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EXECUTIVE SUMMARY

The coastal plain of North Carolina faces some of the highest rates of sea level rise (SLR)
in the United States (Sweet et al., 2022). SLR is expected to displace millions of people, damage
critical infrastructure, and cause irreversible harm to coastal communities, ecosystems, and
economies. SLR has already caused a large increase in the number of days that produce high-
tide, or sunny-day, flooding, and this phenomenon is expected to occur ten times more often than
it does today within the next 30 years (Sweet et al., 2022). Threats to coastal landscapes and
communities stem not only from SLR but are exacerbated due to heightened intensity and
frequency of hurricanes and storm surges (Knutson et al., 2020).

Currently, there is no tool that can accurately forecast near-term SLR at a parcel scale.
The most common platform used is NOAA’s Sea Level Rise Viewer, which includes regional 3-
meter datasets for SLR forecasts of 1-10ft (NOAA Office for Coastal Management, 2024). Due
to the resolution of these layers, they fail to show the nuances of flooding from SLR at a hyper-
local scale. Given the fact that SLR is accelerating, there is an urgent need for mapping tools that
can help inform climate adaptation strategies and enhance coastal resilience. This study was
conducted in partnership with the North Carolina Coastal Land Trust (NCCLT) to create high
resolution near-term SLR forecasts for five land tracts within the coastal plain to provide
climate-driven datasets to incorporate into decisions regarding future conservation efforts, land
acquisition priorities, and coastal management.

The methods of this study follow the National Oceanic and Atmospheric Administration
(NOAA) Detailed Method for Mapping Sea Level Rise Inundation guide for creating inundation
depth grids of 1-3ft of SLR at five land tracts owned by NCCLT (NOAA Office for Coastal
Management, 2017). To show hyper-local forecasts of inundation, light detection and ranging
(LiDAR) ground elevation points from NOAA’s Digital Coast were used to process a 1-meter
Digital Elevation Model (DEM) at each focus tract (NOAA Office for Coastal Management,
n.d.). This DEM, as well as a tidal variability surface, created using tidal surface elevation data
relative to mean higher high-water (MHHW), were used as the baseline for calculating
hydrological connectivity and extracting inundation depth to show SLR forecasts of 1-3ft
(National Oceanic and Atmospheric Administration, n.d.-c). These methods were scripted into a
Python tool so NCCLT can easily and efficiently reproduce this analysis to create inundation
layers for any location in the coastal plain of North Carolina. The downscaled 1-meter
inundation grids created in this report were then compared to the 3-meter regional datasets from
NOAA in 15 maps covering all 5 focus tracts.

The results suggest that elevation data is the dominant covariate to produce hyper-local
forecasts and accurately show near-term SLR inundation. By downscaling the regional data into
parcel scale grids, a smoother, more precise layer was produced. In all forecasts, except for three,
the downscaled results showed a smaller extent of inundation compared to the regional layers. In
some cases, the 3-meter data showed double the percent of the tract inundated than the 1-meter
data. The parcel scale data identified highly specific hydrological characteristics and features in
each tract, including minute drainages and small tributaries, roads, and connectivity surfaces that



the regional data layers were unable to identify due to larger pixel sizes. Another key takeaway
was that the difference in percent inundation was greatest at the earliest onset of SLR. This
suggests that creating hyper-local, high-resolution forecasts is critical to fully understanding the
nuances of near-term SLR impacts. Since these methods were scripted into a tool, the maps can
be updated with more recent LIDAR as new data is released, and depth grids can be made for
areas of interest or ongoing land acquisition targets outside of the study area. With the highest
resolution data possible, NCCLT will be able to focus on enhancing coastal resiliency and make
informed decisions rooted in climate science. The results of this study will play a large role in
helping to shape the future trajectory of how land is protected within the coastal plain of North
Carolina.
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BACKGROUND

By the end of this century, SLR is expected to permanently submerge coastlines across
the United States, resulting in flooding, increased shoreline erosion, and exacerbated devastation
from severe weather events (Sweet et al., 2022). Global SLR has more than doubled in the last
30 years from ~2.1 mm/year in 1993, to ~4.5 mm/year in 2023 (Hamlington et al., 2024). Almost
30% of the population resides in coastal areas, where population densities are more than five
times greater than the U.S. average and only growing (NOAA, n.d.; United States Census
Bureau, 2024). The Southeast is experiencing the highest rates of SLR in the country (Mooney et
al., 2024; Sweet et al., 2022). In particular, North Carolina has already experienced devastating
impacts from higher water levels, with many coastal counties familiar to huge losses in
infrastructure, coastal wetlands, and community assets (Chapman, 2024; Mooney et al., 2024;
O'Driscoll et al., 2024; Woods Hole Oceanographic Institution, 2018). With no sign of slowing
down, SLR impacts will continue to increase in frequency and severity, threatening
infrastructure, regional industries, public safety, drinking water supplies, power plants, wells,
and wastewater treatment facilities (NC Sea Grant, 2024). It is estimated that North Carolina will
have to spend over $35 billion in just the next 20 years in costs associated with SLR (deBruyn,
2019).

