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Resilience
The capacity to recover quickly from difficulties.

Threats
Potential negative interaction of natural hazards with 
natural, physical, economic, or social systems.

Natural Hazards
Natural phenomena that may have a negative effect on 
societies and the human environment, such as hurricanes, 
sea level rise (SLR), rain bombs or extreme rainfall, and tidal 
flux. 

Compound Threat
The simultaneous occurrence of two or more threats. 

Vulnerability
A system that is susceptible to a threat - defined as interplay 
between sensitivity, exposure and adaptive capacity.

Sensitivity
The degree to which a vulnerability affects resources and 
the corresponding response to the vulnerability. 

Exposure
The degree to which a vulnerability provokes a change in 
conditions. 

Adaptive Capacity
The ability of the target resource to adjust to a vulnerability.

Risk
The potential for negative impacts resulting from a natural 
hazard.

Community Resilience
The ability of a community to prepare for anticipated natural 
hazards, adapt to changing conditions, and withstand and 
recover rapidly from disruptions.

Ecosystem Services
Benefits yielded to a community in the form of natural 
processes conducted by a healthy ecosystem.

Ecological Disturbance
An event or force, of non-biological or biological origin, 
that brings about changes in the spatial patterning of an 
inhabited ecosystem. Disturbance plays a significant role 
in shaping the structure of individual populations and the 
character of whole ecosystems.

Military Installation Resilience 
The capability to avoid, prepare for, minimize the effect of, 
adapt to, and recover from extreme weather events, or from 
anticipated or unanticipated changes in environmental 
conditions, that do, or have the potential to, adversely 
affect the military installation or essential transportation, 
logistical, or other necessary resources outside of the 
military installation that are necessary in order to maintain, 
improve, or rapidly reestablish installation mission 
assurance and mission-essential functions. (Department 
of Defense)

Social Vulnerability
The susceptibility of social groups to adverse impacts of 
natural hazards. Social Vulnerability considers the social, 
economic, demographic, and housing characteristics of a 
community that influence its ability to prepare for, respond 
to, cope with, recover from, and adapt to environmental 
hazards.

Socio-environmental
The mutually dependent relationship between human and 
ecological systems: human behavior, decisions, and policies 
influence the health of ecosystems and, in turn, changes 
in ecosystems affect human resources and opportunities.

Structural Measures
Any physical construction to reduce or avoid possible 
impacts of hazards, or application of engineering techniques 
to achieve hazard-resistance and resilience in structures or 
systems.

Non-Structural Measures
Any measure not involving physical construction that 
uses knowledge, practice or agreement to reduce risks and 
impacts, particularly through policies and laws, public 
awareness raising, training and education.

RESILIENCE VOCABULARY
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EXECUTIVE SUMMARY

MILITARY INSTALLATION RESILIENCE REVIEW

The Military Installation Resilience Review (MIRR) is a 
program designed to help communities partner with local 
commands to make informed decisions that respond to, 
address, and mitigate activities that are impairing or likely 
to impair the use of the installation. The MIRR is intended 
to increase the value of the military installation while  
preserving its military mission.

“Military installation resilience is defined as the 
capability of a military installation to avoid, prepare 

for, minimize the effect of, adapt to, and recover 
from extreme weather events, or from anticipated or 
unanticipated changes in environmental conditions, 
that do, or have the potential to, adversely affect the 

military installation or essential transportation, 
logistical, or other necessary resources outside of the 

military installation that are necessary in order to 
maintain, improve, or rapidly reestablish installation 
mission assurance and mission-essential functions.” 

- FY 2019 National Defense Authorization Act - Advancing 
Resilience for Defense Communities: A Planning Framework

Lowcountry MIRR
Funded by the Department of Defense’s Office of Local 

Defense Community Cooperation (OLDCC), the Lowcountry 
MIRR is the result of a one year planning effort completed 
in April 2022 by the consulting team of Sherwood Design 
Engineers, One Architecture, Geoscience Consultants, 
Biohabitats, White & Smith, LLC and Ensafe, in partnership 
with the Lowcountry Council of Governments (LCOG).

 
The Lowcountry MIRR project study area includes 

Marine Corps Air Station (MCAS) Beaufort and Marine Corps 
Recruit Depot (MCRD) Parris Island Military installations 
and their respective surrounding communities. The project 
objective is to identify threats and vulnerabilities and to 
present recommendations that enhance the resilience 
and adaptation capacity of the bases and the surrounding 
communities.. The Lowcountry MIRR includes an extensive 
public planning process, that included a Policy Committee 

and a Technical Committee made up of local residents, 
businesses and officials and engaged  stakeholders in 
Beaufort County, the City of Beaufort, the Town of Port Royal, 
MCAS, MCRD, and the Lowcountry Council of Governments. 
The public input received throughout this effort has shaped 
the findings and recommendations that have resulted.  

This study is the first of a series of funding MIRR efforts 
being undertaken across the nation and stands as a model 
for future coastal military installation resilience practice 
throughout the nation.

Hazards, Threats, and Vulnerabilities
The Lowcountry MIRR focuses on infrastructure and 

vulnerabilities related to the most likely hazards to occur 
in and around the military installations. The effort focuses 
on six hazards, identified as most likely to occur and cause 
disruptions to the community:

• Hurricanes
• Tidal Inundation
• Coastal Flood inundation
• Coastal Geomorphology
• Sea Level Rise
• Rain Bombs (extreme rainfall events)

Opposite Image:

Graduation, 2019
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Of the evaluated natural hazards, hurricanes and 
flooding were determined to have the highest impacts in 
the coming years from changes in climate, with flooding 
being composed of several different modes including coastal 
(e.g., King Tides), fluvial (riverine), and pluvial (rainfall). 
Since flooding and hurricanes have the largest potential to 
negatively impact the community for long periods and at 
higher costs, these natural hazards were prioritized for the 
development of resiliency measures. The prioritized threats 
projected to affect the area were modeled, considering 
probabilities of negative impact based on intensity, 
frequency, and spatial extents. The threats resulting from 
those hazards include:

• Climate threats: such as shallow coastal flooding, 
storm surges, pluvial flooding, and compound flooding

• Environmental threats: including coastal erosion 
and marsh loss

• Community threats: focusing on water and sewer 
systems (pollutants, water supply, sewer capacity, and 
saltwater intrusion)

The study team analyzed threats and vulnerabilities by 
infrastructure typologies: Natural (geology and ecology), 
Physical (utilities and transportation), Economic (Military, 
industry, development) and Social (Livability, culture), 
based on established and likely infrastructure disruptions 
from major hazards, threats and vulnerabilities. Through 
this process, we are able to baseline existing threats and 
vulnerabilities and identify future changes occurring in the 
community due to climate change to be able to map threats 
over time.
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Recommendations
Not all hazards can be contained, but it is possible to 

improve both physical structures and procedures in order 
to minimize disruptions and reduce management costs to 
rebuild. The Lowcountry MIRR recommends a multi-layered 
toolkit of structural infrastructure interventions and non-
structural planning approaches to enable the Lowcountry 
MIRR communities to adapt to climate change:

• Shoreline Stabilization
• Shoreline Establishment
• Protected Transportation
• Adapted Utility Infrastructure
• Resilient Military Operations
• Preserved Industry
• Intelligent Development
• Adapted Livability
• Preserved Culture

The toolkit has been applied to three pilot projects, which 
exemplify rural (St. Helena Island wastewater treatment 
plant), suburban (Lady’s Island neighborhood) and urban 
landscapes (Shell Point Interchange):

• St. Helena WWTP: A vulnerable rural Wastewater 
Treatment Plant that highlights regional water 
dependence, social vulnerability, and agricultural 
demands.

• Star Magnolia Subdivision: A subdivision on Lady’s 
Island housing military families with compounding 
flood risks that represent the adaptations necessary in 
future and existing housing.

• Shell Point Interchange: A public artery and 
evacuation route serving as the access point for Parris 
Island.

Armed with our toolkit, our typologies and our pilot 
project recommendations and next steps, this report 
forms the basis for the next stage of Military Installation 
Resilience.  As a last in the process, the report formulated 
a series of overarching goals that each community can use 
to define their particular challenge and craft a strategy for 
recommending  implementation timeframes, building upon 
successful examples, creating partnerships, and identifying 
potential  funding mechanisms.  These goals are:

1. Integrate Resilience Data
2. Increase Education and Awareness
3. Improve and Expand Military Collaboration
4. Pursue Development in a Resilient Manner
5. Conserve and Improve Physical Infrastructure
6. Conserve and Improve Natural Infrastructure

The Lowcountry has experienced the negative impacts 
of various natural hazards and some of these hazards 
are projected to intensify with a changing climate, the 
Lowcountry MIRR study was developed as a resource for 
the community to be proactive and prevent future negative 
disruptions. This monitoring plan, organizational structure 
and process promotes sustained participant collaboration on 
resilience issues beyond completion of this project.   

Building off of previous planning efforts that have 
been undertaken in the region, this report sets overarching 
goals, identifies threats, creates a prioritization process to 
enable communities to assess those threats, provides a 
toolkit of structural and non-structural interventions and 
provides three representative pilot conditions to inform 
design decisions and policy actions. This report provides an 
accessible foundation that Low Country communities can 
use to advance strategic, fundable and executable resilience 
efforts moving forward with a consistent framework that 
enables the County to build a comprehensive approach to 
future adaptation for the region.
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OVERVIEW

INTRODUCTION

This Military Installation Resilience Review 
(MIRR) study was funded by the U.S. Department 
of Defense (DoD), to assess the resilience of 
MCAS Beaufort and MCRD Parris Island. The 
objective of MIRR studies is to identify threat and 
vulnerabilities to the military installations and 
surrounding areas and to craft recommendations 
that amplify the resilience and adaptation 
capacity of the Bases. 

The MIRR process is intended to protect 
and preserve military readiness and defense 
capabilities while facilitating continued 
community economic development and raising 
public awareness of the military missions 
through enhanced communication. This study 
focuses on infrastructure elements outside the 
Bases and in the neighboring communities that 
are intertwined with the Bases.

Neighboring communities are mission 
critical to the infrastructure that supports the 
human capital needed to maintain the Bases. 
If military personnel living in surrounding 
communities are under stress from chronic 
climate-related disturbances, or unable to travel 
to the Bases to perform duties, Base operations 
are compromised. Strengthening the resilience of 
the communities surrounding the bases improves 
the resilience of the bases themselves.

Area of Interest
Previous Joint Land-Use Studies (JLUS) 

from both Bases provided information that 
helped determine the area of interest (AOI). 
This area encompasses the Beaufort area, the 
major corridors out of Beaufort County, the 
local corridors serving the towns and Marine 
Corps Bases, and the primary zip codes of MCAS 
Beaufort personnel residences. Both JLUS reports 
highlighted the importance of movement 
of personnel throughout the surrounding 
communities and the Bases. Both bases rely on 
the water, sewer, and utility infrastructure of the 
AOI for base operations, to varying extents.

Community Resiliency Framework
This MIRR study augments previous 

resiliency planning efforts for the MCAS and 
MCRD Parris Island installations, by initiating 
a series of externally focused, community-
driven processes. In close collaboration with 
stakeholders, the study team outlined the 
following actions:

• Identify and analyze threats to community 
resilience

• Develop actionable timelines for responding 
to specific threats, based on risk profiles

• Provide prioritized project recommendations 
according to near-term, medium-term, and 
long-term risk reduction goals

• Establish a strategic framework for 
integrating new recommended actions for 
disaster preparedness and natural hazard 
mitigation with other existing plans and 
policies in the jurisdiction.

• Synthesize these inputs in to a clear 
“Community Resilience Plan” that provides 
momentum for increasing resilience in the 
region.  

Building upon Previous Plans
In addition to complementing DOD-led 

planning, the MIRR study is designed as a 
continuation of an extensive set of community-
led studies,  which collectively have informed the 
scoping and direction of this effort.1

• The first Sea Level Rise Adaptation study, led 
by the SC Sea Grant,2 identified community 
priorities for adaptation to sea level rise and 
flooding.

• The Beaufort County Comprehensive Plan lays 
out conceptual priorities of development and 
highlights the logistics of action (what, how, 
and who). 

• The Greenprint Plan lays out where the 
action items from the Comprehensive Plan 
should occur, including which areas are 

Opposite Image:

A natural upland ecosystem 

on Spring Island in July 2021.
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OVERVIEW

most appropriate for development and which 
areas are best suited for particular actions 
to be implemented in a tactful and strategic 
fashion. 

Taken together, these key studies provided a 
baseline understanding of the interdependence 
between the physical infrastructure, natural 
infrastructure, economic infrastructure, and 
social infrastructure that are essential to the 
Lowcountry. 

The MIRR study next considered the findings 
of the 2020 Lowcountry Hazard Mitigation 
Plan,3 focusing on the threats that cause the 
most chronic stresses to local residents and 
infrastructure. Specific Lowcountry threats and 
vulnerabilities were highlighted where imminent 
changes in frequency, extents, and impact are 
likely to be experienced within the next twenty 
years.

Based on this analysis, the MIRR study 
recommends measures to improve resilience, 
along with project phasing, timelines, and costs. 
The implementation plan suggests next steps over 
three basic time frames:

• Short term: 1-3 years (to 2025)
• Medium term: 4-10 years (2025-2030)
• Long Term: 11 - 20 years (2030-2040)

By identifying the threats to the areas 
integrally connected to the MCAS and 
MCRD Parris Island installations and their 
corresponding vulnerabilities, a roadmap is 
provided for improving the resilience of the 
military installations and the communities who 
make their successful operation possible. 

Stakeholder Engagement
Multiple rounds of strategic in-person and 

remote engagement sessions were critical to 
this process to gauge how resilience, threats, 
community assets, and culture intersect from 
the multiple perspectives held by community 
members. These conversations generated key 
takeaways, guided the determination of major 
threats, and established the community priorities 
driving the recommendation frameworks.

The goals of the Stakeholder Engagement 
Sessions were to:

• Recognize the community initiatives that are 
already underway to address resilience in the 
Lowcountry.

• Gain a holistic understanding of existing 
infrastructure, historical and cultural 
context, community priorities, and existing 
social vulnerabilities.

• Facilitate connections and collaborative 
conversations among stakeholders and 
organizations who have not traditionally had 
many opportunities to interact.

The key takeaways from the Stakeholder 
Engagement Sessions were:

• Public outreach is critical for credibility and 
community involvement.

• This study should highlight the benefits 
and cumulative impacts of multi-layered 
resilience planning through pilot projects, 
typological community frameworks, and 
qualitative assessment of organizational 
structures. 

• Regional organizations are actively building 
resilience throughout the area. Our collective 
efforts and impacts could be amplified with 
more consistent collaboration.

• Officials and organizations can improve 
awareness of the science behind climate 
change and its impacts so residents are 
better able to invest in resilient solutions 
throughout the Lowcountry.

• It is important to communicate technical 
findings from the vulnerability analysis in 
a way that is clear and understandable to all 
residents. 

• Recommendations should be tangible and 
have realistic implementation pathways.

• Cultural continuation must be prioritized 
throughout all recommendations and 
discussions.
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Above Image:

Map of critical 

transportation infrastructure
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Bottom Left Image:

Lowcountry dock fishing

Top Left Image:

Historic Image of Beaufort 

County river transport

OVERVIEW
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The Lowcountry’s Ecology Is Its Economy
Life in the Lowcountry is intimately 

connected to the environment. The natural 
landscape supports the unique quality of life 
and local economy, including boating, fishing, 
and numerous livelihoods based on and near the 
water. For this reason, living in the Lowcountry 
is, and has always been, inherently related to the 
environmental effects of coastal hazards.4

The Port Royal Sound is vital to Lowcountry 
culture and lifestyle - it represents nearly half of 
the land coverage in the study area. The Sound 
is home to an interconnected system of habitats 
and water systems that drive the economy, 
livability, and culture of the community bisecting 
the Lowcountry community into North of the 
Broad and South of the Broad. By protecting the 
ecological character of the area, the economic, 
historic, cultural, and recreational characteristics 
are preserved as well. 

Due to this interdependent relationship 
with the natural world, many residents of the 
Lowcountry identify with the principles of 
environmental stewardship. Collectively, many 
stakeholders expressed that the community is 
not anti-development, but instead wants to focus 
on advancing policies and strategies to ensure 
strategic, resilient development going forward.

A History (and Future) Marked by Change
The Lowcountry is defined by the continual 

change of the natural environment and 
corresponding adaptation of the economic, 
physical, and social infrastructure built to sustain 
life. The trends observed drive the analysis and 
recommendations presented in this report.
• Age demographics are shifting to 65+, 

increasing demand for age-appropriate 
service decreasing labor forces.5

• With an aging population, community 
development and planning may need to be 
reoriented to create appropriate services and 
infrastructure to suit different age groups 
and proximity to the Job Economy

• Due to decreasing household size and 
the increasing prevalence of individual 
homeowners, household formation in 
the region increased from 2000 to 2010, 
especially in Beaufort and Jasper Counties.6 

This trend typically reduces the need for 

single family home construction and places 
greater emphasis on housing with smaller 
unit sizes. Development must evolve to 
match both the future housing demands 
and the desire to ensure strategic, resilient 
development.

• Since 2000, all median incomes across 
the Lowcountry have decreased, when 
adjusting for inflation. Incomes are unevenly 
distributed across the larger area, but 
Beaufort County reports higher median 
household and per capita incomes than the 
state overall during the same time period.7 
Due to historic factors, regional poverty 
rates are highly correlated to race. Across all 
four counties, Black and Hispanic residents 
experience higher rates of poverty than white 
residents, with the exception of Hampton 
County. Access to economic opportunities 
and the degree of social vulnerability vary 
throughout the Lowcountry. It is important 
to ensure equity of affordability and livability 
across all economic and social categories to 
promote overall resilience.

Other Economic Drivers
The Lowcountry Region sits between two 

major ports: the Port of Charleston, to the north, 
and the Port of Savannah across the border in 
Georgia. It is bisected by the Interstate-95 and the 
US 278 runs diagonally from the northwest to the 
southeast. Transportation through Lowcountry 
and the abutting interstate are not only major 
cross-country corridors, but also a critical conduit 
for the local economy and a gateway to the region’s 
top tourist destinations - including neighboring 
Hilton Head and Savannah. Beaufort  itself has 
become a popular tourism draw in its own right; 
Beaufort County currently receives the greatest 
amount of visitor spending and has the largest 
number of tourism jobs in the state. 

The largest economic sector for the region, 
however, is the constellation of military bases and 
the facilities that surround and support them.
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The Military and the Lowcountry Economy 
Parris Island was first utilized by the US 

Navy in 1861 during the Civil War, and was made 
a permanent military installation in 1891.  It has 
served as a primary Marine Corps Recruit Depot 
since 1915. MCAS Beaufort was established in 1943 
during World War II and has been in continuous 
use as an air station since 1956 . The growth of 
these military facilities in the latter half of the 
20th century drove the economic development of 
the region, as the installations drew people and 
businesses to fill the civilian job opportunities 
that support the military. 8

The military presence in the Lowcountry, and 
the associated defense spending with the military 
presence, is paramount to the economic growth 
in the area. 
• In 2019, South Carolina ranked 28 in the 

nation in total defense spending and 10 in 
personnel numbers. 

• Beaufort County ranked fifth in the state 
in total defense spending and third in total 
personnel.

• $401.3 million in military spending in 
Beaufort County, being home to the Marine 
Corps Air Station (MCAS), Marine Corps 

Left  Bottom Image: 

Marines clear fallen debris 

after Hurricane Matthew 

at Marine Corps Recruit 

Depot Parris Island in 

October 2016.  Image 

source: https://usmclife.

com/power-loss-flooding-

parris-island-will-hold-

graduation-friday/parris-

island-hurricane-cleanup/

Left  Top Image:

2017 

Recruit Depot (MCRD), and a Naval Support 
Facility (NSF).9

• The total economic impact of the Beaufort 
Region military community on the state of 
South Carolina including all operations, 
in-state procurement, and military and 
civilian payroll employment totals $2.3 
Billion in economic impact and 19,460 jobs.10 
Of that, MCAS Beaufort totals $787 million in 
economic activity and 7,253 jobs, MCRD Parris 
Island totals $739.8 million in economic 
activity and 6,130 jobs, and Naval Hospital 
Beaufort totals $217.4 million in economic 
activity and 1,519 jobs.

OVERVIEW
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Military and Community Interdependency
Co-located in a vulnerable geography,  the military 
installations and neighboring communities have 
been subjected to a history of catastrophe that has 
fostered a unique local appreciation for resilience 
and environmental stewardship. 11

MCAS Beaufort and MCRD Parris Island have 
already conducted projects that foster resilience 
through environmental stewardship -- including 
the installation of several acres of solar panels in 
operational training fields to provide flexibility 
in energy demands, especially in periods of 
emergency or flux. Low-lying MCRD Parris Island 
has, by necessity, prioritized flood protection for 
decades, raising roads and reducing the amount 
of impervious surfaces and rooftops by removing 
underutilized buildings to promote permeable 
areas that reduce runoff in flood events. 

There are limits to the extent of risk reduction 
the military can unilaterally implement. 
Externally, the bases depend on the neighboring 
communities for utility infrastructure, transport 
connectivity, and housing. Regional Authority- 
owned utilities under state-owned roads deliver 
electricity, gas, water, sewer, and broadband. 
Private interests locate and develop the homes 
military personnel live in and commute from. 
Those land use patterns determine the variation 
of traffic and reliance on the road network. 

Right  Image: 

Marines at Naval Station 

Parris Island. Image source: 

https://www.mcrdpi.

marines.mil/Centennial-

Celebration/Historical-

information/3-The-First-

Recruits-at-Parris-Island/

The resilience and adaptive capacity of the 
military and Lowcountry are thus intimately 
interconnected. 

