geneletti D., Cardinaletti M., Lovinger L., Basnou C., Monteiro A., Robrecht
H., Sgrigna G., Munari L., Calfapietra C. (2017). An impact evaluation framework to support

planning and evaluation of nature-based solutions projects. Report prepared by the EKLIPSE

160


https://www.sciencedirect.com/science/article/pii/S0264275113000851
https://www.postandcourier.com/news/charleston-flood-study-meets-pushback-from-community-advocates/article_b2c0d162-0a04-11eb-8aae-1f69dd5ba834.html
https://www.postandcourier.com/news/charleston-flood-study-meets-pushback-from-community-advocates/article_b2c0d162-0a04-11eb-8aae-1f69dd5ba834.html
https://www.postandcourier.com/news/charleston-flood-study-meets-pushback-from-community-advocates/article_b2c0d162-0a04-11eb-8aae-1f69dd5ba834.html
https://doi.org/10.1007/s11852-018-0632-y

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 161

Expert Working Group on Nature-based Solutions to Promote Climate Resilience in Urban
Areas. Centre for Ecology & Hydrology, Wallingford, United Kingdom

e Borja G. Reguero, Michael W. Beck, David Schmid, Daniel Stadtmdller, Justus Raepple,
Stefan Schiissele, Kerstin Pfliegner, Financing coastal resilience by combining nature-based risk
reduction with insurance, Ecological Economics, Volume 169, 2020, 106487, ISSN 0921-8009,
https://doi.org/10.1016/j.ecolecon.2019.106487.

e Lars T. de Ruig, Patrick L. Barnard, W.J. Wouter Botzen, Phyllis Grifman, Juliette Finzi
Hart, Hans de Moel, Nick Sadrpour, Jeroen C.J.H. Aerts, An economic evaluation of adaptation
pathways in coastal mega cities: An illustration for Los Angeles, Science of The Total
Environment, Volume 678, 2019, Pages 647-659, ISSN 0048-9697,

https://doi.org/10.1016/j.scitotenv.2019.04.308.

e Reguero, B.G. & Bresch, David & Beck, Michael & Calil, Juliano & Meliane, Imén.
(2014).Coastal risks, nature-based defenses and the economics of adaptation: an application in
the gulf of Mexico, USA. Coastal Engineering Proceedings. 1. 10.9753/icce.v34.management.25.
e Reguero BG, Beck MW, Bresch DN, Calil J, Meliane | (2018) Comparing the cost
effectiveness of nature-based and coastal adaptation: A case study from the Gulf Coast of the
United States. PLOS ONE 13(4): e0192132. https://doi.org/10.1371/journal.pone.0192132

e Sallenger AH, Doran KS, Howd PA (2012) Hotspot of accelerated sea-level rise on the
Atlantic coast of North America. Nat Clim Chang 2:884-888"

e Linda Shi, Andrew M. Varuzzo, Surging seas, rising fiscal stress: Exploring municipal fiscal
vulnerability to climate change, Cities, Volume 100, 2020, 102658, ISSN 0264-2751,

https://doi.org/10.1016/j.cities.2020.102658.

(https://www.sciencedirect.com/science/article/pii/S0264275118314100)"

161


https://doi.org/10.1016/j.scitotenv.2019.04.308
https://doi.org/10.1016/j.cities.2020.102658
https://www.sciencedirect.com/science/article/pii/S0264275118314100

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 162

e Schuster, E., Doerr, P., 2015. A guide for incorporating ecosystem service valuation into
coastal restoration projects. The Nature Conservancy, New Jersey Chapter. Delmont, NJ.

e Seddon N, Chausson A,Berry P, Girardin CAJ, Smith A, Turner B. 2020Understanding the
value and limits ofnature-based solutions to climate change andother global challenges.Phil.