Other Coastal Impacts Associated with Sea Level Rise

Sea level rise, coupled with large tropical storms and severe weather events, has caused
extremely harmful disasters associated with flooding. (Knutson et al., 2020). When water levels
are already higher, storm surges and flooding are more frequent and dangerous. Higher water
levels lead to increased high-tide flooding, also called nuisance or sunny-day flooding. NOAA
reported that high tide flooding happened twice as often as it did in 2000 when compared to 2021
and 1in just 25 years, it is predicted that sunny-day flooding could happen up to 75 days per year
(Chapman, 2024). The challenges that come with flooding include mitigating infrastructure
damage, overflooded storm drains, washed out roads, saltwater intrusion, and other
environmental harm caused by pollutant runoff and harmful algal bloom:s.

Regional Changes in Sea Level Rise

SLR impacts are nuanced and dependent on environmental, social, and human factors
that control how ecosystems respond, who is at risk to flooding, and what damages may occur. In
many locations along the eastern U.S. coastline, the rate of local SLR is greater than the global
average due to processes like post-glacial rebound, subsidence, erosion, and oil and groundwater
pumping (Lindsey, 2023). Other geologic factors like soil type, erosion, soil drainability,
landslide susceptibility, storm exposure and intensity, and land use can also affect where water
floods. SLR is not an equal threat to all coastal communities, and it can vary county to county.
For example, Cape Hatteras in North Carolina has experienced about a foot and a half of sea



level rise since 2000, compared to about one foot of rise in New York City and Miami (Woods
Hole Oceanographic Institution, 2018).

North Carolina & Sea Level Rise

SLR is inundating the coastal plain of North Carolina at alarming speeds (NC Sea Grant,
2024). Since 2010, Wilmington, NC, reported that sea levels have risen more than seven inches,
with predictions that sea levels could rise by one to two feet more in just 30 years (Mooney et al.,
2024). North Carolina has also experienced a particularly accelerated rate in nuisance flood days
since the 1980s (Sweet et al., 2014). Moderate coastal flooding over the next 30 years is
expected to occur more than 10 times as often as it does today (Sweet et al., 2022). On top of
high tide flooding, Carteret, Dare, and Hyde County, rank second, third and fourth overall for the
most landfalling hurricanes in the U.S. (United States Census Bureau, 2024). The coastal plain is
very low relief, meaning this region is at high risk of being permanently underwater as the ocean
rises (Lindsey et al., 2021). To date, many coastal managers have failed to equip shorelines for
the inevitable onset of SLR, which has already choked septic systems, caused insurance rates to
skyrocket, homes to collapse into the ocean, and has left communities with irreversible damages
(Barber, 2024a, 2024b; National Park Service, 2018; O’Driscoll et al., 2024; Vorhees et al.,
2022).

Enhancing Coastal Resilience in North Carolina

As SLR persists, managers look toward building coastal resilience. NOAA defines
coastal resilience as, “...building the ability of a community to ‘bounce back’ after hazardous
events such as hurricanes, coastal storms, and flooding...” (NOAA, 2024). Coastal resilience
encompasses both human and natural dimensions that enable communities to mitigate climate
impacts. SLR is not showing any sign of stopping, but actions can be taken to ease the shock of
natural hazards and work towards resilience. Enhancing coastal resilience broadly focuses on
increasing adaptation, hazard mitigation, and emergency preparedness to climate change
impacts. These steps can include implementing both adaptive policies and regulatory tools for
sustainable management of coastal resources, emergency plans for coastal hazards, identifying
vulnerabilities and vulnerable communities, nature-based or engineered solutions to flooding,
and restoration or conservation efforts. Ongoing resilience projects in North Carolina have
focused on addressing concerns over economic hits from decreased tourism as a result of
hurricane devastation, algal blooms from pollutant runoff, issues from flooding and poor
stormwater management, increasing educational resources for community members, and funding
projects to improve infrastructure against higher water levels (North Carolina Coastal Federation,
2018; North Carolina Department of Coastal Management, 2018; North Carolina Department of
Environmental Quality, n.d.; North Carolina Sea Grant, n.d.).



Sea Level Rise Tools for Climate Adaptation

To identify vulnerable communities and assets, several agencies have built tools to
visualize flood prone areas, calculate social vulnerability indices, and create SLR inundation
maps for coastal resilience assessments (Climate Central, 2023; NASA, n.d.; NOAA, n.d.). Most
used is the Sea Level Rise Viewer from NOAA’s Office for Coastal Management Digital Coast,
which includes robust databases for different SLR impacts (NOAA Office for Coastal
Management, 2024). With its interactive map interface, it allows the user to visualize potential
SLR scenarios of 1-10ft. Although useful at a regional level, the quality of the data becomes very
coarse when trying to view inundation at a hyper-local scale because the resolution of the
inundation grids are 3-meters, meaning each pixel covers an area of 9 square meters of space. At
a community level, planning for SLR can be very difficult when flooding is unclear due to large
pixel sizes.

North Carolina Coastal Land Trust

The North Carolina Coastal Land Trust (NCCLT) was the client for this project. Their
mission is to enrich the state through conservation of natural areas, working landscapes,
education, and the promotion of good land stewardship in North Carolina’s coastal communities.
As managers of coastal landscapes with some of the most ecologically significant habitats, it is
critical for NCCLT to understand the exposure of their conservation lands to SLR and the overall
coastal resilience of those tracts. Given the limitations of the Sea Level Rise Viewer data to
accurately map SLR on a parcel scale, this study was based on providing NCCLT with a coastal
resilience assessment and tools for viewing SLR inundation at a near-term, hyper-local scale.