For its part, the military is actively invested 
in understanding its impact on the community. 
MCRD Parris Island JLUS and MCAS Beaufort JLUS 
were conducted to help military communities 
collaborate with military installations to garner 
recommendations that help both groups ensure 
that land uses around the installation are 
compatible and that the citizen quality of life is 
protected over time. JLUSs encourage cooperative 
land use planning to reduce operational impacts 
on surrounding communities and ensure 
compatibility between the two parties. 

With multiple military installations in 
such close proximity to one another within the 
Lowcountry, the influence on community and 
policy is significant. The interdependence of the 
military and the local communities results from a 
mutual economic and infrastructure dependency, 
but is honed by a mutual sense of respect. This 
recognition has led the surrounding communities 
to conduct multiple vulnerability studies, many 
of which were referenced in this MIRR study.12 
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Community Housing 

Storm Surge 

Hurricane 

Sewer
System

THREAT NATURAL 
HAZARD 

VULNERABILITY 

Piloting Joint Adaptation
The complex relationships and mutual 

dependencies at work in the Lowcounty require a 
robust analysis to produce a universal framework 
that provides resilience for the collective 
community. This strong connection opens a 
capacity to influence political and economic 
factors through prioritization of resilient 
Lowcountry infrastructure and policies. This 
report aims to highlight avenues of opportunities 
to realize these resilient approaches.

The Lowcountry has an opportunity to serve 
as a model for coastal military bases throughout 
the nation. Many other areas nationwide will 
begin to experience the compounding effects 
of rising sea levels and tidal elevations that 
constitute the coastal relationships that these 
bases have learned, understood, and adapted to 
monthly and seasonally for generations.

Community Housing 

Storm Surge 

Hurricane 

Sewer
System

THREAT NATURAL 
HAZARD 

VULNERABILITY 

Left  Image: 

Natural hazards (hurricanes, 

SLR, tidal flux) can 

have potential negative 

interactions with systems, 

creating vulnerabilities 

within a community 

and environment. 

OVERVIEW
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Top Image: 

Lowcountry marshes. 

Image by Paul Nurnberg. 

Bottom Image: 

Tidal flats and Spartina 

alterniflora meet upland 

ecosystems along Spring 

Island’s shoreline.
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Introduction to Hazards and Threats
Natural hazards are events that occur in the 

environment that might have a negative effect on 
the community. Threats are the potential negative 
interaction of natural hazards with systems 
such as those that exist within communities, 
ecosystems, environments and infrastructure.  
Natural hazards can be large in scale, and though 
they often cannot be precisely modeled or 
predicted due to the complex climate, hydrologic 
and geologic patterns that cause them, they are 
the core drivers of the threats and vulnerabilities 
being assessed. 

Natural hazards include hurricanes, wind 
storms, excessive rainfall, drought, tidal 
inundation, wave impacts, and changes in 
landforms due to environmental processes, 
among many others.13 These hazards are affected 
by global climate patterns: causing sea level 
rise, increased storm intensities, and increased 
flooding frequencies. 

The analysis considers the short-, medium-, 
and long-term threats driven by changes to 
hurricanes, rain storms, tidal inundation, wave 
energy, and geomorphology. 

Over time, threats will change in intensity, 
frequency, and spatial extent:

Intensity: The severity of threat and resulting 
impact that a natural hazard causes. Threats 
for the Area of Interest (AOI) that have high 
intensity include hurricanes, flooding, tornadoes, 
windstorms, and lightning. 14

Frequency: How often the natural hazard causes 
disturbance; the relative recurrence interval 
between the occurrence of negative events. 
Natural hazards for the AOI that have high 
frequency include lightning, wildfires, droughts, 
and floods. 15

COUPLED THREATS

Left  Image: 

The coupling of multiple 

threats can exacerbate a 

given location’s vulnerability 

to SLR, stormwater 

runoff and hurricanes.

OVERVIEW
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Right Image: 

This graph from the 2020 

Lowcountry Natural 

Hazard Mitigation Plan 

demonstrates the threats 

facing the Lowcountry, with 

their relative disturbance 

ranking to the community.

THREAT RANKING

 Spatial Extent :  Where and how widely a natural 
hazard causes disturbance, which is a function of 
natural hazards having a negative interaction 
with systems that create potential threats and 
reveal vulnerabilities within the AOI. Spatial 
extent is dictated by the amount of disturbance 
a natural hazard creates for a community. For 
example, hurricanes would have a larger spatial 
extent (influence) in an urban setting than on 
a large farm. Using this definition, the natural 
hazards that have large spatial extents in the 
AOI are extreme heat, floods, winter storms, 
earthquakes, drought, and hurricanes. 16

Ecological Disturbances
 As the MIRR Study considers threats to the 
natural environment, the concept of ecological 
disturbance offers a larger context to help 
identify primary threats through time for both 
the natural and man-made habitats in the study. 
An ecological disturbance is an event that brings 

about mortality to organisms and changes in 
their spatial patterning in the ecosystems they 
inhabit. Disturbance plays a significant role in 
shaping the structure of individual populations 
and the character of whole ecosystems.

The natural hazards examined in this 
study are analogous to ecological disturbances. 
Disturbances that are either lower in intensity 
or extent of impact, have quicker recovery times 
and need less resources. Disturbances that 
have widespread impacts at high intensities 
(e.g. hurricanes) are potential threats of higher 
concern because there is a higher likelihood that 
the entire ecosystem may be altered and would 
require a larger amount of resources for recovery.

Further information on the natural hazards 
facing this area with their disturbance impacts 
and projected trends, including spatial extent, 
frequency, and intensity are provided in the 2020 
Lowcountry Natural HMP. 

Intensity Frequency Spatial Extent



Note: Please refer to SCDNR website for current 

availabilty. SCDNR can change this annually 

for several reasons. Although historically this 

is accurate, it may not be so in the future.
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INFRASTRUCTURE TYPOLOGIES

Natural infrastructure is an area or system 
that is either naturally occurring or naturalized 
that provides “ecosystem services” -- which are 
co-benefits provided to humans by the inherent 
processes of the natural infrastructure. Some 
ecosystem services are tangible (flood control, 
wave energy dissipation, groundwater recharge, 
water quality) and some are intangible (sense 
of place for locals, tourism). Each natural 
infrastructure typology has associated ecosystem 
services that are invaluable to the community due 
to the natural protection and resource provision 
that is provided to the interacting community.

Geology
• Coastal “Texture”

The materials and interface of sea and 
land that affects how far a wave travels 
(wave attenuation) and the infiltration of 
stormwater into the ground (e.g. sand, mud, 
oyster reefs, marsh grass or structures). 
Natural coastal habitats reduce wave heights 
by 35–71%. 

• Topography    
The elevations of the land buffers wave 
action and provides protection to shoreline 
elevations. Topography is important to 
acknowledge and consider as the movement 
of water is determined by gravity. All water 
that moves freely flows downhill. These 
corresponding elevations dictate how and 
where water moves.

Ecology
• Marshes     

Intact habitat areas in the coastal landscape 
that are home habitats likely to support high 
levels of biological diversity that provide 
ecosystem services to the community.

• Water Quality
Pollution levels in natural water bodies 
including the absorptive and conveyance 
capacity of native and altered soils and the 
filtering ecology they contain.

• Protected Habitat Areas 
Designated areas that are known habitats for 
either endangered species or an active bird 
nesting area where development is restricted 
as to prevent the harassment, harm, or death 
of these species.17

NATURAL INFRASTRUCTURE
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Physical infrastructure refers to the 
constructed systems required for an area to 
function and survive, such as transportation 
networks, power grids, water lines, and sewer 
lines. 

Transportation
• Transportation Arteries   

Roads, bridges,and highways that are 
essential to travel throughout the area 
frequently used in day-to-day access 
throughout the local community and military 
bases to travel between locations for societal 
operations, including connections to schools, 
grocery stores, care centers, etc.

• Emergency Infrastructure  
Physical infrastructure that supports 
the community in times of distress to aid 
evacuation, mitigation, and recovery (e.g. 
evacuation routes, hospitals, care centers).

Utilities
• Utility Infrastructure 

Structures and pipes (or other conveyance 
systems) that are owned by the utility 
companies to supply, convey, and treat the 
utilities throughout the area (e.g. power 
plants, electrical substations, water plants, 
sewer plants, potable water mains, sewage 
pipes).

PHYSICAL INFRASTRUCTURE

INFRASTRUCTURE TYPOLOGIES
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The economy in the Lowcountry is heavily 
supported by military activity, local industries, 
and property development. Some of these 
typologies are tied to physical infrastructure and 
are included here to provide an understanding of 
their contribution as economic drivers.

Military
• Housing     

Both bases depended on limited sponsored 
housing, so the housing stock in the 
surrounding community is a priority for 
personnel and their families.

• Utilities     
The military is dependent on shared utility 
infrastructure with the community including 
utilities for water, sewer, and power.

• Hospitals     
The local hospitals are used to treat military 
personnel in case of emergency with strict 
requirements around access to hospitals 
during an emergency event.

Industry
• Tourism     

Areas where visitors to the Lowcountry come 
to see and experience the ecology and culture 
of the community.

• Commercial  
Individual and clusters of businesses that 
provide jobs, goods, and services to the 
community.

• Agriculture
Areas of productive harvesting and 
distribution of vegetation, fruits, vegetables, 
and livestock in the community.

• Fishing    
Locations of shellfish and fish harvesting 
including the locations and infrastructure 
necessary to access fishing areas including 
marinas and boat ramps.

ECONOMIC INFRASTRUCTURE

Development
• Existing Development

Development that is currently constructed 
and was built according to the land 
development standards that were encoded 
at the time of design.

• Sites of Future Development 
Parcels or communities that are to be 
developed and subjected to any current 
jurisdictional code for land development 
standards.

• Planned Unit Developments and 
Community Preservation Districts
Demarcated areas both dictated by the 
Beaufort County Comprehensive Plan and 
encoded by the Beaufort County Community 
Development Code that are subjected to 
their own detailed community plans with 
customized land use and development 
standards.18 

INFRASTRUCTURE TYPOLOGIES
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Social Infrastructure includes cultural and 
social bonds as well as government policies 
that dictate how the Lowcountry community 
functions as a whole. Community plans and 
documents enhance community infrastructure 
by organizing action items that result in the 
realization of shared community wants and goals.

Livability
• Affordable Housing   

Areas where housing is affordable to residents 
near jobs and day to day needs.

• Economic Opportunity  
Infrastructure that supports day-to-day 
societal operations of the community, 
including schools, grocery stores, care 
centers, airports, etc.

• Socially Vulnerable Census Blocks
Collections of parcels that are subjected 
to high levels of social vulnerability, as 
designated by the U.S. Census Bureau. 

Culture
• Designated Conservation Areas

Conservation areas that are owned, leased, 
or having a right of use by a public authority 
and managed for the purposes of preserving 
and improving the natural features of the 
environment.

• Historic Preservation Area  
Areas that are protected by the Beaufort 
County Community Development Code 
to preserve their features of historic, 
architectural, cultural, archaeological, 
or educational merit that are determined 
critical to the character of the area. 19

• Rural and Critical Lands  
Land designated by the Beaufort County 
Community Development Code to preserve 
the rural character of the land through land 
conservation. 20

SOCIAL INFRASTRUCTURE

INFRASTRUCTURE TYPOLOGIES
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THREATS AND VULNERABILITIES

THREAT AND VULNERABILITY IDENTIFICATION

Considerations
In this study, threats were identified based on 

the system vulnerabilities and the potential for 
natural hazards to negatively impact the day-to-
day operation of cities and communities. A threat 
is likely to have a greater impact if it is more 
frequent or more intense, or if it affects a larger 
area. Major threats can be resolved over time if 
the intensity is relatively low, but if the frequency 
increases, the chances of recovering to previous 
conditions decrease. While many threats cannot 
be prevented, understanding the scope of threats 
and designing proactive management results in 
a more adaptive and less disrupted society when 
the unavoidable threats do occur.

The natural hazards and threats modeled 
in this study are the climate and environmental 
processes that are most likely to occur and cause 
the greatest disturbances within the AOI. The 
modeling methodology relied on records of past 
events and the probability of an adverse event 
occurring to understand how they may change 
over time. These projections can be used to 
guide resilience planning and mitigate current 
and future vulnerabilities. Due to the complex, 
dynamic relationship between the way people 
rely on the land and the changes taking place in 

the environment, some factors are more difficult 
to predict with high levels of certainty, and it 
is important to acknowledge the limitations of 
modeling.

Prioritized Natural Hazards and Threats
Based on shared goals identified in previous 

studies, the outcomes of the stakeholder 
engagement process, and the infrastructure 
shared between the military and community, this 
study prioritized the following natural hazards 
and threats that impact the socio-environmental 
community within the AOI.

Prioritized Natural Hazards
• Hurricanes

Storms with violent winds
• Tidal Inundation 

The water level that occurs on normally dry 
ground as a result of the tide

• Coastal Geomorphology
Changes in landforms due to environmental 
processes, including erosion due to tides, 
waves, and runoff

• Coastal Flood Inundation
The water level that occurs on normally dry 
ground as a result of coastal flooding

Left Image: 

A kayaker navigates marsh 

islands along Beaufort 

River in July 2021. Image 

by Rennie Jones.
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THREATS AND VULNERABILITIES

• Compound Flooding
Areas where elevations allow the combination 
of multiple types of flooding

Threat Timeline
Sea levels have been gradually rising over 

time, but the changing climate has accelerated 
this rate, exacerbating coastal flooding and 
erosion.  This study defines a framework for a 
proactive approach to rising sea levels and other 
natural hazards in the Lowcountry.

Several of the natural hazards will likely 
worsen due to climate change, resulting in greater 
threats and vulnerabilities in the future.21 
Previous guidance concerning natural hazards 
in Beaufort County suggests SLR is highly likely 
to increase coastal flooding issues and today’s 
water levels during hurricanes will become the 
common elevation of king tides in the future. 
Coastal erosion will continue to increase as 
the sea level rises and hurricanes may be more 
intense but may also occur less frequently.22

Due to increasing temperatures, it is likely 
that heavy rainfall events will occur more 
often. Floods and hurricanes are likely to pose 
the greatest threat to the Beaufort area. This is 
widely known and has been the impetus for many 
previous studies. 

MEAN SEA LEVEL (MSL) HAS BEEN RISING SINCE EARLY 1900’S

• Sea Level Rise (SLR)
The increase in water level of the sea due to 
the effects of climate change

• Rain Bomb
Water runoff driven flooding during large 
storm events

Prioritized Threats
• Coastal Erosion

Land loss at historic erosion hotspots and 
areas with predicted marsh loss

• Water and Sewer Systems
Potable water and sanitary sewer 
infrastructure that is compromised by 
hazards

• Pluvial Flooding
Inundation that occurs due to the gravity-
based accumulation of stormwater runoff 
after a precipitation event

• Coastal Flooding
Inundation at low-lying coastal areas, 
including Storm Surge and Shallow Coastal 
Flooding

• Storm Surge
A rise in sea level due to the changes in 
atmospheric pressure and wind during a 
storm

• Shallow Coastal Flooding
A rise in sea level during extreme high tides
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In the short term, threats and vulnerabilities 
are expected to be similar to recent events, 
including:

• Hurricane Matthew caused wind damage, 
pluvial flooding, and storm surge in 
September and October 2016.

• Hurricane Irma brought high wave energy 
and pluvial flooding in August and September 
2017.

• Tropical Storm Elsa caused tornadoes and 
wind damage in July 2021.

• Tropical Storm Mindy induced intense 
pluvial flooding interacting with high tides 
in September 2021.

• King tides (also called spring tides) caused 
shallow coastal flooding in November 2021.23

In the medium term, the community is 
expected to experience more frequent shallow 
coastal flooding and more intense rainfall events. 
These may become more noticeable as they 
create access issues and occur more frequently, 
especially when rainstorms coincide with high 
tide events, leading to compound flooding. 

In the long term, the frequency and spatial 
extents of inundation are projected to increase. 
King tide events will occur at the same frequency 
but at a greater intensity, resulting in larger 
negative impacts on systems, much like the high 
intensity and low frequency events occurring 
today, such as storm surge driven by hurricanes. 
The estimated extents of flooding caused by 
Hurricane Matthew were modeled to serve as a 
baseline comparison to other flood events likely 
to be experienced in the Lowcountry. 

By projecting the intensity, frequency, and 
spatial extents of these natural hazards and 
corresponding threats, this study identifies 
where resilience planning may be prioritized to 
mitigate future damages. Investing in proactive 
disaster management creates adaptive capacity 
to minimize vulnerabilities, even as threats 
increase over time. 

PROJECTED FREQUENCY AND INTENSITY OF THREATS

Right Figure: 

The frequency and intensity 

of threats posed by 

hurricanes, monthly flooding, 

and MHHW (Mean Higher 

High Water) are projected 

to increase over time.
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Approach
The vulnerability analysis was conducted as 

a step within a larger framework that provides 
an overall threat prioritization method for 
multi-layered resilience projects. This analysis 
identified critical infrastructure systems in the 
Lowcountry and their vulnerability (or, level of 
susceptibility), to the prioritized threats. The 
vulnerability of an infrastructure system is 
defined by its sensitivity to a threat, the level of 
exposure, and its adaptive capacity. In addition to 
engineered infrastructure, this includes various 
community systems and services of military 
significance. 

 The vulnerability analysis utilized the 
following multi-step process:24

• Classify key infrastructure typologies in the 
area, including natural, physical, economic, 
and social infrastructure (See Infrastructure 
Typology section, above)

• Model the prioritized threats projected to 
affect the area, considering probabilities 
of negative impact based on frequency, 
intensity, and spatial extents

• Conduct assessment of probable consequences 
of these threats using a combination of 
literature review, analysis of available data, 
and personal interviews with stakeholders

• Based on the established effects, analyze 
and highlight points of vulnerability in each 
infrastructure group

Threat, Vulnerability, and Infrastructure 
Grouping 

By coupling threats and corresponding 
vulnerabilities based on their impacts on the 
Military bases and surrounding Lowcountry 
communities, this study offers a framework 
for applying toolkit measures, identifying 
stakeholders, and engaging funding mechanisms 
consistently across similar typologies.
The prioritized threats have been aggregated into 
the following categories:

Climate Threats
 Tangible threats caused by atmospheric 
or environmental processes that pose a risk to 
the AOI and can be adapted to but not mitigated. 
Climate threats are often acute in scale and can be 
modeled based on frequency and spatial extents. 
Climate threats modeled in this study include 
shallow coastal flooding, storm surge, and pluvial 
flooding.

Environmental Threats
 Chronic threats caused by the natural 
environment that pose a risk to the AOI, but can 
be mitigated. Environmental threats are more 
appropriately represented with spatial extents 
and intensity. These threats sometimes occur at 
the same time and cause compounding effects. 
The environmental threat modeled in this study 
is coastal erosion, which includes observed 
erosion hotspots and projected marsh loss areas.

Community Threats
 Threats that affect the day-to-day livability 
in an area over time, are less likely to be fixed 
to a particular location, and can be mitigated 
and adapted to. Community threats cannot be 
modeled consistently across an area, but are 
just as critical as other types. The consideration 
of these threats guides the recommendations 
that are appropriate for the local community. 
The community threat modeled is vulnerable 
water and sewer systems. The systems may be 
compromised by subsurface changes such as 
saltwater intrusion, regional water supply, sewer 
capacity sensitivities, and pollutants. 

Compound Threats
 A compound threat is when two separate 
threats occur at the same time and in the same 
place, exacerbating each other and resulting in 
more severe impacts. Compound threats cause 
both acute (rare or occasional) and chronic 
(consistent day-to-day) disturbances. The 
individual components of compound threats can 
be targeted to reduce the overlap of occurrence 
and mitigate the impacts on the Lowcountry.

Left Image: 

Sea Island Parkway during a 

king tide in December 2021. 

Image by Paul Nurnberg.
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Category of Typology Typology Definition of Typology Climate Threats
Environment 

Threats
Community 

Threats
Vulnerability Definition of Vulnerability

Corresponding 
Toolkit to 

Vulnerability
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re Geology

Coastal 
“Texture” 

The materials and interface of sea and land that affects wave attenuation and stormwater infiltration (e.g. sand, mud, oyster reefs, 
marsh grass or structures).

Shallow Coastal 
Flooding & Storm Surge

Coastal Erosion 
Compromised 
Water and Sewer 
Systems 

Erosion
Runoff, wave interaction, and inundations detiorate shore interfaces that contain valuable ecosystem services and valuable natural 
infrastructure assets. Shoreline 

Stabilization 
ToolkitTopography

Natural features, and their corresponding elevations, that dictate the movement of water as water is gravitationally-influenced and 
only flows downhill. Corresponding elevations dictate how and where water moves, buffers wave action on the shore, and provides 
protection to shoreline elevations from threats originating from water bodies. Compound Flooding 

Land Loss
Coastal erosion and deposition processes along the coastline interact with runoff, tides, and waves to dynamically shift the shoreline and 
change the composition of the coastal landscape interacting with property and infrastructure.

Ecology

Marshes
Intact habitat areas in any given coastal landscape that contain habitats likely to support high levels of biological diversity that 
provide ecosystem services to the community.

Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compund Flooding 

Coastal Erosion 
Compromised 
Water and Sewer 
Systems

Marsh Loss Disappearance of marsh ecological systems due to inundation from rising sea level impact detiorating habitats and ecosystem services

Shoreline 
Establishment 

Toolkit
Water Quality

Pollution levels in natural water bodies including the absorptive and conveyance capacity of native and altered soils and the natural 
ecology in place which affects the permeability, water quality, and infiltration of the ground

Reduced Water 
Quality

Quality of water is deminished due to changing groundwater interactions, impacts to the ecological filtration system, failing septic and 
sewer systems, and human development. Diminished water quality detiorates potable water supply sources, ecosystem health, and habitat 
provision.

Protected 
Habitat Areas

Designated areas that are known habitats for either endangered species or an active bird nesting area where development is 
restricted as to prevent the harassment, harm, or death of these species.

Loss of Habitat
Dissapearance or detioriation of critical habitat land, either from increasing inundation frequencies or increasing coastal erosion that results 
in degraded shorelines.

Ph
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re Transportation

Transportation 
Arteries 

Roads, bridges,and highways that are essential to travel throughout the area frequently used in day-to-day access throughout the 
local community and military bases to travel between locations for societal operations, including connections to schools, grocery 
stores, care centers, etc.

Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Coastal Erosion 

Disrupted Roadways
Roads and bridges that facilitate transportation yield impassable due to inundation or instablization from erosion at abutments, disrupting 
the travel of community members to access everyday needs. Protected 

Transportation 
ToolkitEmergency 

Infrastructure 
Physical infrastructure that supports the community in times of distress to aid evacuation, mitigation, and recovery (e.g. evacuation 
routes, routes hospitals and care centers)

Decreased 
Emergency 
Response

Capacity of critical infrastructure that is crucial to evacuation and recovery is diminished when transportation networks are impassable. 

Utilities

Municipal 
Utility 

Infrastructure

Constructed structures and pipes (or other linear conveyance systems) that are owned by the utility companies to supply, convey, 
and treat the utilities throughout the area (e.g. Power Plants, Electrical Substations, Water Plants, Sewer Plants, Potable Water Mains, 
Sewage Pipes). Storm Surge, Shallow 

Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Coastal Erosion 
Compromised 
Water and Sewer 
Systems 

Utility Inundation
Valuable utility systems being rendered non-functional due to inundation, disrupting essential services to residence, businesses and 
agencies.

Adapted Utility 
Infrastructure 

Toolkit
Well 

Infrastructure
Areas that are not connected to municipal water supply and aree dependent on well infrastructure for potable water. Water Scarcity

Well water from local aquifer being either contaminated, salty, or low producing, threatening the supply of potable water for regional and 
agricultural dependents and increasing the demands of imported potable water.

Septic 
Infrastructure

Areas that are not serviced by municipal sewage treatment and depend on septic systems for on-site treatment. Septic Failure
Failing septic systems, often caused by aged infrastructure or rising groundwaters, that detiorate water quality and yield septic dependents 
without sewage treament.
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Military

Military 
Housing

With both bases depended on limited housing the community housing stock is a priority for personnel and their families. Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Compromised 
Water and Sewer 
Systems

Limited Housing Military base personnel challenged by unsuitable residential conditions and/or inability to access the base due to disrupted transportation

Resilient Military 
Operations Toolkit

Military Utilities The military is dependent on shared utility infrastructure with the community including water, sewer, and power Coastal Erosion Impacted Utilities Utility impacts and outages to infrastructure serving the bases 

Military 
Hospitals

The local hospitals are used to treat military personnel in case of emergency with strict requirements around access to hospitals 
during an emergency event.

Inaccessible 
Hospitals

Disturbances that limit base access to public hospitals.

Industry

Tourism Areas where visitors to the Lowcountry come to see and experience the ecology and culture of the community.
Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Coastal Erosion 

Compromised 
Water and Sewer 
Systems

Reduced Tourism Disruptions to access or damage to tourism attractions including eco-tourism.

Preserved 
Industry Toolkit

Commercial 
Areas

Businesses and clusters of businesses that provide jobs, goods, and services to the community. Decreased Business Limited access, increased costs, or reduced income to Businesses and clusters of businesses

Agriculture Areas of productive harvesting and distribution of vegetation, fruits, vegetables, and livestock in the community.
Reduced Agriculture 

Capacity
Damage, access limitations, or supply shortages that disrupt the harvesting and distribution of agricultural yield.

Fishing
Locations of shellfish and fish harvesting including the locations and infrastructure necessary to access fishing areas including 
marinas and boat ramps.

Storm Surge, Shallow 
Coastal Flooding,  
Compound Flooding

Habitat and Access 
Impacts

Habitat or access impacts in fishing areas and access, reducing yield and quality of harvested shellfish and fish. 

Development

Existing 
Development

Development that has already been constructed and was built according to the land development standards that were encoded at 
time of design.

Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Coastal Erosion 

Compromised 
Water and Sewer 
Systems

Insufficiently 
Protected Structures

Structures that were constructed to dated standards that are either not equipped to a sufficient enough level of protection for projected 
disturbance or are no longer up to code, hindering recovery.

Intelligent 
Development 

Toolkit

Sites of Future 
Development

Parcels or communities that are to be developed and subjected to any current jurisdictional code for land development standards. At-Risk Development
Development that will be constructed to applicable code but not with sufficient regard to environmentally sensitive areas or to adjacent 
development due to a lack of incentive for developers to construct resilient sites that exceed jurisdicitonal standards. 

Community 
Preservation 
Districts and 
Planned Unit 

Developments

Demarcated areas both dictated by the Beaufort County Comprehensive Plan and encoded by the Beaufort County Community 
Development Code that are subjected to their own detailed community plans with customized land use and development 
standards.

Impacted 
Development 

Standards

Planned development throughout the AOI will be impacted from projected changes in disturbances affecting standards in Community 
Preservation Districts and Planned Unit Developments which adhere to different, often stricter, land development standards than structures 
outside of such communities. 

Heirs 
Properties

Parcels of land that are acquired by multiple beneficiaries by inheritance without wills or legal documentation proving ownership, 
resulting in fractured titles which complicates development, recovery, and real estate processes.

Displacement of 
Heirs

The displacement of residents of heirs properties due to either the inability of retrofitting structures to adapt to future disturbance or the lack 
of resources available to recover from disturbance. 
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Livability

Affordable 
Housing

Areas where housing is affordable to residents and near jobs and day to day needs.

Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Coastal Erosion 
Compromised 
Water and Sewer 
Systems 

Lack of Affordability
The decrease of reasonable housing opportunities for all residents due to uncoordinated development practices and an increased cost-of-
living, forcing residents to endure hardship or move.

Adapted Livability 
Toolkit

Economic 
Opportunity

Community Infrastructure that supports day-to-day societal operations of the community, including schools, grocery stores, care 
centers, airports, etc.

Constrained Livability
The increase in severity or percentage of population that is subjected to hardships or lifestyle changes that result from disturbances and 
hinder day-to-day societal function. 

Socially 
Vulnerable 

Census Blocks
Collections of parcels that are subjected to high levels of social vulnerability, as designated by the U.S. Census Bureau.

Increased Social 
Vulnerability

The increase of severity or percentage of population that is considered socially vulnerable due to the compounding of vulnerabilities or the 
repetitive disturbance from natural threats without the sufficient resources or time to recover. 

Culture

Designated 
Conservation 

Areas

Conservation areas that are owned, leased, or having a right of use by a public authority and managed for the purposes of 
preserving and improving the natural features of the environment.

Storm Surge, Shallow 
Coastal Flooding, 
Pluvial Flooding, 
Compound Flooding

Coastal Erosion 
Compromised 
Water and Sewer 
Systems 

Loss of Conservation 
Areas

Sites of natural significance or with high-density of ecosystem services lost due to increased shallow coastal flooding, storm surge, 
decreased water quality, or development pressures. Loss may result in loss of recreation opportunities and sense of unique character of 
area. 

Preserved 
Lowcountry 

Culture Toolkit

Historic 
Preservation 

Area

Areas that are preserved and protected by the Beaufort County Community Development Code due to their features of historic, 
architectural, cultural, archeological, or educational merit that are determined critical to the character of the area.

Loss of Critical 
Cultural Sites

Sites of historic, social, cultural significance to the Lowcountry becoming lost or inaccessible due to rising waters or development pressures, 
detiorating character of the area.

Rural and 
Critical Lands

Land designation that is designated by the Beaufort County Community Development Code as to provide a means to preserve the 
rural character of the land through land conservation.

Loss of Rural and 
Critical Lands:

Sites of rural significance losing sense of place due to lost or subjected to reduced ecosystem services from increased frequency of 
inundation, rising waters or development pressures.

Above Table: Comprehensive characterization of multiple systems, associated 

threats, corresponding vulnerabilities, and recommended toolkit measure.

THREATS AND VULNERABILITIES
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CLIMATE THREATS:
ANALYSIS AND ACTIONS

Climate Threats and Vulnerabilities
As defined previously, Climate Threats 

are caused by atmospheric or environmental 
processes and can be adapted to but cannot be 
mitigated or prevented. 

Coastal flooding is correlated with an area’s 
topography or terrain. Coastal flooding occurs in 
low-lying areas near water bodies and is caused by 
elevated sea levels, which can be temporary and 
infrequent, as with storm surge, or frequent and 
persistent, as with shallow coastal flooding due 
to tidal inundation. 

Pluvial flooding occurs when stormwater 
runoff accumulates in local topographic 
depressions. The flow patterns unique to each 
watershed have been formed and scoured 
over time. This study determined that areas 
of accumulation within the AOI typically 
correspond with low points along the historic 
Pamlico shoreline geology and the interdunal 
depressions created when wave forces shaped 
the coastline during previous global ice-ages.25 

Stormwater piping and groundwater infiltration 
are necessary to dissipate runoff accumulating 
in these depressions. Within the AOI, pluvial 

flooding is most concentrated in the Lowcountry 
uplands (areas of higher elevation).

Compound coastal flooding happens when 
coastal and pluvial flooding occur simultaneously, 
interacting to expand the flood zone. This study 
refers to this area as the Compound Coastal Flood 
Zone. 

Flood modeling was conducted for the 
vulnerability analysis and it revealed that coastal 
flooding threats are almost certain to occur 
in the Lowcountry AOI and that the flooding 
spatial extent will be the same in the future as 
today, but shallow coastal flooding will occur at 
a higher frequency. Due to ongoing sea level rise, 
flooding is expected to occur more frequently  
in the medium to long term. The similar areas 
of inundation across coastal flooding types 
are due to the natural geology of the land and 
the formation of the Pamlico shoreline, which 
is characterized by a very sharp increase in 
elevation. The vulnerability analysis determined 
that lower elevations leading up to the Pamlico 
shoreline are similarly subject to storm surge and 
shallow coastal flooding.

Left Image: 

In the Lowcountry, flooding 

is caused by heavy rainfall 

(pluvial flooding), storm 

surge due to hurricanes, 

and rising sea levels causing 

higher tides. Coastal and 

pluvial flooding can occur 

simultaneously, resulting 

in compound flooding.

Right Top Image: 

Diagram depicting the 

Lowcountry topography, with 

shallow coastal edges at 

left and steeper topography 

leading to inland channels 

and historic creeks at right. 

Right Center Image: 

Valves can be installed at 

inlets to tidal marsh areas 

to manage flooding. At 

left, the open valve allows 

for tidal flushing and 

exchange. At right, the 

valve can be closed at low 

tide to create a temporal 

detention basin for rainfall.

Right Bottom Image:

Compound flooding results 

from the interaction of 

elevated sea levels due to 

high tides or storm surge 

and upland rainfall. 

THREATS AND VULNERABILITIES
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Climate Threats: Elevational Analysis
Analyzing the variable distribution of 

threats across elevations provides a composite 
understanding of how hydrologic patterns 
relate to topography. The geology of a region 
is formed by and evolves with the weather and 
oceanic wave action that carves the land. A region 
within the AOI was sampled to complete an initial 
elevational analysis. The analysis determined 
the distribution of Climate Threats (storm surge, 
shallow coastal flooding, and pluvial flooding) 
for terrain that lies between -8 feet and 42 feet of 
elevation.

Coastal flooding occurs at low elevations, 
where the land surface is (temporarily) below sea 
level. Storm surge and shallow coastal flooding 
decrease in a linear fashion as the elevation rises, 
therefore higher ground is less likely to flood. 
Coastal wave action causes erosion that forms 
the shoreline, the present day wave action has 
carved a lip along the coastline at approximately 
6 feet to 8 feet above sea level, which acts as a 
barrier to flooding. If this edge is overtopped by 
a flood event, the area at risk of storm surge and 
shallow coastal flooding increases significantly. 

The percentage of land at risk of these threats 
tapers off at approximately 17 feet of elevation in 
the short-term and in the long-term.

Pluvial flooding does not maintain a 
consistent, linear pattern of risk across 
elevational change. In this analysis, the areas of 
accumulation were found to exist along low points 
corresponding to the historic Pamlico shoreline 
geology and in the interdunal depressions created 
by wave forces during previous global ice-ages, 
which shaped the coastline as ocean elevations 
decreased. The analysis indicates that the 
compounding risk of pluvial flooding becomes 
significant across the elevation band of 9 feet to 12 
feet, where rainfall runoff interfaces with storm 
surge and shallow coastal flooding. 

Above this zone, the risk of pluvial flooding 
recedes until the elevation band of 31 feet 
to 36 feet, where pluvial flood risk resurges. 
Intercepting flow within this elevation band 
would alleviate downstream compound flooding 
issues. The diverted volumes could be mitigated 
by detention or retention basins to reduce flow 
rate and volume during peak events.

Shallow Coastal Flooding Risk 2020 Pluvial Flooding Risk 2020 Storm Surge Risk 2020

Left Figure: 

Currently, areas at elevations 

between 9 feet and 12 feet 

above sea level and areas 

between 31 feet and 36 

feet above sea level are 

at higher risk of pluvial 

flooding. Coastal flood risk is 

highest at lower elevations.

THREATS AND VULNERABILITIES

ELEVATIONAL ANALYSIS - PERCENTAGE OF LAND AREA AT RISK
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Climate Threats: Climate Change
The elevational analysis can also be used 

to understand how the prioritized threats may 
change over time. Between today and 2040, the 
risk of flooding is projected to increase at a faster 
rate for areas at critical elevations. The figure 
above represents the increase in total land area at 
risk of storm surge, shallow coastal flooding, and 
pluvial flooding. For shallow coastal flooding and 
storm surge, the greatest increase in risk from 
today to 2040 occurs in areas that lie between 4 
and 8 feet above sea level. For pluvial flooding, 
the greatest increase in risk from today to 2040 
occurs between 0 and 3 feet of elevation. This 
figure also expresses the rate of advance across 
each of these threats. Due to the linear correlation 
between an increase in elevation and the risk of 
storm surge and shallow coastal flooding, these 
threats are projected to increase at five times the 
rate of pluvial flood increases over the same time 
period. The onset and progression of flooding is 
determined by the frequency and intensity of 
weather and storm events. 

Climate Threats: Management Approach
The tidal ranges in the Lowcountry are 

the most extreme in the Southeast, creating a 
multiplicity of differing ocean levels, coastal 
edges, and textures. The area’s proximity to the 
coast and high points of vantage and access are 
also crucial in everything from emergencies, day-
to-day logistics, fishing, to the general sense of 
place.

Flooding disturbances are widespread 
and result in impassable transportation 
networks, threatening the reliability of critical 
infrastructure that is essential in times of disaster 
and recovery. These threats also deteriorate the 
ecosystem services threaten the functionality of 
utility infrastructure for all, and heavily disrupt 
the industry infrastructure that are economic 
drivers for the Lowcountry (e.g. tourism, 
agriculture, fishing, etc.). 

As Lowcountry development often occurs 
along the edges of traditional flood areas, with 
regional roadways and railways existing across 
major ridgelines, pluvial flooding exposes both 
lowland areas as well as regional low spots 
occurring in high elevation areas.

Storm Surge (2020 - 2040) Shallow Coastal Flooding (2020 - 2040) Pluvial Flooding (2020 - 2035)

Right Figure: 

Areas between 4 feet and 

8 feet above sea level are 

most likely to experience an 

increase in coastal flood risk 

between now and 2040.

ELEVATIONAL ANALYSIS - CHANGE IN LAND AREA AT RISK
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THREATS AND VULNERABILITIES

FLOODING BY ELEVATION
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Right Image: 

Gates allow tidal exchange 

across the Spanish Moss Trail.

Left Image: 

Natural stormwater 

management systems with 

redundant connections and 

distributed areas of collection 

are more effective than 

artificial, isolated systems.

Structural flood mitigation strategies to 
address coastal flooding interactions with 
upland runoff should be prioritized in the 
short term. Flood mitigation techniques must 
prioritize upland retention and storage to reduce 
demands on stormwater networks and mitigate 
downstream flooding. Existing stormwater 
infrastructure should be upgraded or retrofitted 
to provide increased capacity in accordance with 
future projections. Coastal flood storage and 
living infrastructure should be implemented in 
the Lowcountry.

Tide gates such as those implemented at 
Mossy Oaks can be proactively planned and 
implemented within this critical elevation band 
of compound flood risk, from sea level to 12 feet. 
In the upland critical elevation band of 31 to 36 
feet, prioritizing tree and vegetation preservation, 
improving flow control and velocities, and 
optimizing conveyance between flood areas can 
help improve the upland capacity to mitigated 
access and infrastructure impacts.

Furthermore, implementing non-structural 
measures such as educational mechanisms 
and access to threat data, can reduce stress to 
existing residents and provide means for future 
residents to make informed decisions on property 
purchases. Expanding land acquisition policies 
for at-risk lands provides the same benefit. It is 
important to address the vulnerabilities that will 
arise in the medium to long term by beginning 
the process of evaluating and implementing 
community policies, long-term infrastructure 
resilience provisions, risk mitigation zoning, 
strategic development strategies, and nature-
based policy changes necessary to adapt to 
changing coastal and climate threats.

Additional development and climate 
pressures can be mitigated after non-structural 
policies are encoded to incentivize property 
owners to proactively raise houses, retrofits of 
road utility infrastructure are standardized, 
development standards are in place to avoid 
future flood disturbances, and mechanisms 
are established to facilitate recovery-related 
measures within the existing policy framework.
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ENVIRONMENTAL THREATS:
ANALYSIS AND ACTIONS 

Environmental Threats and Vulnerabilities
As defined previously, environmental threats 

are the chronic threats that are caused by the 
natural environment which, unlike climate 
threats, can be mitigated. Coastal erosion and 
marsh migration are fundamental environmental 
processes exposing the Lowcountry’s natural 
infrastructure and their ecosystems services 
to increasing levels of land loss due to climate 
hazards correlated to SLR since the 1800’s.26  
Erosion hotspots are areas that have been 
historically susceptible to impacts of erosion, 
due to a wide ranges of natural hazards that 
contribute to the erosion threat. While coastal 
erosion is one fundamental geomorphological 
process, erosion can be differentiated by what 
natural phenomena contributed to the erosion 
threat including, Tidal Erosion, Wave Erosion, 
Runoff Erosion and Coastal Flood Erosion. These 
topographically-driven processes that interact 
with the natural living environment can cause 
marsh loss which further accelerates erosion 
rates. 

Environmental Threats: Climate Change
Coastal erosion is most commonly associated 

with the retreat of a shoreline due to the 
interaction of the coast with powerful wave 

energy. Rising sea levels can and usually do 
increase coastal erosion. Moreover, the increased 
sea level can drown marsh habitat. Once the 
marsh has been reduced in size or died, the ability 
to trap sediments is decreased and the area may 
experience a decrease in elevation and conversion 
to tidal flats. The ground below the marsh has 
a loose composition, which further destabilizes 
of the shoreline. These conditions are especially 
evident in areas of transitional shoreline geology.

Although there are multiple causes for the 
threat of coastal erosion, the various types are 
evaluated as an aggregate due to the commonality 
in the landscape patterns and changes they 
create. As land is lost, marsh ecosystems erode 
in parallel, which accelerates the degradation of 
water quality and the aquatic biota that occupy 
it. With these resources representing a large 
portion of the fishing industry and cultural 
significance in the community, displacement of 
residents and businesses in the community could 
affect livability for military personnel and the 
communities they are a part of. 

Changing frequency and elevation of coastal 
inundation will result in greater impacts to 
roadways, stormwater utilities, open lands, and 
military property in the short term, causing 
greater impacts to roadway and bridge structures, 
water and sewer utilities, and rural and suburban 
development areas in the long term.

Left Image: 

Water velocity in tidal 

inlets can cause erosion 

along one edge of the inlet 

while depositing sediment 

along the opposite side. 

Over time, this creates 

a shifting shoreline.

THREATS AND VULNERABILITIES
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Environmental Threats:
Management Approach

Necessary measures to address coastal 
erosion, natural infrastructure losses and 
pollution threats that occur due to compounding 
threats can ultimately increase community 
resilience. These measures are intended to 
increase adaptive capacity to climate change and 
protect the coastline against the negative impacts 
of tides, storms, and SLR.

To prioritize shoreline stabilization and 
improve shoreline establishment in areas of 
natural sediment deposition, structural and 
nonstructural measures must be implemented 
in the short term along the shoreline, especially 
at areas of historic erosion to mitigate land 
loss and  deposition hotspots to promote land 
establishment.

To increase the coastline’s adaptive capacity, 
vulnerable communities should leverage land 
acquisition policies to prioritize shoreline 
stabilization measures to address threats such 
as marsh migration. Risk mitigation zoning, 
strategic development strategies, and nature-
based policy can promote developments away 
from elevations vulnerable to erosion. Extended 
riparian buffers that account for projected 
erosion disturbances, and provide accountability 
against future development pressures can also 

be instated. Community planning should be 
initiated to craft policies and identify funding 
opportunities that incentivize nature-based 
shoreline stabilization and establishment. 
Existing Public-Private organizations that 
provide volunteer and philanthropic support 
to community-based shoreline stabilization 
should be further supported and collaborate more 
holistically across military, private, and public 
lands.