Trans. R. Soc. B375: 20190120.http://dx.doi.org/10.1098/rsth.2019.0120

e Sharp, R., Tallis, H.T., Ricketts, T., et al. (2016). INVEST User's Guide. The Natural
Capital Project, Stanford University, University of Minnesota, The Nature Conservancy.

e Tien Shiao, Cora Kammeyer, Gregg Brill, Laura Feinstein, Michael Matosich, Kari
Vigerstol and Carla Miller-Zantop (2020). Business Case for Nature-Based Solutions:
Landscape Assessment. United Nations Global Compact CEO. Water Mandate and Pacific
Institute. Oakland, California. www.ceowatermandate.org/nbs/landscape

e Erika Spanger-Siegfried, Kristina Dahl, Astrid Caldas, Shana Udvardy, Rachel Cleetus,
Pamela Worth and Nicole Hernandez Hammer. (2017). When Rising Seas Hit Home: Hard
Choices Ahead for Hundreds of U.S. Coastal Communities. Union of Concerned Scientists.

Available from: https://www.ucsusa.org/resources/when-rising-seas-hit-home

e The State. (2020). New USACE report outlines proposals to protect Charleston from
flooding. The State. https://www.thestate.com/news/local/article246882962.html

e Sandler and Schwab, Chapters 1 — 2, 10: “Hazards and Disasters, “Preparedness, Hazard
Mitigation, and Climate Change” and “Risk Assessment: Identifying Hazards and Vulnerability.
e Yan Song, Chaosu Li, Robert Olshansky, Yang Zhang & Yu Xiao (2017): Arewe planning
for sustainable disaster recovery? Evaluating recovery plans after the Wenchuanearthquake,
Journal of Environmental Planning and Management

http://dx.doi.org/10.1080/09640568.2017.1282346

162


http://dx.doi.org/10.1098/rstb.2019.0120
https://www.ucsusa.org/resources/when-rising-seas-hit-home
http://dx.doi.org/10.1080/09640568.2017.1282346

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 163

e Kihwan Song, Yun-Eui Choi, Hyo-Joo Han, Jinhyung Chon, Adaptation and transformation
planning for resilient social-ecological system in coastal wetland using spatial-temporal
simulation, Science of The Total Environment, Volume 789, 2021, 148007, ISSN 0048-9697,
https://doi.org/10.1016/j.scitotenv.2021.148007.

e Sundar, V., Sannasiraj, S. A., & Sukanya, R. B. (2022). Sustainable hard and soft measures
for coastal protection — case studies along the indian coast. Marine Georesources and
Geotechnology, 40(5), 600-615. doi:https://doi-
org.libproxy.clemson.edu/10.1080/1064119X.2021.1920650

e Taylor, Judith, Norman S. Levine, Ernest Muhammad, Dwayne E. Porter, Annette M.
Watson, and Paul A. Sandifer. 2022. "Participatory and Spatial Analyses of Environmental
Justice Communities’ Concerns about a Proposed Storm Surge and Flood Protection Seawall"
International Journal of Environmental Research and Public Health 19, no. 18: 11192.
https://doi.org/10.3390/ijerph191811192

e Alexandra Toimil, Pedro Diaz-Simal, Inigo J. Losada, Paula Camus, Estimating the risk of
loss of beach recreation value under climate change, Tourism Management, VVolume 68, 2018,

Pages 387-400, ISSN 0261-5177, https://doi.org/10.1016/j.tourman.2018.03.024.

(https://www.sciencedirect.com/science/article/pii/S0261517718300748)

e Richard S. J. Tol, Richard J. T. Klein, Robert J. Nicholls "Towards Successful Adaptation to
Sea-Level Rise along Europe's Coasts,” Journal of Coastal Research, 2008(242), 432-442, (1
March 2008)

e  University of Oxford. (2019). Nature-Based Solutions Initiative. Oxford: University of

Oxford Department of Zoology. https://www.naturebasedsolutionsinitiative.org/

163


https://doi.org/10.1016/j.tourman.2018.03.024
https://www.sciencedirect.com/science/article/pii/S0261517718300748
https://www.naturebasedsolutionsinitiative.org/

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 164

e United States Army Corps of Engineers. (2015). Charleston peninsula study: Coastal storm
risk management feasibility study.