INTRODUCTION

This study aimed to address resolution issues of current SLR data by downscaling
NOAA'’s SLR model to produce 1-meter, high resolution forecasts of inundation. In partnership
with NCCLT, five focus tracts were chosen to assess coastal resiliency. These focus tracts were
chosen due to their ecological significance, biodiversity, landscape position, size, public use, and
risk to SLR. Since there currently is not a tool that can accurately forecast inundation from SLR
at a parcel scale, the main goal of this study was to produce inundation maps at a 1-meter
resolution for 1-3ft of SLR at each focus tract.

Objectives

Objectives of this study include the following: (1) Downscale available data from a
statewide level to produce hyper-local forecasts of SLR inundation of 1-3ft at each land parcel.
(2) Use the downscaled results to compare data resolution differences to see any potential
changes in inundation extent and/or depth between this study’s results and those available
through NOAA'’s Sea Level Rise Viewer. (3) Expand forecasts to explore other environmental



vulnerabilities not incorporated into the inundation methods to see overall risks of the land
parcels to coastal threats. (4) Produce a simplified tool to be used as guidance for coastal
management, land acquisition prioritization, and restoration efforts.

Research Questions

1) What will inundation of 1-3ft of SLR look like at each coastal land tract owned and
managed by NCCLT?

2) What differences or similarities exist between the data NOAA currently has available for
these locations and the data produced by creating higher resolution DEMs?

3) What environmental or data-driven factors contribute the most in producing sea level rise
inundation depth grids, and what does this say about the parcel’s overall coastal
resilience?

Study Area

The five focus tracts selected for this analysis include Hutaff Island, Plum Creek, Gales
Creek, Salters Creek, and Springer’s Point (Map 1). Each tract is slightly different in terms of
habitats, size, and geologic processes.
This was an intentional choice to

compare SLR inundation at tracts located e
on highly dynamic barrier islands like L
Springer’s Point, to riverfront, riparian Salters Creek
properties like Plum Creek. Some tracts, pEre
including Gales Creek, have nature trails :
and infrastructure, including wilderness

camps, restoration projects, and a chapel. i G :\
With a range of ecosystem types, human = o Bay /4

P . viragoHutaff Island
activities, and locations, these five tracts

were used as a baseline to inform future
coastal resilience assessments.

NCCLT Focus Tracts

METHODS North Carolina Coastal Land Trust Focus Tracts & A
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L

Study Area Near Onslow Bay, North Carolina

MM, 7/25/2024, NADE3 (2011) UTM Zose 18N

Overview Map 1. Climate resiliency focus tract locations.

An exploratory analysis for
coastal threat exposure was conducted to gain a sense of what the coastal resilience may look
like at each location. This threat index was produced following the same methods from the
Regional Coastal Resilience Assessment, using the Coastal Resilience Evaluation and Siting Tool
(CREST), which combines ranked datasets for various climate impacts and environmental
parameters including storm surge, SLR, subsidence, and topography. (Dobson et al., 2019;



NOAA Office for Coastal Management, 2025). Next, SLR inundation depth grids of 1-3ft were
mapped using a modified bathtub approach for each of the five tracts. These depth grids used a
I-meter Digital Elevation Model (DEM) and were produced following the methods from
NOAA’s Detailed Method for Mapping Sea Level Rise Inundation (NOAA Office for Coastal
Management, 2017). Once these layers were created, the inundation depth grids using a 1-meter
DEM were compared to NOAA’s 3-meter Sea Level Rise Viewer grids in 15 maps created in
ArcGIS Pro. Lastly, to allow for this analysis to be reproduced in other coastal properties or
areas of interest for NCCLT, a tool in Python was scripted to map 1-meter SLR inundation for
future resilience assessments.

Data

LiDAR

Light detection and ranging (LiDAR) points were downloaded from NOAA’s Digital
Coast Coastal Topobathy LiDAR database and used to process into 1-meter DEMs for analysis
(NOAA Office for Coastal Management, n.d.). These data come from the 2019-2020 Coastal
Topobathy Airborne LiDAR Assessment of Coastal Erosion (ALACE) project (NOAA Office
for Coastal Management, 2025). The LAS files contain X, y, and z coordinates for each laser shot
within each parcel. The horizontal accuracy is estimated to be 0.8 meters with a vertical accuracy
of 0.15 meters with approximately 1 million LIDAR points along a 1.5 km stretch of shoreline.
These files were downloaded for each preserve in NAD83 UTM Zone 18N, NAVDS88 in meters.

Coastal Resilience Threat Index

Data layers for flood prone areas, storm surge from category 1-5 hurricanes, areas of low
slope, soil erodibility, and impervious surfaces were downloaded, processed, compiled, and
ranked in one final output layer showing percentiles of overall risk to climate impacts. The final
rank was a value of 1-10, where 10 is associated with the highest combined exposure to coastal
threats. These data were sourced from a range of publicly available websites including the
Federal Emergency Management Agency’s Floodplain Mapping Program, the National
Hurricane Center, and the U.S. Department of Agriculture’s Soil Survey Geographic Database.
For a complete list of each data source see Figure 1 (Federal Emergency Management Agency,
n.d.; National Hurricane Center, n.d.; Natural Resources Conservation Service, n.d.).