Coastal erosion can also be mitigated 
by optimizing the efficacy of stormwater 
management upland of the erosion to maximize 
retention and reduce runoff velocity. Reducing 
the velocity of runoff passing through the 
stormwater network minimizes erosion of the 
shoreline where drainage outfalls occur. To adapt 
to the negative impacts already created by coastal 
erosion, disturbed roadways should be stabilized 
and stormwater outfalls should be improved, 
to further increase infrastructure lifespans 
and provide additional management resources 
to more rigorously prepare for the longer term 
climate impacts.

Right Image: 

The historic Pamlico 

shoreline geology and 

the interdunal depressions 

created when wave forces 

shaped the coastline during 

previous global ice-ages.
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COMMUNITY THREATS:
ANALYSIS AND ACTIONS 

Community Threats and Vulnerabilities
Community threats affect the day-to-

day- livability and can be both adapted to and 
mitigated against. For the purposes of this 
analysis, vulnerability to infrastructure systems 
encompasses utility, potable water and sewer 
when it comes to the evaluation of threatened 
system efficacy within the AOI. The threats 
facing the water and sewer utilities in the AOI is 
a recurring topic mentioned in the stakeholder 
engagements and both JLUS studies for MCAS 
Beaufort and MCRD Parris Island.

Community threats include potential negative 
impacts to power, sewer, and water infrastructure 
that depend on gravity and pressure to service the 
community and military, as well as groundwater 
sources and recharge zones throughout the AOI. 
This threatens the operational integrity of the 
infrastructure, and may cause failure that would 
result in water scarcity or water contamination. 
Existing efforts are already underway to harden 
power infrastructure, therefore this study has 
prioritized action to address compromised 
water and sewer infrastructure. Associated 
vulnerabilities relate to flood inundation, 
increasing groundwater elevations, aging septic 
systems, and saltwater intrusion that may impact 
water quality and groundwater availability in the 
future.

Left Image: 

Wetlands are a critical 

component of coastal 

ecosystems. They can also 

help filter stormwater and 

act as a buffer against storm 

surge. As sea levels rise, 

coastal wetlands such as 

the Lowcountry’s marshes 

can drown and disappear, 

hastening erosion. 

THREATS AND VULNERABILITIES
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Community Threats: Climate Change
Threats to water and sewer infrastructure 

are the result of natural hazards such as flooding 
or rising groundwater tables, which would 
result in scarcity of potable water, failing septic 
systems, and decrease in water quality. These 
vulnerabilities operate at multiple scales, from 
specific locations (e.g., well) to the entire region 
(e.g., aquifer). Changing climate patterns may 
further decrease the capacity and availability 
of water and sewer systems throughout the 
Lowcountry.

Climate Threats: Management Approach
Compromised water and sewer infrastructure 

must be proactively approached with both 
structural and non-structural measures as 
vulnerabilities are exacerbated due to natural 
hazards and compound threats. 

It is important to understand threats to the 
water and sewer systems compromise more 
than the regional Lowcountry lift stations, 
sewer plants, and water plants. Many climate 
and environmental hazards interact with well 
and septic infrastructure systems that parcel 
owners and commercial businesses depend on 
for everyday potable water and sewage treatment. 
It is also critical to understand that there is a 
correlation between areas of social vulnerability, 
sea level rise, and dependencies on wells and 
septic.

In the short to medium term, structural 
intervention such as retrofits for fixtures and 
utility infrastructure should be implemented 
for any system  that is inefficient, uses outdated 
technology, or is at the end of its life cycle. Further, 
mitigation efforts should identify opportunities 
to elevate, upgrade, or extend existing utility 
infrastructure owned by municipalities or 
utility companies, to increase efficiency, increase 
capacity, and protect against threats. Retrofits for 
water supply systems should be implemented to 
address any contamination or inefficiencies in 
the pumping process, and community-supported 
water supplies should also be explored in case of 
water scarcity. This includes retrofitting wells 
with updated technology to address pumping 
inefficiencies, bacterial contamination, or 
sediment contamination which can preserve 
water quality and supply.

Non-structural policies should be crafted to 
provide approachable guidelines for mitigating 
existing septic and well impacts through 
incremental improvements to achieve eventual 
compliance. 

In the medium to long term, alternative 
on-site wastewater systems should be proactively 
implemented for parcels that depend on septic 
systems, prior to the failure of the septic system, 
and community-scale treatment systems should 
be explored. This includes district-scale water 
supply systems coordinated between parcels 
and municipalities to capture and treat water at 
the local scale and store water to use in case of 
septic/utility failure. In addition, the promotion 
of  district-scale reuse of non-potable water 
can reduce water demands for high-demand 
commercial operations, such as for irrigation 
and industry, to reduce dependency on potable 
water supplies and mitigate negative impacts 
from future development.
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INFRASTRUCTURE 
MANAGEMENT

INTRODUCTION

Threats and vulnerabilities were identified 
to understand probability and extent of risk 
in current and projected conditions, and 
then evaluated to understand the resulting 
vulnerabilities to local infrastructure systems. 
Management of the identified threats must be 
done strategically, efficiently employing limited 
community resources. As climate risks escalate 
in frequency, intensity, and spatial extent, the 
exposure and sensitivity of infrastructure will 
increase, necessitating additional management.

The following tables are key infrastructure 
management opportunities that were identified 
through the vulnerability analysis. These 
management opportunities should serve as 
proactive measures to increase adaptive capacity 
and resilience to promote sustainable growth in 
the Lowcountry. With changing funding and 
grant criteria prioritizing multi-layered projects 
and nature-based solutions to natural hazards 
and threats, an analysis of grouped  threat-
vulnerabilities was needed to identify Lowcountry 
environments that are most vulnerable today and 
in the future.

Left Image: 

Woods Memorial Bridge 

connecting the City of 

Beaufort and Lady’s 

Island during a king tide 

in December 2021. Image 

by Paul Nurnberg. 

Toolkit measures were selected to reduce 
exposure to the threats experienced by the 
Lowcountry and to reduce the vulnerability of 
the Lowcountry’s natural, physical, economic, 
and social infrastructure.

Threats are compounded and pose multi-
layered vulnerabilities that require multi-layered 
solutions. Thus, solutions typically require a 
combination of structural and non-structural 
solutions. Measures included in the toolkit are 
not prescriptive, but offer a variety of approaches 
that range in scale, cost, timeline, and economic 
or societal constraints.
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TOOLKIT MEASURES IN RELATION TO THREATS ADDRESSED
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SHORELINE STABILIZATION TOOLKIT
Living Shoreline ● ●
Riparian and Wetland Buffers ● ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Bank Grading/Planting ● ● ●
Flow Controls ● ●
Oyster Reef Facilitation ● ● ●
Breakwater/Revetements ● ●

SHORELINE ESTABLISHMENT TOOLKIT
Living Shoreline ● ●
Riparian and Wetland Buffers ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Bank Grading/Planting ● ● ●
Oyster Reef Facilitation ● ● ●
Expansion of Stormwater Outfall Culverts ●
Sediment Addition ● ●

PROTECTED TRANSPORTATION MEASURES
Roadside Stabilization ● ● ●
Critical Infrastructure Ordinance ● ● ● ● ● ●
Road and Bridge Provisions ● ● ● ● ● ●
Stormwater System Conveyance Improvements ● ●
Bridge Retrofits ● ● ● ● ●
Road Raising ● ● ● ●
Breakwater/Revetements ● ●

ADAPTED UTILITY INFRASTRUCTURE TOOLKIT
Utility Fixture Replacements ●
Retrofit Existing Regional Utility Infrastructure ● ● ● ● ●
Legal Non-Conforming Uses ● ● ● ● ●
Retrofit On-Site Water Supply System ●
Alternative On-Site Wastewater Treatment System ● ● ●
District-Scale Water Supply System ●
District Scale Reuse of Non-Potable Water to 
Reduce Water Demands ●

RESILIENT MILITARY OPERATIONS TOOLKIT
On-Site Utility Fixture Replacement ●
Environmental Constraint Disclosure

Special Use Permits

Guidelines for Existing Residential Buildings

Reuse of Non-Potable Water to Reduce Water 
Demands

Road and Bridge Provisions ● ● ● ● ● ●
Critical Infrastructure Ordinance ● ● ● ● ● ●

PRESERVED INDUSTRY TOOLKIT
Conservation or Open Space Easement ● ● ● ● ● ●
Purchase of Development Rights

Living Shoreline ● ●
Oyster Reef Facilitation ● ● ●
Reuse of Non-Potable Water to Reduce Water 
Demands

INTELLIGENT DEVELOPMENT TOOKIT
Utility Fixture Replacements ●
Environmental Constraint Disclosure ● ● ● ●
Green Infrastructure Ordinance ●
Tree Preservation and Protection Standards ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Green Infrastructure ●
Supplemental High Hazard Area Zoning ● ● ●
Coastal Resilience Overlay ● ● ● ●
Flow Controls ●
Tide Gates/Active Controls at Stormwater Outfalls ● ●
Resilience Quotient Point System ● ●
Regional Stormwater Management ●
Cluster Development ● ● ●
Block Design ●
Alternative On-Site Wastewater Treatment System ●
District Water Supply System ●

ADAPTED LIVEABILITY TOOLKIT
Environmental Constraint Disclosure ● ● ● ●
Legal Non-Conforming Uses ● ● ● ● ●
Special Use Permits ● ● ● ● ●
Incentivizing Elevation of Residential Buildings ● ● ● ●
Free Board Elevation ● ● ● ●

PRESERVED LOWCOUNTRY CULTURE TOOLKIT
Purchase of Development Rights ● ● ● ● ● ●
Fee Title Acquisition of Land ● ● ● ● ● ●
South Carolina Conservation Bank Act ● ● ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Low-Density Zoning ● ● ● ● ● ●

INFRASTRUCTURE MANAGEMENT
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TOOLKIT MEASURES IN RELATION TO THREATS ADDRESSED
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SHORELINE STABILIZATION TOOLKIT
Living Shoreline ● ●
Riparian and Wetland Buffers ● ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Bank Grading/Planting ● ● ●
Flow Controls ● ●
Oyster Reef Facilitation ● ● ●
Breakwater/Revetements ● ●

SHORELINE ESTABLISHMENT TOOLKIT
Living Shoreline ● ●
Riparian and Wetland Buffers ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Bank Grading/Planting ● ● ●
Oyster Reef Facilitation ● ● ●
Expansion of Stormwater Outfall Culverts ●
Sediment Addition ● ●

PROTECTED TRANSPORTATION MEASURES
Roadside Stabilization ● ● ●
Critical Infrastructure Ordinance ● ● ● ● ● ●
Road and Bridge Provisions ● ● ● ● ● ●
Stormwater System Conveyance Improvements ● ●
Bridge Retrofits ● ● ● ● ●
Road Raising ● ● ● ●
Breakwater/Revetements ● ●

ADAPTED UTILITY INFRASTRUCTURE TOOLKIT
Utility Fixture Replacements ●
Retrofit Existing Regional Utility Infrastructure ● ● ● ● ●
Legal Non-Conforming Uses ● ● ● ● ●
Retrofit On-Site Water Supply System ●
Alternative On-Site Wastewater Treatment System ● ● ●
District-Scale Water Supply System ●
District Scale Reuse of Non-Potable Water to 
Reduce Water Demands ●

RESILIENT MILITARY OPERATIONS TOOLKIT
On-Site Utility Fixture Replacement ●
Environmental Constraint Disclosure

Special Use Permits

Guidelines for Existing Residential Buildings

Reuse of Non-Potable Water to Reduce Water 
Demands

Road and Bridge Provisions ● ● ● ● ● ●
Critical Infrastructure Ordinance ● ● ● ● ● ●

PRESERVED INDUSTRY TOOLKIT
Conservation or Open Space Easement ● ● ● ● ● ●
Purchase of Development Rights

Living Shoreline ● ●
Oyster Reef Facilitation ● ● ●
Reuse of Non-Potable Water to Reduce Water 
Demands

INTELLIGENT DEVELOPMENT TOOKIT
Utility Fixture Replacements ●
Environmental Constraint Disclosure ● ● ● ●
Green Infrastructure Ordinance ●
Tree Preservation and Protection Standards ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Green Infrastructure ●
Supplemental High Hazard Area Zoning ● ● ●
Coastal Resilience Overlay ● ● ● ●
Flow Controls ●
Tide Gates/Active Controls at Stormwater Outfalls ● ●
Resilience Quotient Point System ● ●
Regional Stormwater Management ●
Cluster Development ● ● ●
Block Design ●
Alternative On-Site Wastewater Treatment System ●
District Water Supply System ●

ADAPTED LIVEABILITY TOOLKIT
Environmental Constraint Disclosure ● ● ● ●
Legal Non-Conforming Uses ● ● ● ● ●
Special Use Permits ● ● ● ● ●
Incentivizing Elevation of Residential Buildings ● ● ● ●
Free Board Elevation ● ● ● ●

PRESERVED LOWCOUNTRY CULTURE TOOLKIT
Purchase of Development Rights ● ● ● ● ● ●
Fee Title Acquisition of Land ● ● ● ● ● ●
South Carolina Conservation Bank Act ● ● ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Low-Density Zoning ● ● ● ● ● ●

TOOLKIT MEASURES IN RELATION TO THREATS ADDRESSED
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SHORELINE STABILIZATION TOOLKIT
Living Shoreline ● ●
Riparian and Wetland Buffers ● ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Bank Grading/Planting ● ● ●
Flow Controls ● ●
Oyster Reef Facilitation ● ● ●
Breakwater/Revetements ● ●

SHORELINE ESTABLISHMENT TOOLKIT
Living Shoreline ● ●
Riparian and Wetland Buffers ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Bank Grading/Planting ● ● ●
Oyster Reef Facilitation ● ● ●
Expansion of Stormwater Outfall Culverts ●
Sediment Addition ● ●

PROTECTED TRANSPORTATION MEASURES
Roadside Stabilization ● ● ●
Critical Infrastructure Ordinance ● ● ● ● ● ●
Road and Bridge Provisions ● ● ● ● ● ●
Stormwater System Conveyance Improvements ● ●
Bridge Retrofits ● ● ● ● ●
Road Raising ● ● ● ●
Breakwater/Revetements ● ●

ADAPTED UTILITY INFRASTRUCTURE TOOLKIT
Utility Fixture Replacements ●
Retrofit Existing Regional Utility Infrastructure ● ● ● ● ●
Legal Non-Conforming Uses ● ● ● ● ●
Retrofit On-Site Water Supply System ●
Alternative On-Site Wastewater Treatment System ● ● ●
District-Scale Water Supply System ●
District Scale Reuse of Non-Potable Water to 
Reduce Water Demands ●

RESILIENT MILITARY OPERATIONS TOOLKIT
On-Site Utility Fixture Replacement ●
Environmental Constraint Disclosure

Special Use Permits

Guidelines for Existing Residential Buildings

Reuse of Non-Potable Water to Reduce Water 
Demands

Road and Bridge Provisions ● ● ● ● ● ●
Critical Infrastructure Ordinance ● ● ● ● ● ●

PRESERVED INDUSTRY TOOLKIT
Conservation or Open Space Easement ● ● ● ● ● ●
Purchase of Development Rights

Living Shoreline ● ●
Oyster Reef Facilitation ● ● ●
Reuse of Non-Potable Water to Reduce Water 
Demands

INTELLIGENT DEVELOPMENT TOOKIT
Utility Fixture Replacements ●
Environmental Constraint Disclosure ● ● ● ●
Green Infrastructure Ordinance ●
Tree Preservation and Protection Standards ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Green Infrastructure ●
Supplemental High Hazard Area Zoning ● ● ●
Coastal Resilience Overlay ● ● ● ●
Flow Controls ●
Tide Gates/Active Controls at Stormwater Outfalls ● ●
Resilience Quotient Point System ● ●
Regional Stormwater Management ●
Cluster Development ● ● ●
Block Design ●
Alternative On-Site Wastewater Treatment System ●
District Water Supply System ●

ADAPTED LIVEABILITY TOOLKIT
Environmental Constraint Disclosure ● ● ● ●
Legal Non-Conforming Uses ● ● ● ● ●
Special Use Permits ● ● ● ● ●
Incentivizing Elevation of Residential Buildings ● ● ● ●
Free Board Elevation ● ● ● ●

PRESERVED LOWCOUNTRY CULTURE TOOLKIT
Purchase of Development Rights ● ● ● ● ● ●
Fee Title Acquisition of Land ● ● ● ● ● ●
South Carolina Conservation Bank Act ● ● ● ● ● ●
Conservation or Open Space Easement ● ● ● ● ● ●
Low-Density Zoning ● ● ● ● ● ●

Non-Structural

Structural
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Goal of Toolkits
These toolkits are a collection of resources and 

techniques that are grouped together based on 
commonalities in the solutions that they provide. 
Deciding which solution from a given  toolkit 
should be implemented for a scenario should be 
informed by spatial constraints, desired levels 
of protection, implementation timeline, and 
other design parameters. Projects often include 
multiple strategies from the toolkit, allowing 
for customized hybrid solutions for unique 
site-specific solutions. Toolkits can include 
resources or techniques that are either tangible 
construction projects or policy frameworks.

Toolkits provide resources for local 
stakeholders to craft resilience projects with 
proven techniques, with the flexibility to 
customize based on local context. These toolkits 
are categorized by the vulnerabilities identified 
for an infrastructure system, and can be used as 
a roadmap for solutions implementation based on 
project site conditions. The toolkits shown below 
introduce the measures and associated benefits 
when addressing vulnerability. More detailed 
information about each of the toolkit measures 
can be found in Appendix C. 

Although the toolkit measures include 
actions to address specific vulnerabilities, it is 
important to consider the types of threats causing 
the vulnerability for a given project location. A 
single vulnerability can be caused by a wide range 
of natural hazards and corresponding threats, 
which must be taken into consideration when 
identifying suitable measures. For example, 
vulnerabilities relating to disrupted roadways 
can occur either due to inundation from pluvial 
flooding or inundation from coastal flooding. 
By understanding which type of flooding is 
occurring, implementation measures can be 
optimized. 

Outcomes of Toolkits
Toolkits are designed to be easy-to-use for 

practitioners and are crafted to provide guidance, 
but not to be prescriptive. Through the use of 
toolkits, local stakeholders are able to be informed 
and self-sufficient in technical decisions and 
customize solutions based on the local context. 
As threats and vulnerabilities change in the 
area over time, recommended solutions will too. 
Toolkits provide the flexibility needed to adapt to 
ever-changing design parameters.

When toolkit measures are used in 
combination, a comprehensive multi-layered 
solution is created that addresses both the causes 
and resulting impacts of the threat.

• Reallocated management resources for 
proactive management

• Improved water quality and habitat
• Protected transportation infrastructure 

network
• Improved infrastructure lifespan and tidal 

interactions
• Affordable densification in appropriate 

locations
• Reduced emergency and day-to-day risks to 

operations
• Protected utility access for military 

operations and surrounding community
• Reduced dependency and demands on 

existing municipal utility infrastructure

INFRASTRUCTURE MANAGEMENT
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Right Bottom Image: 

Flooding in Beaufort

Right Top Image:

Damage in Port Royal due 

to Tropical Storm Elsa
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NATURAL INFRASTRUCTURE MANAGEMENT TOOLKIT

INFRASTRUCTURE MANAGEMENT

Left Image:

Cypress wetland
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PHYSICAL INFRASTRUCTURE MANAGEMENT TOOLKIT

INFRASTRUCTURE MANAGEMENT

Left Image:

Damage in Port Royal due 

to Tropical Storm Elsa
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ECONOMIC INFRASTRUCTURE MANAGEMENT TOOLKIT

INFRASTRUCTURE MANAGEMENT
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SOCIAL INFRASTRUCTURE MANAGEMENT TOOLKIT

INFRASTRUCTURE MANAGEMENT
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REGIONAL IMPLEMENTATION 
STRATEGIES

INTERACTIONS WITH LAND USE

The aforementioned climate, environmental, 
and community threats categorize the three 
primary trends based on the vulnerability 
analysis. These threats interact with 
infrastructure in varying ways, necessitating 
different actions according to the specific 
relationship of land use and infrastructure 
systems. Land use in the AOI is  majority Rural, 
followed by Neighborhood, then Preserved Open 
Lands.

It is important to contextualize that 
development patterns in the Lowcountry have 
always had a history of adapting to coastal 
hazards and threats, with existing development 
patterns and roadways built to avoid current 
coastal risk elevations.

As defined in previous sections, with coastal 
flooding threats changing in frequency the most, 
it is important to understand how infrastructure 
vulnerabilities will be impacted as these systems 
and functions have traditionally been managed 
for less frequent hazards like hurricanes and 
storm surge.

Left Image: Looking North 

from St. Helena Island toward 

Warsaw Island during a 

king tide in December 2021. 

Image by Paul Nurnberg. 

Above Figure : Though rural and rural community land uses make up nearly 54% of land 

within the Area of Interest, the land at highest risk of coastal flooding is of military use.

With the largest change in threat frequency 
occurring within Roads and Highways (Access) 
followed by Commercial, Neighborhood/Mixed 
Use, and Rural areas it is important to understand 
how infrastructure systems must adapt to 
existing military community functions and 
future threats.

To address the spectrum of vulnerabilities 
that exist, the AOI was categorized based on 
typological characteristics and a toolkit composed 
of both structural and non-structural measures 
was curated to detail a range of opportunities for 
how to address them.
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Utilizing Land Uses in Climate Planning
When crafting a multi-layered solution 

to address a vulnerability, context for the area 
of interest must be considered in terms of the 
development conditions and the infrastructure 
dependencies. Context of land use and types 
of infrastructure highlight how a threat 
causes varying levels of vulnerability across 
development. Inequitable impacts are a result 
of history, access to transportation networks, 
proximity, and livability. 