https://www.sac.usace.army.mil/Portals/43/docs/Civil%20Works/Charleston%20Peninsula%20S

tudy/Charleston%20Peninsula%20Study%20Final%20Report%20with%20Appendices.pdf

e U.S. Army Corps of Engineers. (2016). HEC-RAS River Analysis System: Hydraulic
Reference Manual. Davis, CA: Hydrologic Engineering Center.

e USACE, 2022. Charleston Peninsula Study. Coastal Storm Risk Management Study. Final
Feasibility Report / Environmental Impact Statement.

e USACE, 2020. Charleston Peninsula Study. Economic Feasibility assessment
https://www.sac.usace.army.mil/Portals/43/docs/civilworks/peninsulastudy/Draft%201FR-
EA/Draft%20Feasibility%20Report_EA.pdf

e USDA Natural Resources Conservation Service. (2011). WinTR-20: User's Manual.

e U.S. Geological Survey. (2011). Hydrologic Landscape Regions: A Framework for
Managing Forested Landscapes for Water. USGS Circular 1368.

e Paul Voosen, 2022. “Global warming is speeding up ocean currents. Here’s why. Excess
heat constricts water flow in shallow surface layers™ Science.

https://www.science.org/content/article/global-warming-speeding-ocean-currents-here-s-why

e de Vriend, Huib & van Koningsveld, Mark & Aarninkhof, Stefan. (2014). 'Building with
nature': The new Dutch approach to coastal and river works. ICE Proceedings Civil Engineering.
167. 18-24. 10.1680/cien.13.00003.

e Wagonner and Ball, 2019. Dutch Dialogues Charleston. Historic Charleston Foundation,

City of Charleston.

164


https://www.sac.usace.army.mil/Portals/43/docs/Civil%20Works/Charleston%20Peninsula%20Study/Charleston%20Peninsula%20Study%20Final%20Report%20with%20Appendices.pdf
https://www.sac.usace.army.mil/Portals/43/docs/Civil%20Works/Charleston%20Peninsula%20Study/Charleston%20Peninsula%20Study%20Final%20Report%20with%20Appendices.pdf
https://www.sac.usace.army.mil/Portals/43/docs/civilworks/peninsulastudy/Draft%20IFR-EA/Draft%20Feasibility%20Report_EA.pdf
https://www.sac.usace.army.mil/Portals/43/docs/civilworks/peninsulastudy/Draft%20IFR-EA/Draft%20Feasibility%20Report_EA.pdf
https://www.science.org/content/article/global-warming-speeding-ocean-currents-here-s-why

Clemson CRP. Thesis research. Doctor C. Dyckman. Prepared by Ok.Veselkova 165

e Wedding LM, Reiter S, Moritsch M, Hartge E, Reiblich J, Gourlie D, Guerry A. Embedding
the value of coastal ecosystem services into climate change adaptation planning. PeerJ. 2022
Aug 23;10:e13463. doi: 10.7717/peerj.13463. PMID: 36032941; PMCID: PMC9415443.

e  Wiering, Marcus & Green, Colin & Rijswick, H.F.M.W. & Priest, Sally & Keessen, Andrea.
(2015). The rationales of resilience in English and Dutch flood risk policies. Journal of Water
and Climate Change. 6. 10.2166/wcc.2014.017.

e van Zelst, V.T.M., Dijkstra, J.T., van Wesenbeeck, B.K. et al. Cutting the costs of coastal
protection by integrating vegetation in flood defences. Nat Commun 12, 6533 (2021).
https://doi.org/10.1038/s41467-021-26887-4

e Ziyuan Luo, Jian Tian, Jian Zeng, Francesco Pilla, Resilient landscape pattern for reducing
coastal flood susceptibility, Science of The Total Environment, VVolume 856, Part 1, 2023,

159087, ISSN 0048-9697, https://doi.org/10.1016/j.scitotenv.2022.159087.

165


https://doi.org/10.1038/s41467-021-26887-4
https://doi.org/10.1038/s41467-021-26887-4
https://doi.org/10.1038/s41467-021-26887-4