Storm Surge
NOAA/NHC SLOSH model

Sea Level Rise
NOAA OCM Inundation Database

Flood-Prone Areas
FEMA National Flood Hazard Layer,
USDA-NRCS SSURGO

Soil Erodibility
USDA-NRCS SSURGO

Impermeable Soils
USDA-NRCS SSURGO, USGS NLCD

Areas of Low Slope
USGS National Elevation Dataset

Geologic Stressors
USGS Landslide Susceptibility,
regionally available Subsidence maps
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Threat Index

Figure 1. Data layers ranked and combined for the threat index. Image taken from Dobson et al.,
2019.

Tidal Variability Surface

When mapping sea level rise, a “modeled” surface is needed that represents tidal
variability. The NOAA Vertical Datum tool was used to transform between a local tidal datum
(MHHW) to a national orthometric datum (NAVDS8) to get coordinates in the same format as
the LIDAR points (NOAA) (National Oceanic and Atmospheric Administration, n.d.-c). Once
created, this acted as the baseline water surface to represent current conditions for which SLR
was added for inundation forecasts.

NOAA Sea Level Rise Viewer Depth Grids

The Digital Coast Sea Level Rise Viewer has inundation depth grids, DEMs, and
shapefiles for different SLR amounts at 3-meter resolution. For each tract, the updated 1-meter

inundation grids from this analysis were compared to these layers to assess nuances in SLR
forecasts (NOAA Office for Coastal Management, 2024).

Analysis

The downscaled model for SLR was produced using ModelBuilder in ArcGIS Pro and
later scripted into Python as a tool (see Appendix for code). To create 1-meter inundation layers,
the LIDAR data were filtered for ground points and processed from a LAS Dataset into a Raster
with a cell size of 1-meter. This 1-meter DEM, coupled with the 1-meter tidal variability raster,
was used as the baseline for mapping inundation. Several geospatial analysis steps were taken in
ArcGIS Pro to add the desired amount of SLR, calculate connectivity, and extract inundated



cells. For a detailed step-by-step guide, see NOAA’s Detailed Method for Mapping Sea Level
Rise Inundation (NOAA Office for Coastal Management, 2017).

RESULTS

Threat Index

A ranked threat index was created and mapped for all 5 tracts (Map 2). Each parcel is
colorized from yellow to red, with red representing areas of the highest combined exposure to
coastal hazards including SLR, storm surge, low relief, low soil drainage, and low soil
erodibility. For a full description of the ranking percentiles see Figure 2 in the appendix. Each
parcel is dominated by high threat index values, where the lighter yellow values are water, as is
the case for Springer’s Point and Hutaff Island. Gales Creek only has a portion of its tract
mapped with threat exposure, due to data limitations, however, of the portion that is mapped, the
high-risk areas surround the river in the east-southeast part of the parcel, with slightly lower
values shown towards the middle of the tract. With high exposure shown in all five tracts, the
threat index indicates that a more detailed analysis for inundation risk at each preserve is needed.

Gales Creek !

Springer's Point

% | Plum Creek § Salters Creek

Final Threat Index Results for Each Focus Tract Map

Indicator

10



Map 2. Combined threat index results for each tract as a ranked value of 1-10. 10
corresponds to the highest combined value of exposure to threat inputs.

Comparison of 3-meter Depth Grids (NOAA) to 1-meter Depth Grids (Downscaled Model)

15 maps for inundation of 1-3ft of SLR using the downscaled model were produced for
the five land tracts at 1-meter resolution. The results for inundation at 1t and 3ft of SLR at 1-
meter resolution were compared to the 3-meter layers from NOAA for Springer’s Point, Gales
Creek, and Plum Creek which are shown in Maps 3-8. These maps highlight some of the major
differences between using a parcel scale, 1-meter DEM versus a regional scale, 3-meter DEM as
the baseline for adding a desired SLR amount.

At Springer’s Point the percent of the tract inundated by the 1-meter dataset at 1ft of SLR
was 31% and the percent inundated under the 3-meter dataset was 62%. The inundation layers
are colorized in dark blue to light blue showing areas of deeper to shallower depths, respectively.
NOAA'’s 3-meter grid shows a larger extent of inundation, but with relatively shallow water
depths. In contrast, the 1-meter depth grid shows a smaller extent of inundation, but more
inundation in areas where both layers show flooding (Map 3).

Springer's Point Inundation Under 1t of SLR Using SLR Model (left) vs. NOAA Depth Grid (right)
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Map 3. Forecasts of inundation at Ift of SLR compared between the [-meter depth grid (left)
with the 3-meter depth grid (right).

At 3ft of projected SLR, the percent inundation for the SLR model layer was 69%
compared to 98% for the NOAA layer. Like the SLR scenario of 1ft of inundation, the NOAA
depth grid shows a greater extent of inundation, particularly in the northwest corner of the
preserve where there are nature trails. The overall extent and depth of inundation is greater in
both layers when compared to the 1ft SLR forecasts (Map 4).

Springer's Point Inundation Under 3ft of SLR Using SLR Model (left) vs. NOAA Depth Grid (right)
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Map 4. Forecasts of inundation at 3ft of SLR compared between the 1-meter depth grid (left)
with the 3-meter depth grid (right).