Land uses for the AOI were classified by the 
following categories:

• Access: Roadways and highways
• Preserved Lands: Preserved lands and open 

space
• Commercial: Commercial, industry, and 

urban area
• Neighborhoods: Residential areas and mixed 

use
• Military: Military property
• Rural: Rural and agricultural areas

Areas subjected to disproportionate amounts 
of vulnerability are often correlated with areas of 
social inequality.

The spectrum of infrastructure and exposure 
to threats must be considered during adaptive 
planning and recovery. Some land uses rely 
more on navigable road networks due to heavy 
transportation access, while other land uses are 
more sensitive to functioning sewer systems 
due to limited available municipal sewer 
infrastructure.

By accounting for the unique characteristics 
and vulnerabilities of each land use, resilience 
measures can be selected from toolkits that are 
customized to fit the conditions and constraints 
of given location to optimize the efficacy of 
implementation. 

Recognizing that development will continue 
in the Lowcountry, it should be tailored to the 
land use patterns in which it is occurring. 
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REGIONAL IMPLEMENTATION STRATEGIES
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Existing Land Use Patterns in the 
Lowcountry

To offer better guidance on an approachable 
methodology to tailor toolkits to compound 
threats and corresponding vulnerabilities, the 
AOI was categorized by development patterns 
into three transects informed by the Greenprint 
and Comprehensive Plans: Urban, Suburban, and 
Rural.

By associating common infrastructure 
systems that are often found within land use, 
guidance for developing resilient implementation 
projects can be provided in a user-friendly 
and replicable manner for all stakeholders. 
This categorization of infrastructure systems 
acknowledges that different development 
patterns have varying degrees of infrastructure 
presence and dependency.

Land uses were characterized within the form 
of transects, grounded by the Beaufort County 
Comprehensive and Greenprint Plans, to show 
how site-specific evaluations of Rural, Suburban, 
and Urban transects can inform toolkit selection 
and spatial application. These transects are 
meant to provide a high level characterization 
of common land use patterns and corresponding 
toolkit application, to be used in a replicable 
fashion by stakeholders in other similar areas 
throughout the AOI. 

LAND USES, TRANSECTS, 
AND VULNERABILITIES

Below Image:

Urban, Suburban, and 

Rural transects within the 

Lowcountry as described 

in the Greenprint Plan and 

the Comprehensive Plan.
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Rural developments are characterized by 
smaller familial or agricultural developments 
with limited access points to urban areas and 
evacuation routes. It is typical for these regions 
to utilize decentralized wastewater treatment 
techniques as there is no access to municipal 
wastewater systems. These conditions often 
correlate to a socially vulnerable community 
with limited economic resources and mobility. 
These communities are especially dependent 
on passable road networks as there are much 
fewer alternate transportation routes in times of 
inundated roads. 

Ecologically, the land has a heavy presence of 
agriculture and is often associated with low-lying 
elevations near waterways and wetland with large 
ecological systems including oyster reefs and 
marshes. The intimate interaction of the limited 
local physical infrastructure with the ecological 
landscape in a rural landscape often results in 
a tension of compounding threats that result in 
social vulnerability. 

RURAL LAND USE
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Land Loss

Erosion

Reduced Shellfish and Fishing

Marsh Loss

Reduced Water Quality

Reduced Eco-Tourism

Commercial Fishing Impacted

Marsh Loss

Storm Surge + SCF Compound Flooding

Sewer Inundation

Erosion

V
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A
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ES

Constrained Livability

Increased Social Vulnerability

Water Scarcity

Septic Failure

Land Loss

Erosion

Reduced Shellfish and Fishing

Marsh Loss

Reduced Water Quality

Reduced Tourism Reduced Eco-Tourism

Commercial Fishing Impacted

Loss of Critical Cultural Sites

Exposed Properties in Cultural Protection Overlay

Vulnerable Structures

Storm Surge + SCFCompound Flooding

Compromised Water Supply (well and aquifer)

Compromised Septic Capacity

Marsh LossPluvial Flooding  / Runoff Erosion

Reduced Agricultural Capacity

Decreased Emergency Access

Disrupted Roadways

Utility Inundation

Loss of Rural and Critical Lands

REGIONAL IMPLEMENTATION STRATEGIES
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RURAL LAND USE

Transportation routes are becoming 
increasingly threatened in the coming decades 
at a much higher rate for rural and open lands. 
These limited routes are critical in the day to day  
and emergency needs of the socially vulnerable 
rural community.

Deep cultural ties to the land and ecology 
paired with a strong agrarian character define 
a series of toolkit items necessary to preserve 
the rural character, improve ecosystem services, 
and create more resilient agriculture typologies 
that respond to climate and regional water 
sensitivities affecting supplies of the military 
bases.

A portfolio of strategies are provided, that 
can be applied to a specific type of land use to 
achieve a resilient ecology, community, and 
infrastructure systems.

REGIONAL IMPLEMENTATION STRATEGIES

Oyster Reef Facilitation

Sediment Addition
and Plantings

Retrofit Existing Utility 
Infrastructure

Marsh Loss

Storm Surge + SCF Compound Flooding

Sewer Inundation

Erosion

Road Raising Reuse of Non-Potable 
Water for Agriculture

Land Conservation Living Shoreline / 
Breakwaters

Storm Surge + SCFCompound Flooding

Compromised Water Supply (well and aquifer)

Compromised Septic Capacity

Marsh LossPluvial Flooding  / Runoff Erosion
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Suburban developments are characterized by 
more access points to road networks with multiple 
bridge access points to travel between the ridges 
and lands of low elevation. These developments 
possess more sub-grade infrastructure, including 
potable water and sewer systems with lift stations 
that convey sewage between parcels and the 
wastewater treatment plant. 

These developments range in elevation, but 
are closer in proximity to schools, grocery stores, 
and care centers. Many of these developments are 
still limited by road networks and bridges to reach 
evacuation routes. In this AOI, suburban land 
uses are heavily correlated with high volumes of 
military personnel residences.

SUBURBAN LAND USE
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Constrained Livability

Land Loss

Erosion

Shellfish and Fishing

Marsh Loss

Water Quality

Limited Housing Near Base

Impacted Base Utilities

Lack of Affordable Housing

Vulnerable Development

Exposed Structures

Impacted Development Standards

Marsh

Storm Surge + SCF Compound Flooding

Compromised Water Supply (well and aquifer)

Sewer Inundation

Erosion

Utility Inundation

V
U
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Constrained Livability

Land Loss

Erosion

Reduced Shellfish and Fishing

Marsh Loss

Reduced Water Quality

Reduced Eco-TourismDecreased Business

Reduced Hospital Access

Limited Housing Near Base

Lack of Affordable Housing

Vulnerable Development

Exposed Structures

Impacted Development Standards

Storm Surge + SCFCompound Flooding

Compromised Septic Capacity

Marsh LossPluvial Flooding  / Runoff Erosion

Decreased Emergency Access

Disrupted Roadways

Utility Inundation

REGIONAL IMPLEMENTATION STRATEGIES
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SUBURBAN LAND USE

Suburban land use presents more conflicts 
between existing and future development to 
climate change than rural land use. The stressors 
of affordable housing consideration and climate 
risks for military personnel are most evident in 
this land use.

Recommended strategies relate to improving 
resilience through modifications of existing 
buildings, improving constructions standards 
and access considerations.

A portfolio of strategies are provided, that 
can be applied to a specific type of land use to 
achieve a resilient ecology, community, and 
infrastructure systems.

REGIONAL IMPLEMENTATION STRATEGIES

Wetproof Buildings 
to DFE

Marsh

Storm Surge + SCF Compound Flooding

Compromised Water Supply (well and aquifer)

Sewer Inundation

Erosion

Elevate Buildings 
Above DFE

Managed retreat - purchase of 
development rights

Green Infrastructure 

Storm Surge + SCFCompound Flooding

Compromised Septic Capacity

Marsh LossPluvial Flooding  / Runoff Erosion

Stormwater Conveyance 
Improvements

Improved Block Design

Elevated RoadwaysRedundant Access 
Routes

Regional Stormwater 
Management

Land Conservation Living Shoreline / 
Breakwaters
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Urban developments are associated with 
areas that possess a heavy presence of historic 
town centers, businesses, and public plazas or 
waterfronts. This land use is also associated with 
housing a dense amount of critical infrastructure 
that supports the larger areas, such as road 
networks, interchanges, hospitals, and marinas/
docks. In this AOI, Urban developments are often 
found near shorelines and have interactions with 
edge ecosystems. Often, the edge ecosystems 
are vulnerable to erosion and threats of pluvial 
flooding, surge and tidal inundation.

URBAN LAND USE

TH
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Utility Inundation

Constrained Livability

Lack of Affordability

Land Loss

Erosion

Shellfish and Fishing

Marsh Loss

Water Quality

Reduced Tourism

Decreased Business

Limited Housing Near Base

Vulnerable Development

Exposed Structures

Impacted Development Standards

Marsh

Storm Surge + SCF Compound Flooding

Compromised Water Supply (well and aquifer)

Sewer Inundation

Erosion Pluvial Flooding  / Runoff

Decreased Emergency Access

Disrupted Roadways
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Land Loss

Erosion

Reduced Shellfish and Fishing

Marsh Loss

Reduced Water Quality

Reduced Eco-Tourism

Reduced Hospital Access

Vulnerable Development

Exposed Structures

Storm Surge + SCFCompound Flooding

Sewer Inundation

Marsh LossErosion

Decreased Emergency Access

Disrupted Roadways

Utility Inundation

REGIONAL IMPLEMENTATION STRATEGIES
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URBAN LAND USE

Urban land use is more space constrained 
in opportunities of structural interventions. 
However, by integrating policy and coastal 
resilience into a layered resilience strategy can 
aggregate improvements for the overall area.

Resilience measure include shoreline 
stabilization, transportation improvements, 
large scale tidal flood mitigation projects, and 
improved development standard that prioritize 
green infrastructure, tree canopy, and resilience. 

These opportunities help maintain the 
economy, culture, and infrastructure the military 
and its personnel are dependent on.

A portfolio of strategies are provided, that 
can be applied to a specific type of land use to 
achieve a resilient ecology, community, and 
infrastructure systems.

REGIONAL IMPLEMENTATION STRATEGIES

Wetproof Buildings 
to DFE

Elevate Buildings 
Above DFE

Green Infrastructure Floodwall / Revetments Elevated Causeways

Improved Block Building

Increase Tree Cover Tidal Flow Control Breakwaters

Oyster Reef FacilitationStormwater Conveyance 
Improvements

Marsh

Storm Surge + SCF Compound Flooding

Compromised Water Supply (well and aquifer)

Sewer Inundation

Erosion Pluvial Flooding  / Runoff

Storm Surge + SCFCompound Flooding

Sewer Inundation

Marsh LossErosion
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PRIORITIZED PILOT PROJECTS

SCREENING AND PRIORITIZATION

A screening process is a method of 
identifying critical systems that are most subject 
to influences within the system and evaluate 
the impact that future threats may have. This 
screening process uses locations of interest 
identified through the vulnerability analysis 
mapping and prioritizes the order in which 
the vulnerabilities are addressed, based on the 
compound threats affecting the areas and the 
amount of vulnerability that is associated with 
the area. 

It is crucial to note that this process builds 
off the substantial amount of work that has 
already been done to analyze vulnerabilities, 
represented by recent frameworks put forth by 
jurisdictional studies, as well as DoD sponsored 
efforts. This screening process interweaves 
previously developed plans already created with 
the technical analysis conducted to develop 
strategic applications of the previous work in a 
site-specific fashion. 

In particular, this screening process is 
most heavily based off the Beaufort County 
Comprehensive Plan, Beaufort County Greenprint 
Plan and OLDCC’s “Advancing Resilience for 
Defense Communities - A Planning Framework”.

For this screening process, a prioritization 
matrix was created that uses a qualitative and 
quantitative weighting system to facilitate 
prioritization of projects and their vulnerabilities.

Priority zones for implementation were 
identified based on aggregate vulnerability, 
potential impacts on military operations, 
and disruption of economic activity in the 
Lowcountry. Efforts have been made to account 
for the community-held valuation of shared 
community systems and vulnerabilities through 
scoring of infrastructure relating to the military 
directly and tangentially, as defined in the earlier 
sections of this report.

It is important to acknowledge that 
mitigating vulnerabilities is a long and expensive 
process that cannot always be dealt with in a short 
time frame. The prioritization matrix provides a 

flexible timescale and highlights where planning 
can begin to optimize resilience for shared 
community assets and infrastructure. This 
method, which was of critical importance for the 
Lowcountry Council of Governments, is meant to 
be a dynamic framework that can be expanded to 
incorporate additional infrastructure systems 
and modeling as this resilience process continues 
to evolve in the Lowcountry.

The prioritization matrix, with a location 
of interest as the input, assigns points to the 
project based on the number of threats that 
compound at the location, points relative to the 
influence this location has on critical military 
operations, points to vulnerabilities of the various 
infrastructure systems that are exposed in the 
area, and a multiplier for the time period in which 
threats become reality due to natural hazards. 
The more threats that the area is exposed to, or 
the more vulnerabilities that arise, the higher 
the assigned score and corresponding priority 
of a particular location.  By assigning values to 
the compound threats and vulnerabilities in the 
AOI, quantitative decisions about sequencing of 
actions on a list of projects can be used to optimize 
the pursuit of resilience for the community. 

This screening process was used to inform 
and prioritize a list of projects in addition to 
identifying over 100 additional project locations 
that can be further refined and prioritized in 
Appendix E.

Goals of Resilience Pilot Projects 
A pilot project is a small-scale implementation 

of an idea that proves viability. The pilot project 
enables stakeholders to manage the risk of a 
new idea and identify any deficiencies before the 
project idea is expanded and substantial amounts 
of time and effort are spent. Pilot projects provide 
stakeholders and managers valuable feedback on 
time frames and budgets for new project concepts 
as well as identifying critical policy trigger points 
necessary for resilience adaptation.
Prioritization Tool

Left Image: 

The Shell Point - US 21 

Interchange during a 

king tide in December 

2021. Photograph by 

Paul Nurnberg.
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1. Identify a project location and define its 
boundaries.

2. Tally the number of resilience threats 
applicable to the area within the project 
boundary.

3. Identify and tally the systems and 
vulnerabilities exposed to potential 
threats within the project area.

4. Tally the amplifying factors of military 
relevance  that could compound the 
vulnerabilities.

5. Identify and tally the time frame or time 
frames in which the resilience threats are 
expected to impact the project area.

6. Add the total score for each project and 
compare to other potential projects. 
Projects with higher scores are 
recommended for prioritization.

VULNERABILITYSYSTEM

PROJECT TITLE LATITUDE  LONGITUDE 
INFRASTRUCTURE RESILIENCE MILITARY SENSITIVITY 

SCORE THREATS RELEVANCE TIMELINE 
Sewer Manhole, Marsh (823 Ac) and Fishing Area  32°23'50.34"N  80°46'28.49"W 8 1.25 0 2 
Evacuation Route, Marsh (485 Ac) and Fishing Area  32°24'28.46"N  80°28'28.50"W 8 1.16 0 2 
Evacuation Route, Marsh (308 Ac), Access to Hospital  32°22'51.94"N  80°42'40.05"W 8 1.66 2 2 
Star Magnolia  32°26'49.81"N  80°38'3.72"W 11 2.33 2 3 
St. Helena WWTP   32°24'1.52"N    80°34'36.46"W 17 1.88 1 3 
Shell Point  32°22'6.31"N  80°42'53.91"W 10 2 2 3 
Sea Island Parkway - 2.5 miles (Hwy 21)  32°24'3.32"N  80°37'28.32"W 8 1.33 2 3 
Sea Island Parkway - 4 miles (Hwy 21)  32°24'8.67"N  80°26'52.15"W 10 1.66 0 2 
Trask Parkway - 0.5 miles (Hwy 21)  32°26'49.95"N  80°43'47.77"W 6 1.5 2 2 
Trask Parkway - 1 mile (Hwy 21)  32°32'21.60"N  80°44'43.87"W 6 1.5 2 2 
Old Point  32°25'58.50"N  80°39'59.52"W 13 2 0 2 

 

PROJECT TITLE 
PRIORITIZATION  

SCORE 
Sewer Manhole, Marsh (823 Ac) and Fishing Area 11.25 
Evacuation Route, Marsh (485 Ac) and Fishing Area 11.16 
Evacuation Route, Marsh (308 Ac), Access to Hospital 13.66 
Star Magnolia 18.33 
St. Helena WWTP  22.88 
Shell Point 17 
Sea Island Parkway - 2.5 miles (Hwy 21) 14.33 
Sea Island Parkway - 4 miles (Hwy 21) 13.66 
Trask Parkway - 0.5 miles (Hwy 21) 11.5 
Trask Parkway - 1 mile (Hwy 21) 11.5 
Old Point 17 
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Prioritized Resilience Pilot Projects 
Using the prioritization process three pilot 

project were chosen that have high scores, 
align with community land use typologies of 
rural, suburban, urban highlighting many of 
vulnerabilities and toolkits defined throughout 
this report. Each pilot project is a recommendation 
for a series of mitigation measures that can be 
applied to the three development transects in the 
Lowcountry at local and regional scales. 

The pilot sites are meant to highlight how 
the spectrum of recommendations from previous 
reports, stakeholder input, high priority projects 
identified by the screening process, and aggregate 
vulnerabilities across the socioeconomic 
spectrum, can come together to inform efforts 
that benefit the military installations and the 
surrounding communities.

 

 

 

 

 

 

 

Land Use Pilot Project 
Military Asset  Community Asset Threats Affecting Area 
or Service of  or Service of Coastal Pluvial Storm Compound Marsh Coastal Water & 
Pilot Project Pilot Project Flooding Flooding Surge Flooding Loss  Erosion Sewer 

Rural 
St. Helena's Island 
Wastewater Treatment 
Plant (WWTP) 

Evacuation Route 
and access to 
MCRD Parris 
Island 

Evacuation Route ● ● ● ●     ● 

Suburban 
Star Magnolia 
Subdivision on Lady's 
Island 

Military Housing Sewer Lift Station ● ● ● ●   ● ● 

Urban US 21 Interchange at 
Shell Point  

Potable Water 
Withdrawals 

Wastewater 
Treatment and 
Non-Potable 
Irrigation 

● ● ● ● ● ●   

 

URBAN SUBURBAN

RURAL

PRIORITIZED PILOT PROJECTS



 83 MIRR Lowcountry



84  

PILOT PROJECT - RURAL TRANSECT

St. Helena Island is a primarily rural, 
agricultural area and is the location of one of the 
two Wastewater Treatment Plant (WWTP) for the 
municipal sewer connections in the AOI. 

Threat considerations for this area include:

• The community’s dependence on 
groundwater for agriculture irrigation 
demand is concentrated in vulnerable 
locations to inundation, aquifer sensitivity, 
and septic impacts that may further stress 
regional and military potable supplies in the 
future.27  

• The WWTP, along with large portions of St. 
Helena Island, are vulnerable to both pluvial 
flooding and compound coastal flooding 
further impacting the ecology and shellfish 
adjacent to the plant outfall.

• As groundwater levels and precipitation 
events increase, changes pose an ecological 
and public health threat to the Lowcountry 
environment due to the dependency that the 
Island has on septic tanks.

St. Helena Island is low-lying in elevation, 
the largest source of agricultural productivity in 
the AOI, is especially vulnerable to impassable 
road networks due to limited access points, and is 
the location of one of only two major wastewater 
treatment plants in AOI. The history of the island 
is heavily interwoven with racial and socio-
economic issues dating back centuries relating 
to the Gullah/Geechee community and stressors 
that lead to their displacement especially with 
the legal complication of heirs property that is 
concentrated on the island.28, 29 The community 
has strong leadership advocating for community-
led action to climate issues. The Environmental 
Protection Agency (EPA) has supported previous 
planning efforts in this community and continues 
to do so.30 With limited local connections to the 
sewer systems, socio-economic and cultural 
vulnerabilities, and a history of displacement due 
to infrastructure issues, this pilot project location 
requires community-led action that builds on 
current planning efforts around sustainability 
and green infrastructure.31
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Vulnerabilities include:
• Marsh loss adjacent to the WWTP
• Reduced water quality from septic and 

WWTP runoff
• Disrupted roadways in the community
• Decreased emergency response and 

evacuation from the island
• Utility Inundation of WWTP
• Water scarcity caused by impacted well
• Septic failure due to age or rising groundwater
• Decreased business due to environmental or 

climate damage
• Reduced agriculture Capacity due to well 

limitation
• Insufficiently protected structures in existing 

buildings
• Impacted development standards for 
• Displacement of heirs in the Gullah 

Community
• Lack of affordability
• Constrained livability and day-to-day to 

stressors on critical infrastructure
• Increased social vulnerability
• Loss of conservation areas
• Loss of critical cultural sites

Goals for this pilot project are to improve 
the drainage conveyance of the local area 
through green infrastructure and stormwater 
improvements to mitigate impacts of pluvial 
flooding, protection for the WWTP and its 
operations, and provide resilience against sewer 
hazards for residents of St. Helena Island that 
currently rely on septic tanks.