The SLR scenarios of 1t and 3ft were also compared at Gales Creek preserve (Map 5-6).
This tract has nature trails, two wilderness camps, a chapel, and a longleaf pine restoration area.
In both SLR forecasts, the resolution difference between the 1-meter data and the 3-meter data
can be seen by the smoothness of the smaller pixels in the SLR model layers. This is particularly
clear in the 1ft scenarios where the 1-meter cell sizes are much smoother, more detailed, and
show greater depth of inundation as the layer extends northward and over the trails. Overall, the
extent of inundation between the layers is not as large as Springer’s Point with only 2.9%
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inundated by the 3-meter data compared to 3.2% inundated by the 1-meter layer. In the 1ft
comparison, the chapel seems to be partially or fully flooded in the 1-meter layer but remains

unaffected in the 3-meter layer. In both datasets the longleaf pine restoration area and wilderness
camps are unaffected by flooding.

Gales Creek Inundation Under of 1ft of Sea Level Rise Using SLR Model (left) vs. NOAA Depth Grid (right)
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Map 5. Forecasts of inundation at Ift of SLR compared between the 1-meter depth grid (left)
with the 3-meter depth grid (right).

In the 3ft SLR scenarios for Gales Creek, the extent of inundation is very similar between
the two layers at 5.2% and 5.3%, but the detail of the 1-meter layer shows potential areas of

connectivity that are not apparent within the 3-meter grids. This is particularly visible in the
easternmost portion of the tract and the northwestern corner (Map 6).
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Gales Creek Inundation Under of 3ft of Sea Level Rise Using SLR Model (left) vs. NOAA Depth Grid (right)
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Map 6. Forecasts of inundation at 3ft of SLR compared between the [-meter depth grid (left)
with the 3-meter depth grid (right).

The major difference between the 3-meter layers versus 1-meter grids at Plum Creek is
the depth of inundation. Especially clear in forecasts of 1ft of SLR, the colorization of the 1-
meter data shows depths much greater than the light blue, shallow 3-meter layer (Map 7). Like
the smoothness seen in the Gales Creek projections, finer details of connectivity surfaces and

smaller tributaries are picked up in the higher resolution data. The extent of inundation is similar
at 94.3% for the 3-meter data, and 93.9% for the 1-meter data.
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Plum Creek Inundation Under 1ft of SLR Using SLR Model (top) vs. NOAA Depth Grid (bottom)
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Map 7. Forecasts of inundation at 1ft of SLR compared between the 1-meter depth grid (left)
with the 3-meter depth grid (right).

At 3ft of projected SLR, the depth of inundation of both layers is very similar. However,
the 1-meter data shows more detailed connectivity surfaces that the 3-meter data does not show.
These are seen by the dendritic offshoots from the river. Overall, the extent of inundation is
almost equal at 97.4% for the 3-meter data and 97.3% for the 1-meter data (Map 8).
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Plum Creek Inundation Under 3ft of SLR Using SLR Model (top) vs. NOAA Depth Grid (bottom)
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Map 8. Forecasts of inundation at 3ft of SLR compared between the 1-meter depth grid (left)
with the 3-meter depth grid (right).

The percentages of inundation at each SLR scenario and tract, as well as the difference in
percent inundation, were calculated and shown in Table 1. The percent inundation varied greatly
between each tract. In all the tracts except Gales Creek and Salters Creek at 3ft of SLR, the 3-
meter data showed greater inundation than the 1-meter layers. The difference in percent
inundated also varied between each tract. Springer’s Point showed the largest difference in
inundation between the two depth grids. At 1ft of SLR, the 3-meter dataset showed double the
amount of inundation than the 1-meter. At 3ft of SLR this difference was slightly less than
double, but the 3-meter layer was still 30% more inundation than the 1-meter. For Gales Creek,
the SLR model layer showed slightly more inundation than the 3-meter, but the difference was
almost zero and remained close to equal for both scenarios of SLR. Salters Creek showed very
little difference between the two datasets at 1ft of SLR, but at 3ft of SLR, the difference was
much greater showing the 1-meter dataset to be ~6% more inundation. Plum Creek and Hutaff
Island had very little difference in extent of inundation but in each scenario of SLR, the 3-meter
dataset showed a larger percentage. Overall, each tract was unique and there was no apparent
trend in percent inundation, except that the 3-meter data in all but 3 situations showed a higher
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percentage of flooding, with the largest differences between the two datasets occurring at the
early scenarios of SLR.

Tract Name % Inundated, 1 ft % Inundated, 3 ft

NOAA SLR Model Difference NOAA SLR Model Difference
Gales Creek 2.97 3.17 -0.2 52 53 -0.1
Hutaff Island 91.1 89.4 1.7 05.8 95.5 0.3
Plum Creek 94.3 93.9 0.4 97.4 97.3 0.1
Salters Creek 0.21 0.19 0.02 10.1 16 -5.9
Springer's Point 62 31 31 08 69 20

Table 1. Percent inundation difference at 1ft and 3ft of SLR between NOAA's 3m depth grids versus the Im depth grids
produced fiom the SLR model at each NCCLT focus tract.

SLR Inundation Tool

After inundation analyses were performed on each tract, the methods for the SLR model
were scripted into a python tool. The tool was linked to an ArcGIS Pro project that can be used
to see inundation of 1-3ft of SLR for another parcel managed by NCCLT, or a potential area of
interest for acquisition. The full script for this tool can be found in the appendix.

DISCUSSION

The results of this study suggest that downscaling the 3-meter DEMs for inundation are
necessary to accurately forecast future flooding associated with SLR. It is critical for coastal
managers to have the most precise data to make well informed decisions for implementing
climate adaptation strategies. One of the objectives for this study was to better understand the
coastal resilience of these tracts. Based on the outputs of the threat index, a more in-depth
analysis of the environmental parameters contributing to ecological response to SLR is needed to
better understand the tracts’ coastal resilience. The threat index, despite not showing a very
conclusive result, was a helpful starting point to identify areas that are particularly vulnerable to
coastal hazards.

Importance of Elevation Data

As seen in Table 1, the depth grids produced from the 3-meter DEM on average predicted
a greater extent of inundation than the 1-meter layers. The Springer’s Point tract displays the best
example of this. A major takeaway from this analysis is that elevation data and quality matter.
Despite the assumption that usage of higher resolution data might lead to more inundation
coverage, these results suggest the opposite. As seen in the northwestern corner of the parcel, this
area was completely flooded in NOAA’s scenarios, but the SLR model data suggests that this
area is more stable and resistant to flooding. With outdated LiDAR points, and/or with greater
pixel sizes, fine scale details of elevation surfaces in areas of low relief are not able to be
captured and can lead to SLR forecasting errors. 3-meter data represent cell sizes of 9 square
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meters of space, compared with 1-meter cells showing 1 square meter of space. For Springer’s
Point, the coarseness of the pixels in the 3-meter DEM led to double the amount of inundation
than the higher resolution dataset. This difference, although maybe not as big of a deal when
looking regionally, is critical when forecasting at a hyper-local scale, especially in a low-lying
environment with minimal elevation gradient. The percent inundation of each tract also changed
as the SLR scenario differed. As flooding increased within projections of 3ft of SLR, the
resolution between the two layers became more similar. This meant that the biggest difference in
the number of cells flooded was in the earliest stages of SLR. This was also concluded in a study
by Poulter and Halpin where they highlighted that the nuances of flooding are significant at the
early onset of SLR, but at around 2-meters of SLR, the inundation resolution is inconsequential
(Poulter and Halpin, 2008).

Connectivity Surfaces

Another key takeaway from this study was that higher resolution data identified
hydrological characteristics that show connectivity surfaces that were not present in the regional
datasets. For both Plum Creek and Gales Creek, smaller drainages and tributaries were shown in
the inundation surfaces based on the 1-meter DEM. Even though the extent of inundation was
practically equal in both resolutions, the detail in the higher resolution data suggests that water
may be able to move across the land surface that the 3-meter depth grids cannot forecast. This is
particularly important when tracts include critical infrastructure like building, roads, and
restoration areas where a subtle change in connectivity may impact these areas. Similarly, for the
case of Plum Creek, this tract was able to absorb a large amount of inundation before flooding
extended outside of the tract. For NCCLT, knowing that certain areas may be able to act as
environmental buffers could help prioritize land acquisition efforts to mitigate damage to
culturally or ecologically important locations in the coastal plain.

Data Limitations

Due to the modified bathtub approach taken to forecast SLR, environmental factors like
soil drainage, storm surge, and subsidence were not considered. These inundation surfaces are a
calculation between future water levels and current surface elevations and thus may not capture
the full ecological response to SLR. However, the tool scripted in this project is intended for
managers, meaning that it is still helpful in providing simplified and effective datasets with
which to inform decision making. The nature of the tool also provides NCCLT with the ability to
update these inundation maps as updated LiDAR data is released.

Expansion of Analysis

Further applications of this research could include a sensitivity analysis to compare
NOAA'’s 3-meter datasets with the 1-meter datasets. This type of analysis could analyze which
SLR scenarios or in which locations on the coast it is important to downscale the SLR model
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versus where the 3-meter data can still accurately depict inundation. Future analysis could also
include exploring connectivity surfaces by adding berms or other features to the DEMs to see
how this may change flow networks and overall inundation. Modifications like this could
simulate adding living shorelines, which could help NCCLT assess which adaptation strategies
may be successful in slowing SLR. Several new datasets are also being released this year
including the Coastal Ocean Reanalysis (CORA) tidal surface data, new 2023-2024 Coastal
Topobathy LiDAR through NOAA'’s Digital Coast, and the new Sea Level Calculator Tool from
NOAA'’s Office of Coastal Management (National Oceanic and Atmospheric Administration,
n.d.-a, n.d.-b) These datasets could update the inundation maps or help aid further research to
show a more complete picture of near-term SLR.

RECOMMENDATIONS

NCCLT is in the process of solidifying their strategic plan for 2025-2030. One of the
goals of this project was to provide climate-driven data to inform future coastal management.
Recommendations for land acquisition prioritization, coastal hazard mitigation, conservation
efforts, and planning for retreat are outlined below based on the results of this study.