Recommendation 1
Further study of adaptation tactics for 

septic and groundwater issues integrated with 
green infrastructure to prevent community  
displacement and provide opportunities for 
better sanitation and potable water access. 
These opportunities can include leveraging 
the WWTP as a regenerative system supplying 
the community with additional non-potable 
capacities and possible expansion of alternative 
power generation, studying incentives for 
district-scale power, water and sewer systems 
and optimization measures for agricultural 
groundwater demands.
• Responsible Parties: Leverage existing 

partnership with the Environmental 
Protection Agency and Gullah/Geechee 
Community

• Funding: FEMA’s Building Resilient 
Infrastructure and Communities (BRIC) 
Grant, FEMA’s Hazard Mitigation Grant 
Program, U.S. Department of Housing and 
Urban Development (HUD) Community 
Development Block Grant Mitigation 
(CDBG-MIT) Program, U.S. Department of 
Agriculture (USDA) Emergency Conservation 
Program (ECP), USDA Environmental Quality 
Incentive Program (EQIP), Community 
Foundation for the Lowcountry’s Impact 
Grants, Port Royal Sound Foundation’s 
Research Grants Program

Right Image: 

Overdrawing from the 

Upper Floridian Aquifer 

can cause saltwater to 

enter the freshwater supply. 

Diagram modified from 

Provost and others, 2006.
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Recommendation 2
Legal Non-conforming Use and Special Use 

Permits policy implementation that accepts 
advanced or alternative methods for sewage 
disposal, including alternative treatment units, 
as to reduce dependency on septic tanks while 
minimizing displacement due to existing system 
issues.
• Responsible Parties: South Carolina 

Department of Health and Environmental 
Control (SCDEC) and the local health 
departments

By implementing this planning and policy 
adaptation, the local St. Helena community 
can be more resilient to increasing stressors of 
development and climate change by allowing 
growth and improved cultural diversity for 
military personnel and their families living in the 
Lowcountry. In the long term, this planning action 
can help reserve limited potable groundwater 
supply for the region and bases during moments 
of scarcity or increased regional development 
patterns impacting supplies, including increased 
pumping from the Floridan aquifer which 
impacts salinity and access to groundwater for 
agriculture.

Right Images: 

The wastewater treatment 

plant (WWTP) on St. 

Helena Island. Photographs 

by Paul Nurnberg.

REPORTED PERMITTED GROUNDWATER USE 
FOR THE LOWCOUNTRY CAPACITY USE AREA (1983 - 2015)
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Star Magnolia Subdivision is a neighborhood 
in Lady’s Island that houses several military 
personnel families in moderately priced and 
affordable housing that is subjected to several 
types of threats.

 Threat considerations for this area include:
• Subdivision is adjacent to a tidal inlet that 

is vulnerable to compound coastal flooding. 
Negative impacts from the compound 
flooding threaten the neighborhood that is 
closest to the water body.

• The area is also subjected to pluvial flooding 
and high water table sensitivities with 
modeled impacts shown to affect a large 
portion of the neighborhood. 

• A sewer lift station exists in the neighborhood 
and is threatened with inundation from 
both the compound coastal flooding and the 
pluvial flooding.

Vulnerabilities include:
• Insufficiently protected existing structures
• Impacted military housing
• Disrupted roadways
• Impacted Lady’s Island development 

standards
• Loss of habitat and marshes
• Water quality impacts
• Sewer utility inundation
• Impacts to affordable housing

Goals for the pilot project are to mitigate 
impacts of flooding by elevating buildings, 
improving stormwater conveyance and storage 
mechanisms, and protecting the operational 
integrity of the sewer lift station.

PILOT PROJECT - SUBURBAN TRANSECT

Storm Surge and 
Shallow Coastal 
Flooding

Pluvial Flood

WWTP

Legend

Treated Wastewater 
Outfall
Shellfish Monitoring 
Location

Marsh Loss

Storm Surge and 
Shallow Coastal 
Flooding

Pluvial Flood

Stormwater 
Piping

Legend

Sewer Lift Station

Storm Surge and 
Shallow Coastal 
Flooding

Pluvial Flood

WWTP

Legend

Treated Wastewater 
Outfall
Shellfish Monitoring 
Location

Marsh Loss

Storm Surge and 
Shallow Coastal 
Flooding

Pluvial Flooding

Sewer Lift Station

Legend

Storm Surge and 
Shallow Coastal 
Flooding

Pluvial Flood

WWTP

Legend

Treated Wastewater 
Outfall
Shellfish Monitoring 
Location

Right Images: 

Suburban Transect Pilot 

Project - isolated, artificial 

stormwater retention ponds 

are less effective than 

natural, interconnected 

systems. Photographs 

by Paul Nurnberg.
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Right Images: 

Urban Transect Pilot 

Project - Shell Point US 21 

Interchange. Photographs 

by Paul Nurnberg.

Recommendation 1
Infrastructure sensitivity analysis and 

surveying of the community’s infrastructure 
capacity and elevations, including property 
ownership and utility maintenance 
responsibilities.
• Responsible Parties: Homeowners 

Association, Beaufort Jasper Water and Sewer 
Authority, Beaufort County Department of 
Public Works and Stormwater Management

• Funding: FEMA’s Hazard Mitigation Grant 
Program (HMGP), FEMA’s Flood Mitigation 
Assistance (FMA) Grant Program, HUD 
CDBG-MIT Program

Recommendation 2
Regional policy implementation that builds 

on the Greenprint and Comprehensive Plans 
to improve block design through strategic 
development strategies, nature-based policies, 
and risk-mitigation zoning in existing and 
proposed subdivisions and implemented in this 
community and others, which also leveraging 
risk and modeling data from this study. 
• Responsible Parties: Northern Beaufort 

County Regional Plan Implementation 
Committee

• Funding: DoD Office of Local Defense 
Community Cooperation Defense 
Community Infrastructure Program, HUD 
CDBG-MIT Program, USDA’s Watershed and 
Flood Protection Program, FEMA’s Hazard 
Mitigation Grant Program (HMGP), Coastal 
Community Foundation’s Beaufort Fund, Port 
Royal Sound Foundation’s Research Grants 
Program

By implementing local improvements to this 
subdivision and triggering analysis of policy 
implementations, this specific neighborhood can 
better serve its existing military families while 
providing a blueprint to action and community 
design in the Lowcountry.

Above Image: 

Stormwater management on individual lots can be improved 

by incorporating resilient measures such as relying on 

natural systems and increasing permeable surfaces. These 

small changes at the lot level can have significant impacts in 

aggregate and lead to a more flood resilient region over time.
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PILOT PROJECT - URBAN TRANSECT

The Shellpoint - US 21 Interchange serves 
nearby neighborhoods and the land entrance 
for MCRD Parris Island, serving as a critical 
evacuation and access route for both. 

 Threat considerations for this area include:
• The interchange is near the coast and 

is subject to high levels of erosion and 
compound flooding, including pluvial 
flooding, storm surge inundation, and 
shallow coastal flooding. 

• This site corresponds with living shoreline 
locations proposed by SCCCL/SCDNR.

Vulnerabilities include:
• Inaccessible hospitals
• Decreased emergency response
• Disrupted roadways
• Loss of habitat
• Marsh loss
• Water quality impacts
• Land loss
• Erosion
• Decreased business access
• Constrained livability
• Reduced tourism to Parris Island

Goals for this pilot project include:
• Stabilize shoreline to mitigate the eroding 

edge of marsh, mitigating impacts of pluvial 
flooding, enhancing stormwater storage and 
treatment to improve water quality in the 
local estuarine ecosystem, preserving coastal 
habitat, and improving both emergency and 
day-to-day ingress/egress .

• Reduce impacts of pluvial flooding by 
capturing and storing stormwater. Balance 
stormwater storage with tidal fluxes and 
future scenarios of sea level rise.

• Address water quality issues by 1) treating 
stormwater runoff before it mixes with tidal 
waters and 2) improving ecosystem service of 
the estuarine system. 

• Habitat: Preserve, enhance, and restore 
coastal habitat that will be resilient to future 
stressors associated with storms and sea level 
rise.

• Improve local ecosystem services and 
maintain integration of physical, economic, 
community, and natural infrastructure. 
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Shoreline Stabilization Water Quality

Flood Management Habitat

Short Term
Recommendation 1 

Stabilize coastal edge with planted vegetation 
and rock to absorb wave energy and buffer upland 
areas from erosion disturbances, leading to an 
increase in marsh ecosystem services value over 
time. 
• Responsible Parties: Leverage existing 

partnership between South Carolina Coastal 
Conservation Leagues and the South Carolina 
DNR, with SCCCL as the lead.

• Funding: DoD’s REPI Challenge, NFWF’s Five 
Star and Urban Waters Restoration Grant 
Program, NFWF’s National Coastal Resilience 
Fund, NOAA’s National Coastal Resilience 
Fund (NCRF), PEW Charitable Trust’s 
Coastal Habitat Grant, Coastal Community 
Foundations’ Beaufort Fund

Recommendation 2
Grade and plant shoreline bank to reduce 

topographic exposure and provide stability 
against erosive wave energy and encourage 
marsh establishment.
• Responsible Parties: Leverage existing 

Sentinel Lands partnership incorporating 
locations proposed by SCCCL, SCDNR, etc.

• Funding: DoD’s REPI Challenge, NFWF’s 
Five Star and Urban Waters Restoration 
Grant Program, NFWF’s National Coastal 
Resilience Fund, NOAA’s National Coastal 
Resilience Fund (NCRF), Coastal Community 
Foundations’ Beaufort Fund, Potential or 
Possible Local Option Sales Tax
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Recommendation 3
Bio-filtration systems should be installed 

along the upper edges of the basin to treat runoff 
before it enters the marsh. This approach will 
reduce scour along the tidal channel, expand 
marsh habitat, and treat stormwater runoff. 
Capacity for pluvial flood storage will be reduced 
during high tides. This should be considered a 
short term strategy since high tides will have 
more impact on the capacity of the basin as sea 
levels rise, and the potential prioritization of 
marsh habitat over pluvial flood storage may 
occur.
• Responsible Parties: SCDOT, Beaufort County 

Department, Department of Public Works 
and Stormwater Management

• Funding: USDA’s Watershed and Flood 
Protection Program, NFWF’s Five Star 
and Urban Waters Restoration Grant 
Program, NFWF’s National Coastal 
Resilience Fund, Turner Foundation’s 
Land and Water Conservation Program, 
Beaufort County’s Local Option Sales Tax 

Recommendation 4
Implement measures to preserve safe ingress/

egress and evacuation routes between the 
military bases and the surrounding communities 
during times of disturbance. Including 
infrastructure sensitivity analysis and surveying 
of the community’s infrastructure capacity and 
elevations, including property ownership and 
utility maintenance responsibilities
• Responsible Parties: SCDOT, Beaufort County 

Department, Department of Public Works 
and Stormwater Management

• Funding: FEMA’s Hazard Mitigation Grant 
Program (HMGP), FEMA’s Flood Mitigation 
Assistance (FMA) Grant Program, U.S. HUD’s 
CDBG-Mitigation Program

Recommendation 5
Stabilization of bridge abutments or slopes 

near the roadway that are exposed to erosion, 
threatening the structural integrity of road 
infrastructure.
• Responsible Parties: SCDOT, Beaufort County 

Department, Department of Public Works 
and Stormwater Management

• Funding: U.S. DOT’s RAISE Discretionary 

Grants, U.S. DOT’s PROTECT Discretionary 
Grants, State of South Carolina’s Guideshare 
Program, Beaufort County Transportation 
Committee’s, State “C” Program, Beaufort 
County’s One Cent Sales Tax Program

Recommendation 6
Establish road and bridge provisions to 

address US military property limitations and 
design standards for more resilient interchange 
to mitigate impacts of climate threats that would 
disrupt access to the base
• Responsible Parties: US DoD, SCDOT, 

Beaufort County Department, Department of 
Public Works and Stormwater Management, 
Northern Beaufort County Regional Plan 
Implementation Committee

• Funding: U.S. DOT’s RAISE Discretionary 
Grants, U.S. DOT’s PROTECT Discretionary 
Grants, State of South Carolina’s Guideshare 
Program, Beaufort County Transportation 
Committee’s, State “C” Program, Beaufort 
County’s One Cent Sales Tax Program

Medium-term
Implement flood mitigation and water quality 

improvements as interchange is further studied 
and funding is acquired for larger changes.

Recommendation 1
It should be a priority to provide pluvial 

flood management and stormwater treatment 
in upland areas prior to the runoff entering the 
marsh. This will reduce erosive forces on the 
marsh and provide treatment before the runoff 
enters the receiving waterbody. Retrofit flow 
control stormwater management infrastructure 
with design measures that delay the traveling 
velocity of water, mitigating the erosive properties 
of runoff on the shoreline including tide gates/
adaptive controls. Install Tide Gate or Control at 
Stormwater Outfall that optimizes stormwater 
management and treatment in the upland basin. 
This will maximize flood mitigation from pluvial 
flooding and provide the most robust treatment.
• Responsible Parties: SCDOT, Beaufort County 

Department of Public Works and Stormwater 
Management

• Funding: FEMA HMGP, FEMA FMA Grant 
Program, HUD CDBG-MIT Program

PRIORITIZED PILOT PROJECTS
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Recommendation 2
Upland stormwater management and 

treatment should include bio-retention or 
stormwater wetlands, which will store and filter 
the runoff before it enters the tidal marsh through 
seepage.
• Responsible Parties: SCCCL,SCDNR,SCDOT, 

Beaufort County Department, Department of 
Public Works and Stormwater Management

• Funding: FEMA’s Hazard Mitigation Grant 
Program (HMGP), FEMA’s Flood Mitigation 
Assistance (FMA) Grant Program, U.S. HUD’s 
CDBG-Mitigation Program. NFWF’s Five Star 
and Urban Waters Restoration Grant Program, 
NFWF’s National Coastal Resilience Fund, 
NOAA’s National Coastal Resilience Fund 
(NCRF), Coastal Community Foundations’ 
Beaufort Fund, Beaufort County’s Local 
Option Sales Tax

Long Term
Raise or remove transportation infrastructure 

and merge the tidal marsh and inland marsh. 

Recommendation 1
 Road Raising and Bridge Retrofit. This 
approach prioritizes removing road or other 
infrastructure out of flood risk while expanding 
marsh habitat. Improves resilience through 
proactive replacement of bridges that are 
structurally unsound with new bridges to prevent 
bridge failures that would disrupt day-to-day and 
emergency travel.
• Responsible Parties: SCDOT, Beaufort County 

Department, Department of Public Works and 
Stormwater Management

• Funding: U.S. DOT’s RAISE Discretionary 
Grants, U.S. DOT’s PROTECT Discretionary 
Grants, State of South Carolina’s Guideshare 
Program, Beaufort County Transportation 
Committee’s, State “C” Program, Beaufort 
County’s One Cent Sales Tax Program

Recommendation 2
Breakwater: Retrofit existing or install 

breakwaters in water bodies, or revetments 
along coast to absorb wave energy upon shoreline 
impact If raising a road above a marsh, suitable 
stormwater management and treatment must 
be installed on the road to reduce the impact as 
runoff is discharged onto the marsh that can 
be integrated into a breakwater footprint. This 
should be considered a longer term strategy since 
it is most expensive and prioritizes marsh habitat 
restoration over stormwater management and 
existing infrastructure.
• Responsible Parties: SCCCL,SCDNR,SCDOT, 

Beaufort County Department, Department of 
Public Works and Stormwater Management

• Funding: FEMA’s Hazard Mitigation Grant 
Program (HMGP), FEMA’s Flood Mitigation 
Assistance (FMA) Grant Program, U.S. HUD’s 
CDBG-Mitigation Program. NFWF’s Five Star 
and Urban Waters Restoration Grant Program, 
NFWF’s National Coastal Resilience Fund, 
NOAA’s National Coastal Resilience Fund 
(NCRF), Coastal Community Foundations’ 
Beaufort Fund, Beaufort County’s Local 
Option Sales Tax
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GOAL: RESILIENCE DATA INTEGRATION 
1 IMPROVE COUNTY WIDE RESILIENCE DATA 

 Identify any additional vulnerable critical infrastructure throughout the AOI 
from the MIRR study. Examine the additional vulnerabilities' resilience 
capacities with projected future climate change conditions, including but not 
limited to low-lying public facilities (e.g. 
roads, sewer lines, public buildings, stormwater infrastructure). 

 
High x 

           
Risk Maps with Critical 
Infrastructure Overlays 
from MIRR Study 

 
 
Beaufort County, Jasper 
County, Port Royal Sound 
Foundation, Spring Island 
Trust, Beaufort Jasper Water 
Sewer Authority, Beaufort 
County Transportation 
Committee, South Carolina 
Dept. of Transportation, 
Beaufort-Port Royal Sea Level 
Rise Task Force 

 

 

 

Port Royal Sound Foundation's Research 
Grant, Coastal Community Foundation's 
Beaufort Fund, Community Foundation for 
the Lowcountry's Impact Grants 

 Refine screening process created in the MIRR study that is aimed at 
prioritizing vulnerabilities to incorporate additional context and amend 
priority weighting scale to 
reflect community considerations. 

 

High x 
           

Screening Process from 
MIRR Study 

 Expand implementation of local tide gauges to monitor and better 
understand the unique tidal conditions of the Port Royal Sound predictive. 
Tide data is currently based on tide gauge data taken from Ft. Pulaski, 
Georgia and is projected for the local area, yielding imprecise data due to 
the changes of tidal ranges between the areas due to the South 
Atlantic Bight. During this study, tide gauges have been installed by Port Royal 
Sound Foundation and City of Beaufort.  The gauges are made by Honohu and 
funded by  SECOORA (Southeast Coastal and Ocean Observing Regional 
Association), which is a member of the US Integrated Ocean Observing System, 
and part of NOAA and can be monitored to further refine models and data. 

 
 

Mediu
m 
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South Atlantic Bight 

2 INTEGRATE RISK DATA INTO EMERGENCY MANAGEMENT 
 Incorporate future climate scenarios into emergency management plans to 

identify and prioritize critical areas of future inaccessibility, including for 
public transportation systems. 

 

 

 
High 

 
 

x 

            

 
Projections for 
Inundation Risk in 
Lowcountry from MIRR 
Study 

 

 

 

Department of Defense, MCRD 
Parris Island, MCAS Beaufort, 
Palmetto Breeze, EMD, 
Beaufort County Planning 
and Zoning, S.C. Sea Grant 
Consortium, College of 
Charleston’s Lowcountry 
Hazards Center, and 
Carolinas Integrated 
Sciences &amp; Assessments 

 

 

 

 
FEMA's Building Resilient Infrastructure and 
Communities (BRIC), FEMA's Hazard 
Mitigation Grant Program (HMGP), 
Beaufort County Transportation 
Committee's State "C" Program, Community 
Foundation for the Lowcountry's Impact 
Grant, HUD's CDBG-Mitigation Program 
(CDBG- MIT). 

 Incorporate predictive modeling into action plans for evacuations of MCRD 
Parris Island and MCAS Beaufort to better inform the community and local 
government on timelines during emergencies and demands on evacuation 
resources. 

 

 

 
High 

 

 
 

x 

           

 

Example: Marine Core 
Base Camp Lejeune 

https://docs.google.com/presentation/d/1Gnv-2R_ma3rCYIBqL1hYjqG8iBX95zk_UjBsiesS3ug/edit?usp=sharing
https://docs.google.com/presentation/d/1Gnv-2R_ma3rCYIBqL1hYjqG8iBX95zk_UjBsiesS3ug/edit?usp=sharing
https://docs.google.com/presentation/d/1Gnv-2R_ma3rCYIBqL1hYjqG8iBX95zk_UjBsiesS3ug/edit?usp=sharing
https://docs.google.com/presentation/d/1Gnv-2R_ma3rCYIBqL1hYjqG8iBX95zk_UjBsiesS3ug/edit?usp=sharing
https://docs.google.com/presentation/d/1GACUgv8S_1biBPY0A5vQYiFnUtMRTvwxG0rjprZ4txU/edit?usp=sharing
https://docs.google.com/presentation/d/1GACUgv8S_1biBPY0A5vQYiFnUtMRTvwxG0rjprZ4txU/edit?usp=sharing
https://docs.google.com/presentation/d/1GACUgv8S_1biBPY0A5vQYiFnUtMRTvwxG0rjprZ4txU/edit?usp=sharing
https://docs.google.com/presentation/d/1xXQfcZea5LPKhWJpWVOlX4DmUH81ZGZ9ixPjv5CJZ_Y/edit?usp=sharing
https://docs.google.com/presentation/d/1xXQfcZea5LPKhWJpWVOlX4DmUH81ZGZ9ixPjv5CJZ_Y/edit?usp=sharing
https://docs.google.com/presentation/d/1xXQfcZea5LPKhWJpWVOlX4DmUH81ZGZ9ixPjv5CJZ_Y/edit?usp=sharing
https://docs.google.com/presentation/d/1xXQfcZea5LPKhWJpWVOlX4DmUH81ZGZ9ixPjv5CJZ_Y/edit?usp=sharing
https://docs.google.com/presentation/d/1xXQfcZea5LPKhWJpWVOlX4DmUH81ZGZ9ixPjv5CJZ_Y/edit?usp=sharing
https://docs.google.com/presentation/d/1yzTu0ATPB50CAWlAnj3ck0G9ICHW8i8eAYyZVDL0TP4/edit?usp=sharing
https://docs.google.com/presentation/d/1yzTu0ATPB50CAWlAnj3ck0G9ICHW8i8eAYyZVDL0TP4/edit?usp=sharing
https://docs.google.com/presentation/d/1yzTu0ATPB50CAWlAnj3ck0G9ICHW8i8eAYyZVDL0TP4/edit?usp=sharing
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GOAL: INCREASED EDUCATION AND AWARENESS 
1 DEVELOP AN INTERACTIVE WEBSITE OF LOWCOUNTRY RESILIENCE REPORTS AND RECOMMENDATIONS 
 Catalog current takeaways from existing studies and reports into an 

organized website including partners and resources. Key takeaways from 
previous studies referenced for 
MIRR study listed in resources. 