Acquisition

When considering how to prioritize current and future acquisition efforts based on SLR
inundation, coastal squeeze, high developmental pressure, and ecosystem migration space, I
recommend the following:

(1) Consider the developmental impact and pressure potential of the area of interest with
these questions in mind: Is the property likely to be developed and how does this affect
acquisition? Will this change the hydrological dynamics that increase risk of exposure to
coastal hazards including SLR? Developmental pressure or existing infrastructure
adjacent to tracts, coupled with SLR, could result in squeezing coastal habitats and
increase risk of drowning ecosystems, saltwater intrusion, and wetland loss.

(2) Assess the near-term versus the long-term benefits of acquiring the tract (i.e. Could this
tract act as an environmental buffer?) Plum Creek is an example of a tract with the
potential to mitigate SLR flooding and prevent inundation of adjacent infrastructure.

(3) Prioritize land with potential environmental transition zones (i.e. upland and lowland
areas that allow for natural shifts in community assemblages). There are areas within the
coastal plain that have adjacent properties that allow for natural shifts in marshes,
wetlands, and riparian ecosystems to naturally move inland under SLR. Acquiring land
for natural migration can help buffer coastal hazards in the long-term and conserve
critical ecosystems.
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Preserve Infrastructure

In regard to planning for coastal hazard mitigation, and how to facilitate public access
and maintenance of land tracts given future SLR impacts and flooding, I recommend the
following:

(1) Identify preserves in need of hazard mitigation to understand where infrastructure can be
updated or implemented. Springer’s Point is an example of a tract that will experience
large amounts of flooding in near-term SLR and will need to be considered for
intervention given future forecasts.

(2) Use the SLR tool as guidance for implementing necessary actions for maintaining public
access and use of properties (i.e. raising a path or boardwalk, rerouting nature trails,
implementing living shorelines, etc.).

Land Management Implications

Based on where SLR impacts and inundation will occur, I recommend the following for
how to make informed decisions for hydrological, biological, and ecological management:

(1) Land management decisions should be informed by future SLR impacts to maximize
efficiency and funding to support native natural communities and allow for long-term
changes and shifts in ecosystem dynamics. Given SLR inundation forecasts, we can
identify locations that will or won’t be encroached by flooding. For example, the longleaf
pine restoration project at Gales Creek will not be affected by future SLR, therefore
conservation efforts should continue.

(2) Identify potential partnerships and community engagement opportunities for shared
conservation efforts. The Coastal Federation, for example, has many ongoing projects
focused on facilitating marsh migration, restoring oyster reefs, and implementing living
shorelines. With the SLR tool, NCCLT can identify areas that may elicit opportunities for
cross-collaboration with other conservation organizations and help inform land
management or restoration practices.

CONCLUSION

Obtaining the highest resolution elevation data is critical for forecasting near-term SLR at
a hyper-local scale. The results of this study suggest that elevation is the dominant covariate in
determining risk to coastal hazards. For NCCLT, with a focus at the parcel scale, LIDAR data is
the most helpful tool to create an accurate visual for what SLR will look like in the next 20-50
years. Comparing the 3-meter depth grids to the downscaled 1-meter depth grids showed that
NOAA’s products can only provide a regional context for SLR, and a 1-meter layer is needed to
understand the impacts of SLR at the parcel level. The 1-meter depth grids showed more precise
extents of inundation, more details of flow paths, barriers to flow, and overall greater accuracy of
SLR impacts. These data can be used to assess current conservation efforts, where to spend time
and money on future restoration, and ways inundation may influence conservation easement
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reserved rights. The results of this study also showed that these impacts vary greatly from tract to
tract. For the case of Plum Creek, the maps produced helped identify this location as an
environmental buffer, which can be used to inform future land acquisition priorities of similar
typed landscapes. High resolution data provided the baseline for which to understand the nuances
of SLR risk at each focus area. For organizations like NCCLT, access to 1-meter elevation data
enables the best-informed decisions when developing coastal adaptation strategies to climate
change.
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APPENDIX

Figures
Percentile 10 20 30 40 50 60 70 80 S0 100
Threat
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Figure 2. Final threat index rank (1-10) based on combined value of all threat index layer
inputs.

Python Script

# # <u>Sea Level Rise Inundation Tool </u>

# Meg Manning -- Duke University, Master's Project
## Description: this is the script used to create the sea level rise inundation tool based off the methods
provided in NOAA, 2017.

# Load Necessary Packages

import arcpy

import os

from arcpy.ia import *

from arcpy.sa import *

from arcgis.gis import GIS

from arcgis.raster import Raster

from arcpy.sa import Raster as ARCPY _Raster

# Set the workspace

output directory = arcpy.GetParameterAsText(0)

#output_directory = arcpy.env.workspace = "z:\MP\Scratch" #used to test script
arcpy.env.overwriteOutput = True

# Define LAS data and LAS dataset paths
las folder = arcpy.GetParameterAsText(1)
las_dataset = arcpy.GetParameterAsText(2)

# Load Preprocessed Tidal Variability Surface
tidal raster path = arcpy.GetParameterAsText(3)

27



arcpy.AddMessage(f"Output directory: {output_directory}")

arcpy.AddMessage(f"LAS Folder: {las folder}")

arcpy.AddMessage(f"LAS Dataset: {las dataset}")

arcpy.AddMessage(f'Tidal Raster: {tidal raster path}")

#las_folder = "z://MP//DATA//Lidar//mc2019 dunex_Job1104540" # used to test script

#las dataset = "z://MP//DATA//Lidar//nc2019 dunex_ Job1104540//nc2019 dunex Job1104540.1asd"

# Create a LAS Dataset using Create LAS Dataset Tool
arcpy.management.CreateLasDataset(las_folder, las_dataset)
arcpy.AddMessage(f"LAS Dataset successfully created.")