 
High x 

           
MIRR Study's 
Takeaways from Key 
Documents 

 

 

 

 

 

 

 
 
Beaufort Jasper Water Sewer 
Authority, City of Beaufort, City 
of Bluffton, Town of Port 
Royal, Beaufort County, 
Gullah Geechee Nation, 
Beaufort-Port Royal Sea Level 
Rise Task Force 

 

 

 

 

 

 

 
 
Office of Local Defense Community 
Cooperation's Defense Community 
Infrastructure Program, FEMA's Hazard 
Mitigation Grant Program (HMGP), HUD's 
CDBG-Mitigation Program (CDBG- MIT), 
Community Foundation for the 
Lowcountry's Impact Grants, Coastal 
Community Foundation's Beaufort Fund 

 Invest and expand upon current GIS web portal to reference the most 
updated and high- resolution data for the Lowcountry. Include interactive 
options to give residents more information about inherent property risk 
using elevational and hazard information with associated risk mapping in 
both existing and future climate scenarios. See example of web mapper for 
Shallow Coastal Flooding Risk for a November 2021 King Tide event from 
the MIRR study in resources. 

 

 
High 

 
x 

 
x 

           
 
MIRR Study's SCF Risk 
Map for 
November 2021 King Tide 

 Establish consistent branding and common messaging across web portal 
and educational outreach materials. Incorporate simple and consistent 
graphics and language to increase clarity and efficiency among 
messaging to stakeholders and 
residents. 

 
Mediu

m 
x x x 

         
Example: City of New 
Orleans's "Ready for 
Rain" Campaign 

 Identify opportunities to leverage technology and digital engagement to 
dynamically interact with the audience by providing visualizations and 
mapping tactics that promote three-dimensional content and animations. 
Through the use of visualizations and contextualization, topographic 
relationships between threats and infrastructure in the Lowcountry can be 
highlighted for stakeholders to better understand risk and make 
informed decisions. 

 

 
Mediu

m 

 
x 

            
 
Animations Depicting 
Threat Coupling 

 Create an alert system that notifies residents when a property or infrastructure 
asset is at risk of being inundation or unusable due to disturbances. Further 
integrate residents in the resilience network by providing a forum where 
residents can monitor rainfall or tides 
elevations and upload pictures of disturbances. 

 
Mediu

m 

 

x x 
         

Example: City of 
New Orleans's 
ISeeChange 
Program 

2 ORGANIZE LOWCOUNTRY TASK FORCE OF CLIMATE RESILIENCE 
 Socialize recommendations and analysis for the MIRR study with list of 

partners and stakeholders identified through the study including the Military 
Bases, Technical, and Policy Committees to identify organizational capacity 
and responsibilities. 

 
High x 

            
Identified 
Stakeholders for MIRR 
study 

 

 

 

 

 

Metropolitan Planning 
Commission, Beaufort 
Regional Chamber, Beaufort-
Port Royal Sea Level Rise Task 
Force 

 

 

 

 

Office of Local Defense Community 
Cooperation's Defense Community 
Infrastructure Program, FEMA's Hazard 
Mitigation Grant Program (HMGP), HUD's 
CDBG-Mitigation Program (CDBG- MIT), 
Community Foundation for the Lowcountry's 
Impact Grants, Coastal Community 
Foundation's Beaufort Fund 

 Establish list of Community Leaders, Champions, Residents, Local 
Community-Based Organizations & Institutions, Local Business 
Representatives, Political Decision Makers, Government Staff, Utility and 
Natural Resource Representatives willing to regularly meet 
on Resilience Issues. Update list as additional community leaders are 
identified. 

 
High x x x 

          
Identified 
Stakeholders for MIRR 
study 

 Formalize an integrated, cross-specialization resilient committee into the 
Lowcountry Regional planning structure and establish goals and initiatives 
for organization to support 
and achieve based on the vulnerability assessment established in the MIRR 
study. 

 
Mediu

m 

 

x x 
         Identified Lowcountry 

Vulnerabilities from 
MIRR 
Study 

 Incorporate structure for task force to regularly maintain update community 
resources and materials to changing studies, policies, data portals, and 
modeling. Structure to include regular public engagement with 
comprehensive lists of press contacts, workshops to teach mapping assets 
and vulnerabilities, and social media outreach initiatives to 
provides climate education for local residents. 

 
 

Low 

 

 
x 

 
x 

         
 
Example: City of 
Houston's Resilience 
Strategy Goals 

https://docs.google.com/document/d/1W2R3AgP65cnIRSFBuzNCERDV9Q_kSZhaiwHYW0J89kE/edit?usp=sharing
https://docs.google.com/document/d/1W2R3AgP65cnIRSFBuzNCERDV9Q_kSZhaiwHYW0J89kE/edit?usp=sharing
https://docs.google.com/document/d/1W2R3AgP65cnIRSFBuzNCERDV9Q_kSZhaiwHYW0J89kE/edit?usp=sharing
https://docs.google.com/document/d/1W2R3AgP65cnIRSFBuzNCERDV9Q_kSZhaiwHYW0J89kE/edit?usp=sharing
https://www.google.com/maps/d/u/0/edit?mid=1bU_2o0c1UnYxBTBf07Zq3vUHEyFYB-XJ&usp=sharing
https://www.google.com/maps/d/u/0/edit?mid=1bU_2o0c1UnYxBTBf07Zq3vUHEyFYB-XJ&usp=sharing
https://www.google.com/maps/d/u/0/edit?mid=1bU_2o0c1UnYxBTBf07Zq3vUHEyFYB-XJ&usp=sharing
https://docs.google.com/presentation/d/1i9eEnSHJM3FddUfYQ3hitbplwX4rREpNMs9ytL7dxhw/edit?usp=sharing
https://docs.google.com/presentation/d/1i9eEnSHJM3FddUfYQ3hitbplwX4rREpNMs9ytL7dxhw/edit?usp=sharing
https://docs.google.com/presentation/d/1i9eEnSHJM3FddUfYQ3hitbplwX4rREpNMs9ytL7dxhw/edit?usp=sharing
https://www.iseechange.org/neworleans
https://www.iseechange.org/neworleans
https://www.iseechange.org/neworleans
https://www.iseechange.org/neworleans
https://www.iseechange.org/neworleans
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1end3cDkLh7lknTfft1cZulKyGGwtOBHHn7cDPMfCkK8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1KD_XSejj8z9vyVl3zoCCAhqwIGu82ghi4yr-g22FoJI/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1KD_XSejj8z9vyVl3zoCCAhqwIGu82ghi4yr-g22FoJI/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1KD_XSejj8z9vyVl3zoCCAhqwIGu82ghi4yr-g22FoJI/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1KD_XSejj8z9vyVl3zoCCAhqwIGu82ghi4yr-g22FoJI/edit?usp=sharing
https://resilientcitiesnetwork.org/downloadable_resources/Network/Houston-Resilience-Strategy-English.pdf
https://resilientcitiesnetwork.org/downloadable_resources/Network/Houston-Resilience-Strategy-English.pdf
https://resilientcitiesnetwork.org/downloadable_resources/Network/Houston-Resilience-Strategy-English.pdf
https://resilientcitiesnetwork.org/downloadable_resources/Network/Houston-Resilience-Strategy-English.pdf
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GOAL: IMPROVED MILITARY COLLABORATION 
1 IMPROVE MILITARY COMMUNICATIONS WITH PUBLIC 

 Install Community Public Liaisons Officer (CPLO) at MCRD Parris Island to 
facilitate better conversations between stakeholders on issues, how the 
Installations can best support each other, and projects that the two Bases 
could collaborate on. CPLO could offer a pathway for the dissemination of 
information that MCRD Parris Island representatives are aware of and currently 
eager to share knowledge and resources on their actions to combat threats to 
operations, without military policies limiting the process. 

 

 

 
 

High 

 
 

x 

             

 

 
Department of Defense, MCRD 
Parris Island, MCAS Beaufort, 
Beaufort Chamber Military 
Enhancement Committee 

 

 

 

 
Department of Defense 

 Formalize military presence in Lowcountry Task force of Climate Resilience with 
regular 
updates on non-classified base resilience measures and projects. 

High x             

2 CONTINUE BASE RESILIENCE PROJECTS 
 Refine pilot project at US 21 Shellpoint interchange and apply for existing and 

future 
funding mechanisms 

High x 
           US 21 Shellpoint 

Interchange 
Pilot Project 

 

 

 

 
Department of Defense, MCRD 
Parris Island, MCAS Beaufort, 
Beaufort Chamber Military 
Enhancement Committee, 
Open Land Trust, Sentinel 
Landscapes, REPI 

 

 

 

Office of Local Defense Community 
Cooperation's Defense Community 
Infrastructure Program, DoD Readiness and 
Environmental Protection Integration (REPI) 
Program's Sentinel Landscapes Partnership 
Program, DoD Readiness and Environmental 
Protection Integration (REPI) Program's REPI 
Challenge 

 Continue collaboration with local partners and philanthropic partners for living 
shoreline and marsh improvements plan by identifying feasible project 
locations, construction 
logistics, and funding opportunities. 

 

High x 
           

Example: MCAS Cherry 
Point Shoreline 
Restoration 

 Replace on-site utility fixtures in all military-related facilities and residences to 
improve 
efficiency, reducing potable water and sewage demands on utility infrastructure. 

Medium x 
            

 Implement non-potable systems to treat and capture stormwater or wastewater 
from central location and store in non potable tanks/tender trailers to use or 
share in times of 
utility failure. 

 

Medium 
 

x x 
          

 Establish guidelines for all personnel living on military-sponsored property to 
be made aware of all natural vulnerabilities the property has to promote 
educated risk. Publish guidance with guidelines, tips, and resources for how 
military personnel living off-base 
can elevate and protect their residences while still aligning with Lowcountry 
culture. 

 
Medium 

 

x 
          Example: City of New 

York’s “Build It Back” 
Program in Response to 
Hurricane 
Sandy 

3 PROMOTE REGIONAL RESILIENCE STUDIES AND PROJECTS 
 Use military community influence and base personnel housing requirements 

to push community-based resilience policy and projects. Leverage MCAS 
Beaufort and MCRD Parris Island relationships with community to increase 
residential risk education, garner 
trust and push resilience agendas. 

 
Medium x 

             

 

 

Department of Defense, MCRD 
Parris Island, MCAS Beaufort 

 
Office of Local Defense Community 
Cooperation's Defense Community 
Infrastructure Program, DoD Readiness and 
Environmental Protection Integration (REPI) 
Program's Sentinel Landscapes Partnership 
Program, DoD Readiness and Environmental 
Protection Integration (REPI) Program's REPI 
Challenge 

 Vocally support community wide study of resilient development and resilience 
threats especially with water and sewer systems. including opportunities for 
regional and district scale water systems for non-potable users including 
agriculture and industry as well as sewer and septic system improvements in 
low-income communities that are at risk of 
impacting future water systems 

 
 

Medium 

 
x 

 
x 

 
x 

          

Example: Louisiana’s 
Wastewater Reuse Project 

https://docs.google.com/presentation/d/1qXfZs2FmuBjB4C199xN7T4vmtIT_sHFOmAkvLIV7IP8/edit?usp=sharing
https://docs.google.com/presentation/d/1qXfZs2FmuBjB4C199xN7T4vmtIT_sHFOmAkvLIV7IP8/edit?usp=sharing
https://docs.google.com/presentation/d/1qXfZs2FmuBjB4C199xN7T4vmtIT_sHFOmAkvLIV7IP8/edit?usp=sharing
https://docs.google.com/presentation/d/1FtX5ARarrzhkg0UXDZU3GS-2X6_1Vmh0LZga7Snp3MQ/edit?usp=sharing
https://docs.google.com/presentation/d/1FtX5ARarrzhkg0UXDZU3GS-2X6_1Vmh0LZga7Snp3MQ/edit?usp=sharing
https://docs.google.com/presentation/d/1FtX5ARarrzhkg0UXDZU3GS-2X6_1Vmh0LZga7Snp3MQ/edit?usp=sharing
https://docs.google.com/presentation/d/1FtX5ARarrzhkg0UXDZU3GS-2X6_1Vmh0LZga7Snp3MQ/edit?usp=sharing
https://www.ecos.org/wp-content/uploads/2016/06/Louisiana-layout.pdf
https://www.ecos.org/wp-content/uploads/2016/06/Louisiana-layout.pdf
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GOAL: RESILIENT DEVELOPMENT 
1 IMPROVE LAND MANAGEMENT AND RISK MITIGATION BY APPLYING RISK DATA TO DEVELOPMENT POLICY 
 Prioritize further build out of land acquisition policies aimed at reducing 

vulnerability to repetitive damage of infrastructure and protecting 
ecosystem services of natural 
infrastructure 

High 
x x x 

           

 

 

 

 

 

Northern Beaufort County 
Regional Plan 
Implementation Committee, 
Metropolitan Planning 
Commissions, Beaufort 
County, SC Sea Grant 

 

 

 

 

 
FEMA BRIC Program Resource, DoD Office of 
Local Defense Community Cooperation 
(OLDCC)’s Defense Community 
Infrastructure Program, U.S. HUD’s CDBG-
Mitigation Program, USDA's Watershed and 
Flood Protection Program, FEMA's Hazard 
Mitigation Grant Program (HMGP), Coastal 
Community Foundation’s Beaufort Fund, Port 
Royal Sound Foundation’s Research Grants 
Program 

 Further refine rural, suburban, and urban development land uses that was 
outlined in MIRR study to align with political and zoning boundaries and 
create Resilience Boundaries with identified boundaries where resilience 
interventions can be more clearly identified and 
implemented. 

 
High x 

            
Development Land 
Uses from MIRR 
Study 

 Further subdivide Resilience districts into sub-districts to areas of unique 
vulnerabilities or community significance to prioritize management actions 
to minimize disturbance and prioritize management. Identify elevational and 
threat characteristics within subdivided 

 
High 

 

x 
           

 Evaluate current zoning ordinance regulations to prevent incompatible 
mixing between development land uses and both physical and natural 
infrastructure. Further incorporate Greenprint and Comprehensive Plan data 
to zoning regulations to integrate disturbance management opportunities 
that incorporate elevational hazards and toolkits to improve 
resilience. 

 
 

Mediu
m 

 

 
x 

 
x 

          
Integration of 
Beaufort County 
Greenprint and 
Comprehensive 
Plans 

 Include intelligent development strategies that guide urban planning and 
development to protect functions of natural infrastructure and mitigate 
negative impacts of future development. Develop a pilot Master Plan for a 
planned development highlighting the 
opportunities and benefits of doing so. 

 
Mediu

m 

 

x x 
          

2 INCENTIVIZE AND IMPLEMENT TOOLS FOR COMMUNITY-LED RESILIENT DEVELOPMENT 
 Improve community access to risk data and analysis either in the form of 

disclosure during real estate transactions that alert potential buyers or 
through an unbiased data portal with recourses and online mapping. 

 

 
High 

 
x 

           Example: State of 
Maine's Model 
Floodplain 
Management 
Ordinance, Article IX 
Review of Subdivision 
Development 
Proposals 

 

 

 

 

 

 

 

 

Northern Beaufort County 
Regional Plan 
Implementation Committee, 
Beaufort Regional Chamber, 
Beaufort County, Jasper 
County, Beaufort 
Conservation District, 
Metropolitan Planning 
Commission, SC Sea Grant 

 

 

 

 

 

 

FEMA's Building Resilient Infrastructure and 
Communities (BRIC) Program, FEMA's 
Hazard Mitigation Grant Program (HMGP), 
FEMA's Flood Mitigation Assistance (FMA) 
Grant Program, U.S. HUD’s CDBG-Mitigation 
Program, USDA's Watershed and Flood 
Protection Program, DoD Office of Local 
Defense Community Cooperation 
(OLDCC)’s Defense Community 
Infrastructure Program, Coastal Community 
Foundation’s Beaufort Fund, Port Royal 
Sound Foundation’s Research Grants 
Program, 

 Delineate the supplemental high-hazard flood zone beyond the FEMA flood 
zone to include provisions for these high-risk areas that may not have been 
previously called out. Display supplemental high-hazard zone on maps and 
disperse information to those 
affected. 

 
High x x 

           
Example: Horry County 
Flood Resilience Master 
Plan 

 Implement Permit incentivization, Coastal Resilience Overlays and Resilient 
Development Point Systems to promote and incentivize developments that 
optimize stormwater management, while also providing increased open 
space utilizing non-structural policies 
that mitigate risk, promote natural systems, and leverage strategic 
development policies. 

 
Mediu

m 
x x 

          
Example: City of 
Norfolk, Virginia's 
Flood Zoning 
Ordinance 

 Consider the establishment and recruitment of a Design Review Board that 
evaluates the design of developments to ensure intelligent measures have 
been undertaken. 
Membership of the Design Review Board would include residents as well as 
professional volunteers. 

 
Mediu

m 

 

x x 
          

 Publish guidance with guidelines, tips, and resources for how residents can 
elevate their homes to proactively mitigate inundation impacts. Include 
language that educates residents on the allowable development measures 
are for jurisdictional zoning 
regulations. 

 
Mediu

m 

 

x x 
         Example: City of New 

York’s “Build It Back” 
Program in Response to 
Hurricane 
Sandy 

 Expand jurisdictional tree preservation/protection ordinances to increase 
standards and the applicability of green infrastructure requirements to 
encourage implementation of 
infrastructure that slows down stormwater runoff and emphasizes infiltration. 

 
Low x 

           Georgetown Climate 
Center’ s Green 
Infrastructure 
Regulatory Toolkit 

https://docs.google.com/presentation/d/1N08K_eNxt9oFipH3-SvGwuFMk0e5V1cBOFeDpq4nYGE/edit?usp=sharing
https://docs.google.com/presentation/d/1N08K_eNxt9oFipH3-SvGwuFMk0e5V1cBOFeDpq4nYGE/edit?usp=sharing
https://docs.google.com/presentation/d/1N08K_eNxt9oFipH3-SvGwuFMk0e5V1cBOFeDpq4nYGE/edit?usp=sharing
https://docs.google.com/presentation/d/1N08K_eNxt9oFipH3-SvGwuFMk0e5V1cBOFeDpq4nYGE/edit?usp=sharing
https://docs.google.com/presentation/d/1_UGYKWzhnJdwdw2VLmQbK15KMF8UJBgMQzhsBSO1ipQ/edit?usp=sharing
https://docs.google.com/presentation/d/1_UGYKWzhnJdwdw2VLmQbK15KMF8UJBgMQzhsBSO1ipQ/edit?usp=sharing
https://docs.google.com/presentation/d/1_UGYKWzhnJdwdw2VLmQbK15KMF8UJBgMQzhsBSO1ipQ/edit?usp=sharing
https://docs.google.com/presentation/d/1_UGYKWzhnJdwdw2VLmQbK15KMF8UJBgMQzhsBSO1ipQ/edit?usp=sharing
https://docs.google.com/presentation/d/1_UGYKWzhnJdwdw2VLmQbK15KMF8UJBgMQzhsBSO1ipQ/edit?usp=sharing
https://docs.google.com/presentation/d/1_UGYKWzhnJdwdw2VLmQbK15KMF8UJBgMQzhsBSO1ipQ/edit?usp=sharing
https://www.horrycounty.org/portals/0/docs/ResiliencyProject/10.01.21FloodResilienceMasterPlanDRAFT.pdf
https://www.horrycounty.org/portals/0/docs/ResiliencyProject/10.01.21FloodResilienceMasterPlanDRAFT.pdf
https://www.horrycounty.org/portals/0/docs/ResiliencyProject/10.01.21FloodResilienceMasterPlanDRAFT.pdf
https://www.horrycounty.org/portals/0/docs/ResiliencyProject/10.01.21FloodResilienceMasterPlanDRAFT.pdf
https://www.adaptationclearinghouse.org/resources/building-a-better-norfolk-a-zoning-ordinance-of-the-21st-century-norfolk-virginia.html
https://www.adaptationclearinghouse.org/resources/building-a-better-norfolk-a-zoning-ordinance-of-the-21st-century-norfolk-virginia.html
https://www.adaptationclearinghouse.org/resources/building-a-better-norfolk-a-zoning-ordinance-of-the-21st-century-norfolk-virginia.html
https://www.adaptationclearinghouse.org/resources/building-a-better-norfolk-a-zoning-ordinance-of-the-21st-century-norfolk-virginia.html
https://www.adaptationclearinghouse.org/resources/building-a-better-norfolk-a-zoning-ordinance-of-the-21st-century-norfolk-virginia.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
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GOAL: CONSERVE AND IMPROVE NATURAL INFRASTUCTURE 
1 RESTORE AND MAINTAIN INTEGRITY OF FLOODPLAINS AND STREAMS 

 Embolden flood ordinance to further decentivize development in floodplains 
and educate property owners on how to take proper legal steps toward 
flood mitigation and tree removal. 

 

Mediu
m 

 
x 

             

 

 
 
Beaufort County, Spring Island 
Trust, Beaufort County Public 
Works Dept., Open Land Trust, 
South Carolina Dept. of 
Natural Resources, Coastal 
Conservation League, SC 
Forestry Commission 

 

 

 

NFWF's Five Star and Urban Waters 
Restoration Grant Program, NFWF's National 
Coastal Resilience Fund, NOAA's National 
Coastal Resilience Fund (NCRF), USDA's 
Environmental Quality Incentive Program 
(EQIP), USDA's Watershed and Flood 
Protection Program, Gaylord and Dorothy 
Donnelly Foundation's Land Conservation 
Grants, 

 Expand upon current County Development Code's riparian and wetland 
buffers to proactively mitigate repetitive damage and restrict 
development where erosion is projected to exacerbate or marsh is 
projected to migrate. 