# Define output raster (DEM) path
ground DEM_output = os.path.join(output_directory,"DEM_1m.tif")

# Create Im DEM using LAS Dataset to Raster tool
arcpy.conversion.LasDatasetToRaster(las_dataset, ground DEM output,
'ELEVATION,
'BINNING AVERAGE LINEAR',
'FLOAT',
'CELLSIZE', 1, 1)
arcpy.AddMessage(f"LAS Dataset successfully created into Raster.")
#arcpy.AddError(fDEM creation from LAS Dataset failed.")

# Save DEM as a spatial raster
DEM sa= ARCPY_Raster(ground DEM_output)

# Load Raster
tidal_surface sa = ARCPY_Raster(tidal_raster path)

# Get raster properties for DEM to clip tidal raster to LIDAR data

xmin = arcpy.management.GetRasterProperties(ground DEM_output, "LEFT").getOutput(0)
ymin = arcpy.management.GetRasterProperties(ground DEM_output, "BOTTOM").getOutput(0)
xmax = arcpy.management.GetRasterProperties(ground DEM_output, "RIGHT").getOutput(0)
ymax = arcpy.management.GetRasterProperties(ground DEM_output, "TOP").getOutput(0)

#Save extent to a bounding extent
DEM extent clip = f"{xmin} {ymin} {xmax} {ymax}"

# Set local parameters
tidal clip output = os.path.join(output_directory, "tidal raster clip.tif")

#Clip tidal surface to the preprocessed DEM raster
arcpy.Clip_management(in_raster=tidal raster path,

28



rectangle=DEM _extent_clip,

out raster=tidal clip_output,

in_template dataset=DEM _sa,

nodata value="-3.402823e+38",
clipping_geometry="NONE",
maintain_clipping_extent="NO_MAINTAIN_EXTENT")

tidal clip_sa= ARCPY_ Raster(tidal_clip_output)
arcpy.AddMessage(f"Tidal surface successfully clipped to DEM raster extent.")

# Load necessary packages
import arcpy

from arcpy.ia import *
from arcpy.sa import *
import os

# Allow outputs to be overwritten
arcpy.env.overwriteOutput = True

# Check out any necessary licenses.
arcpy.CheckOutExtension("3D")
arcpy.CheckOutExtension("spatial")
arcpy.CheckOutExtension("ImageAnalyst")

# Create function to iterate through SLR of 1-3ft
SLR_values = [0.3048, 0.6096, 0.9144]

# Convert to feet
SLR names = {0.3048: "1{t", 0.6096: "2ft", 0.9144: "3ft"}

# Create a function to process inundation for all SLR values
def process_inundation(SLR _value, DEM _sa, output_directory) :
# Add SLR amount to surface
surface raster = tidal clip sa + SLR value #tidal high res + SLR value
surface raster output = os.path.join(output_directory, f'surface {SLR value}m.tif")
surface raster.save(surface raster output)

# Load ground DEM as Raster
input_con=DEM sa

# Raster Calculator - create single value DEM to show inundation extent
single = Con(input_con <= surface raster, 1)

single output = os.path.join(output_directory, f'single {SLR value}m.tif")
single.save(single output)
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# Region Group - Evaluate connectivity of extent raster using region group

clumped = arcpy.sa.RegionGroup(single, "EIGHT", "WITHIN", "NO_LINK", None)
clumped output = os.path.join(output_directory, fclumped {SLR value}m.tif")
clumped.save(clumped_output)

# Extract by Attributes - Extract connected inundation surface to be used as a mask for the depth grid
lowlying = arcpy.sa.ExtractByAttributes(clumped, "Count < 1000000")

lowlying_output = os.path.join(output_directory, flowlying {SLR value}m.tif")
lowlying.save(lowlying_output)

# Raster Calculator (2) - Subtract DEM values from water surface to derive inundation depth grid
depth = Con(input_con <= surface raster, surface raster - input _con)

depth_output = os.path.join(output _directory, f'depth {SLR value}m.tif')
depth.save(depth_output)

# Extract by Attributes (2) - Derive low-lying areas

connect = arcpy.sa.ExtractByAttributes(clumped, "Count > 100000")
connect_output = os.path.join(output directory, f'connect {SLR_value}m.tif")
connect.save(connect_output)

# Extract by Mask - Create depth grid for connected areas

SLR in feet=SLR names[SLR value]

con_depth = arcpy.sa.ExtractByMask(depth, connect)

con_depth_output = os.path.join(output_directory, 'SLR Inundation {SLR in feet}.tif")
con_depth.save(con_depth_output)

print(f"Processed SLR = {SLR_value}m, saved as {con_depth output}")
# Iterate through each SLR value (1ft, 2ft, 3ft)
for SLR _value in SLR_values:

process_inundation(SLR_value, DEM sa, output_directory)

arcpy.AddMessage(f"SLR inundation successfully forecasted. Outputs stored in {output directory}.")
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