 

Mediu
m 

 
x 

            
Critical Line Buffer 
Ordinances: 
Guidance for Coastal 
Communities. 

 Evaluate the flood risk of open spaces and public properties that are 
underutilized to evaluate opportunities for flood mitigation projects and the 
conservation of floodable space through easements or acquisition. 

 

Low 

 
 

x 

           

2 MAINTAIN TREE CANOPY AND INCORPORATE GREEN INFRASTRUCTURE WHERE POSSIBLE 
 Work in tandem with owners of large tracts to ensure that proposals for 

future development incorporate thoughtful green infrastructure designs. 
Discuss challenging site conditions (i.e. challenging topography, 
overgrowth, brownfields) with partners to 
determine if green infrastructure installations are appropriate for those sites. 

 
High x 

           
Georgetown Climate 
Center’ s Green 
Infrastructure 
Regulatory Toolkit 

 
Beaufort County, Spring Island 
Trust, Beaufort County Public 
Works Dept., Beaufort 
Conservation District, Coastal 
Community Foundation 

 
FEMA's Hazard Mitigation Grant Program 
(HMGP), NFWF's National Coastal Resilience 
Fund, USDA's Watershed and Flood 
Protection Program, NOAA's National 
Coastal Resilience Fund (NCRF) 

 Provide public access to green infrastructure amenities, as appropriate. 
Explore opportunities for increased food access through community-
supported agriculture, 
farmers’ markets, or other retail opportunities. 

 

High x 
           

Example: Hammond 
Cove's Street End Plan 

3 PRESERVE COASTAL TEXTURE AND PRIORITIZE NATURAL INFRASTRUCTURE TO BETTER PROTECT SHORELINE ECOSYSTEM SERVICES 
  

 

 

Continue fostering partnerships with local and regional organizations to 
implement Living Shorelines around the Lowcountry. 

 

 

 

 
High 

 

 
x 

             

 

 

 
 
Department of Defense, MCRD 
Parris Island, MCAS Beaufort, 
PEW Charitable Trust, Coastal 
Conservation League, South 
Carolina Dept. of Natural 
Resources, Port Royal Sound 
Foundation, The Nature 
Conservancy, S.C. Sea Grant 
Consortium, Beaufort-Port 
Royal Sea Level Rise Task 
Force 

 

 

 

 

 
 
DoD Readiness and Environmental 
Protection Integration (REPI) Program's REPI 
Challenge, USDA's Watershed and Flood 
Protection Program, Beaufort County's Local 
Option Sales Tax, Coastal Community 
Foundation's Beaufort Fund, Turner 
Foundation's Land and Water Conservation 
Grants, PEW Charitable Trust's Coastal 
Habitat Grant 

  

 

 
Expand land and infrastructure analysis of opportunities for living shoreline 
and land use conflicts that can be integrated into nature based resilience 
projects for shared community infrastructure 

 

 

 
 

High 

 

 
x 

            

 

 
Maps of Erosion Hot 
Spots and Marsh Loss 
from MIRR Study 

https://scdhec.gov/sites/default/files/docs/HomeAndEnvironment/Docs/CLBO_Manual.pdf
https://scdhec.gov/sites/default/files/docs/HomeAndEnvironment/Docs/CLBO_Manual.pdf
https://scdhec.gov/sites/default/files/docs/HomeAndEnvironment/Docs/CLBO_Manual.pdf
https://scdhec.gov/sites/default/files/docs/HomeAndEnvironment/Docs/CLBO_Manual.pdf
https://scdhec.gov/sites/default/files/docs/HomeAndEnvironment/Docs/CLBO_Manual.pdf
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/regulatory-tools.html
https://docs.google.com/presentation/d/1g6Y-6Gqx9kFVoZQmf1erGlvHcpFYzP4OUBnwAwPZpp4/edit?usp=sharing
https://docs.google.com/presentation/d/1g6Y-6Gqx9kFVoZQmf1erGlvHcpFYzP4OUBnwAwPZpp4/edit?usp=sharing
https://docs.google.com/presentation/d/1g6Y-6Gqx9kFVoZQmf1erGlvHcpFYzP4OUBnwAwPZpp4/edit?usp=sharing
https://docs.google.com/presentation/d/133VqAmom9ebHGeGLmVUADGFe8hXmzeJbbp5wAaJlMhE/edit?usp=sharing
https://docs.google.com/presentation/d/133VqAmom9ebHGeGLmVUADGFe8hXmzeJbbp5wAaJlMhE/edit?usp=sharing
https://docs.google.com/presentation/d/133VqAmom9ebHGeGLmVUADGFe8hXmzeJbbp5wAaJlMhE/edit?usp=sharing
https://docs.google.com/presentation/d/133VqAmom9ebHGeGLmVUADGFe8hXmzeJbbp5wAaJlMhE/edit?usp=sharing
https://docs.google.com/presentation/d/133VqAmom9ebHGeGLmVUADGFe8hXmzeJbbp5wAaJlMhE/edit?usp=sharing
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OVERVIEW
1
The study is an expansion upon the existing plans that 
have already been created by the community, including 
Beaufort County Greenprint Plan, Beaufort County 
Comprehensive Plan, Lowcountry Hazard Mitigation Plan, 
Beaufort Joint Land Use Study: SLR and Infrastructure, the 
Flood Vulnerability Assessment for Beaufort County, Sea 
Level Rise Adaptation Report for Beaufort County, MCAS 
Beaufort JLUS, MCRD Parris Island JLUS, and OLDCC’s 
“Advancing Resilience for Defense Communities - A 
Planning Framework”

2
https://www.scseagrant.org/wp-content/uploads/Beaufort-
Co-SLR-Adaptation-Report-Digital.pdf

3
https://cms1files.revize.com/lowcountrysc/2020%20
Lowcountry%20Natural%20Hazard%20Mitigation%20
Plan%20(Approval%20and%20Resolutions).pdf

4
LCOG’s “The People and the Economy: Lowcountry 2020” 

5
Ibid.

6
Ibid.

7
Ibid.

8
Ibid.

9
Ibid.

10 
https://scdva.sc.gov/sites/default/files/Documents/2017_
SCMBTF_Economic_Impact_Study_R1.pdf

11
Catastrophes that affected Beaufort include: Spanish 
Invasion and Acquisition of Beaufort (1747); Occupation 
of Port Royal Island by British (1779); Battle of Port Royal 
and subsequent occupation by the Union army during the 
Civil War (1861); The Great Sea Island Storm (1893) that 
was the nation’s worst-ever natural disaster at the time of 
occurrence; The Great Fire of Beaufort (1907) that destroyed 
over 40 homes and businesses.

12
The following background reports were referenced to 
identify constraints, reference technical analyses, and 
determine community commonalities: LCOG’s “The People 
and the Economy”, Beaufort County’s Flood Ordinance, 
Beaufort County Corners Community Preservation District, 
Southern Lowcountry Stormwater Ordinance and Design 
Manual, and Shell Point Drainage Study Report. 

13
This process is referred to as “geomorphology”

14
2020 Lowcountry Natural Hazard Mitigation Plan

15
Ibid.

16
Ibid.

INFRASTRUCTURE TYPOLOGIES
17
Beaufort County Development Code, Section 5.11.70

18
Ibid., Section 1.6.60

19
Ibid., Section 5.10.10

20
Ibid., Section 26.1

REFERENCES
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THREATS AND VULNERABILITIES
21
Detailed information about the changing of regional 
hazards and their interaction with threats can be found in 
Appendix B. 

22
https://scdhec.gov/sites/default/files/docs/
HomeAndEnvironment/Docs/Jackson_
SCShorelineReport122017.pdf

23
Link to modeled predictions and impacts for November 
2021 shallow coastal flooding inundation, using models 
for projection and stakeholder images for confirmation.

24
More details on the vulnerability analysis, including the 
strategies and results for the modeling of each threat can 
be referenced in Appendix B.

25
See Section on Environmental Threats: Climate Change for 
further discussion of historic coastal erosion patterns

26
Cooke, Wythe. “Geology of the Coastal Plain of South 
Carolina.” United States Geological Survey, 1936. 

PRIORITIZED PILOT PROJECTS
27
https://scdhec.gov/sites/default/files/media/document/
Final_Lowcountry%20GWMP_09132017.pdf

28
https://gullahgeecheecorridor.org/thegullahgeechee/

29
Nicholson, Zoe. “Sea-Level Rise Threatens Gullah Geechee 
Land, Way of Life. They Have a Plan to Save It.”,  Savannah 
Morning News, 22 Dec. 2021,

30
De Land Da We: Gullah/Geechee Sustainability. 28 Jan. 2012

31
Precedent: EPA’s Technical Guidance for St. Helena Island 
through Building Blocks for Sustainable Communities
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 Appendix A Stakeholder Engagements
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Community buy-in 
and 

Cross-collaboration 
for different 
perspectives 

Recommendations 
that marry and 

build off the 
Greenprint Plan 
and Comp. Plan

Continued 
conversations and 

collaboration 
between stakeholders 

in attendance 

Zoning based on 
elevation

A plan with 
accountability 
and structure

Tangible 
recommendations 

with priority 
projects and 

funding 
opportunities 

Compare Roads 
and Growth to 
Elevations/SLR

How can the 
community better 
support MCRD 
Parris Island? 

Solutions for 
repetitive loss and 

heirs property

Nonstructural 
measures that 
bring $ to do 

structural 
changes.

Solutions for 
septic/wells and 
regional water 

risks

Visible markers to 
future resilience 

issues.

What Do You Want to Get Out of This Study?
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https://docs.google.com/file/d/1XyukHuwVnyL0-sKNrKbVGhkCRX3aHg1S/preview


Cultural continuation should be unequivocally 
prioritized throughout any recommendations and 
conversations.05

● Indigenous residents have an in-depth perspective of local resilience 
and should be continually engaged for perspective

● Community development should be bottom-top not top-bottom

The environment is a key economic driver, and 
therefore should be a key priority in future 
development.04

● Not anti-development, but intelligent development
● Developers could be enticed to develop intelligently through tactical zoning and 

policy changes

Residents should be provided further education on 
the science of local climate change so they can 
recognize impacts and feel invested in the betterment 
of the Lowcountry.

03
● Visualization of impacts can help understanding 
● By understanding the smaller, contributing issues, community can advocate for 

individual decisions that aren’t glamorous, but add up to larger impacts 

Military presence is critical and the community is 
invested in supporting the relationship between the 
Lowcountry and the Military02

● MCAS Beaufort and MCRD Parris Island can play bigger roles in education to garner 
trust and push agendas

● More communication between MCRD Parris Island and community is essential 

Regional organizations are taking initiative 
throughout the area, but could unlock further action 
through more consistent collaboration01 ● Independent comp. plans should be married

● Cross-team collaboration should be transparent and occur frequently

Site Visit Takeaways
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Data and knowledge gaps for Existing Conditions 
should be identified and closed to further understand 
the scale of issues. 05

● Bathymetry of Port Royal Sound should be mapped
● The location and conditions of wells and septic systems
● DoD and USACE modeling to be leveraged

Recommendations must incorporate both structural 
and non-structural measures. 04 ● Non-structural measures to include planning initiatives, zoning policy changes, 

and development standards.

Any statistical findings from the vulnerability analysis 
needs to be communicated in simpler terms and 
result in tangible recommendations that can be acted 
upon.

03
● As a whole, the Lowcountry community identifies with the principles of 

environmental stewardship, but needs direction on the individual unglamorous 
decisions that feed into the larger principle of resiliency .

Public outreach is critical for community buy-in and 
establishing credibility.02 ● All recommendations should build off the plans and initiatives that have already been 

created by Lowcountry residents and organizations.

 The focus of the study should be community-driven 
and highlight the  communities surrounding the Bases 
where military personnel reside01 ● Bases are very dependent on the local infrastructure and the local community, 

specifically dependent for access and stress
● Proposals should reflect the needs of the Base but do not need to be on the Base

Meeting Takeaways

MIRR
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APPENDIX
APPENDIX B: ANALYSIS

Interaction of Threats and Regional Hazards

 Regional hazards are also changing, 
affecting the resulting threats and vulnerabilities 
in the area. 

• Changing ocean and tidal dynamics due 
to the Gulf Stream slowing and increased 
glacial melt

 •  The Port Royal Sound is especially 
vulnerable to glacial melt, and the resultant 
sea level rise, as the Port Royal Sound already 
has the highest tides in the Southeast and is 
subjected to abnormally high tides that often 
result in shallow coastal flooding. 

• Overpumping of the Floridan Aquifer is 
being utilized at unsustainable rates by the 
Southeast United States

 •  As the Floridan Aquifer is at its highest 
elevations under the AOI, the local portion 
of the aquifer is especially vulnerable to 
saltwater intrusion as sea levels rise and the 
aquifer becomes increasingly unconfined 
due to more pumping extractions across the 
aquifer. 

 •  With 70% of Beaufort County’s 
groundwater withdrawals coming from 
the Floridan aquifer, this could result in 
groundwater salinization, threatening the 
potable water supply. 

Sea Level 
• Climate science suggests that in the near 

future (decades) ocean levels and rainfall will 
trend upward; but then as the mid century 
time frame (2050) approaches the acceleration 
of changes will become pronounced. In the 
decadal timeframe extreme climate and 
weather events will, like at present, be the 
most impactful. They are inherently low 
frequency but high impact events and, while 
the statistics may change, they will continue 
to be. It is more troublesome when the 
common events become higher impact. For 
example, we can predict with great accuracy 
when and to a large degree at what level a 
spring tide or King Tide (common events) is 

going to occur; if these common, predictable 
events become high impact the present 
paradigm will have changed for everyone 
living or using these areas. 

 •  Ft Pulaski is the closest permanent 
tide gauge to Beaufort County. Although 
the water levels there are slightly different 
than in Beaufort it has a long-term record. 
The data from the gauge were analyzed at a 
monthly level (monthly averages, monthly 
highs, monthly lows) back to 1992 for sea level 
trends (Figure 4) and back to 1970 to look at 
high water levels; before 1970 many of the 
monthly summaries were incomplete, and 
the data could not be averaged over a year. In 
addition to the tide gauge data from Ft Pulaski 
there are US Army Corps of Engineers SLR 
guidance based on Ft Pulaski that includes 
curves from NOAA, USACE, and others. 

Rain Events
• Stormwater run-off is another growing 

disruption in the Lowc-Country. This is 
a combination problem that is a result 
of decreased infiltration and floodplain 
modifications from development and 
changes in the climate. This highlights 
the fact that it is, at least partially, a locally 
solvable problem; changes to management 
and infrastructure can have immediate and 
long-lasting impacts. 

 •  The climate influence on stormwater is 
not as clear on the local level. Projections 
of local weather changes carry more 
uncertainty than global trends. The EPA has 
two scenarios, a ‘Stormy future’ and a ‘Not 
as Stormy future’ (Figure 5); each predicts an 
increase change in storm intensity, but the 
values are significantly different in the long-
term. During the time horizon of this study 
(ca 2040), the increase in 100-year storm 
intensity is expected to be 3 to 15%, (Figure 
5 and 6) which should carry across the other 
storm return-periods (e.g., 10, 20, and 50-year 
storms). 
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Threat Analysis Strategies

Vulnerability Analysis

To model the threats affecting the community, 
each modeled outcome goal was tailored to show 
the accurate risk associated with the threat based 
on the vulnerability that the threat yields to the 
community. Goals for each prioritized threat 
include: 
• Coastal Erosion Hotspots: To identify what 

areas have eroded the most in the last 
100-years and where erosion rates will 
continue to increase, threatening critical 
physical and natural infrastructure.

• Water and Sewer Threats: To understand 
where septic failure is likely to occur 
and threaten physical and community 
infrastructure as well as identify clusters of 
groundwater demands.

• Pluvial Flooding: To identify what inland 
areas are prone to flooding during and after 
rain events as a result of poor drainage.

• Storm Surge: To identify how flooding from 
the ocean will impact coastal areas of the AOI 
during hurricane events.

• Shallow Coastal Flooding: To highlight how/ 
where flooding caused by high tides and king 
tides will affect the coastal areas of the AOI 
as sea level changes. 

Vulnerability Analysis by Land Use
Analysis Takeaways
Context
• A common narrative in most stakeholder 

conversations and the study’s analysis is there 
are many regional organizations already 
taking on impactful initiatives and through 
further collaboration this study should find 
ways of stitching previous work, critical 
community and military infrastructure , and 
Lowcountry economy, ecology

• The resilience goals are meant to support the 
relationship between the community and 
military while providing opportunities for 

education and digestible information relating 
to the changing natural environment; a core 
part of the Lowcountry identity providing an 
opportunity for cultural continuation built 
off of hundreds of years of history along the 
shoreline of the region. An area where people 
have had to adapt and where compounding 
social issues thread through statistical 
findings and vulnerabilities

Resilience and Capacity Building

• The screening process identified the 
geospatial extents of economic, social, 
environmental and physical patterns in 
the landscape - and their vulnerability to a 
variety of geophysical hazards (hurricane, 
tides, rain and sea level rise) and the resulting 
threats (pluvial flooding, storm surge etc.) 
revealed similar patterns and extents of 
inundation Recommendations are not just 
meant to be physical implementation but they 
also intend on providing capacity building 
components of education, coalition building, 
and community understanding of context, 
infrastructure, hazards, threat modeling, 
screening, and prioritization. Focusing on 
what is likely to occur by 2025 or to occur by 
2040.

• By understanding the spatial extent of 
these likelihoods the team was able to 
engage a conversation around some of the 
consequences of these vulnerabilities to life 
in the Lowcountry; including how it relates 
to the critical infrastructure the military and 
the community depend on.

 •  Three threats that were identified 
have very similar extents, elevations, and 
recommended actions:

   • Looking at Lowcountry elevations 
and geography it was noticed that Pamlico 
shorelines get steep very quickly; containing 
a set of elevations that encapsulate the spatial 
extents of most coastal flooding threats.

   • Shallow coastal flooding 
modeling reflected the probability and extent 
that an area may experience tidally driven 
flooding in a given month; highlighting 
impacts to the day to day transportation and 



critical infrastructure.
   • Storm surge modeling used 

historic tide gauges and the frequency 
of hurricanes and tropical depressions 
while also projecting how high flood water 
elevations could reach with an increased sea 
level elevation; highlighting the impacts of 
emergency transportation and infrastructure

   • Using hurricane Matthew as a 
comparative inundation level provided an 
understanding impacts the Lowcountry in 
the past and elevations that were exposed; 
highlighting to residents a framework where 
these risks have occurred and where they can 
continue to occur 

• The study and model found that in predicted 
storm surge inundation extents and shallow 
coastal flooding inundation extents; the 
Lowcountry is likely to almost certainly 
experience a similar footprint and extent of 
these hazards with a much more frequent 
probability deduced for shallow coastal 
flooding.

 •  Taking those considerations the modeled 
spatial extents were simplified to a combined 
Coastal Flood Zone.

   • This presents itself in 
vulnerabilities to Roads, Bridges, Utilities, 
Critical Infrastructure, Buildings, Hospitals, 
Emergency Services, and Stormwater Storage 
Areas reduced by inundated flood waters

   • A combined Coastal Flood Zone 
provides a lens to flood risk has different 
inputs but similar strategies and how they 
relate to each other in ways that can be 
addressed through design and planning 

   • Understanding the relationship 
between frequency of tides and surge 
provides a lens of approach in this Coastal 
Flood zone that must approach emergency 
and day to day infrastructure demands and 
level of service. 

• Furthermore the study modeled other 
community threats including not 
dramatically changing in extents or 
frequency during the study period including:

 •  Pluvial flooding or rain bombs are areas 

that accumulate flooding and depend on 
either drainage paths or piping to convey 
water away to waterways and eventually the 
ocean.

   • Many of these large pluvial 
flooding areas represent geologic interdunal 
depressions left by the depositional forces 
that formed the barrier islands as the ocean 
receded in the last ice age tens of thousands 
of years ago.

    • Furthermore these 
depressions serves as wetlands in many areas 
allowing groundwater to express itself at the 
surface as pressure from runoff infiltration or 
the tides pushes flows upwards

 •  As the Lowcountry was inhabited 
development occurred along the edges of 
these depressional flood areas with regional 
roadways and railways prioritized on the 
major ridgelines presenting vulnerabilities 
in lowland areas similar to the Coastal Flood 
vulnerabilities, but also including higher 
elevations within the watershed.

   • In steeper and smaller watersheds 
these development conditions wrap tightly 
around flooding areas leading to low points 
along fringe marshland and wetland 
impoundment along inland channels and 
submerged creek beds that have become 
brackish tidal waters.

   • In larger watershed, especially 
along the Broad River or Ocean facing 
watersheds, a shallower topographys leads 
into a coastal geometry with open exposure 
to surge and tides along a wider extents than 
the steeper inland watershed,

 •  An example of approach to pluvial 
flooding has already been implemented 
on previous projects like the Mossy Oaks 
neighborhood, 

   • The intersection of storage 
capacity for these pluvial flooding events 
is sometimes inundated by tides or surge 
causing compound flooding and tide gates 
are employed to maintain flood storage.

• Water and Sewer threats include hard 
sewer and water infrastructure that 
depends on gravity and pressure to service 



the community and military as well as 
groundwater sources and recharge zones 
throughout the community.

 •  Vulnerabilities include flood inundation, 
increasing groundwater elevations, aging 
septic systems, and saltwater intrusion that 
may impact water quality and groundwater 
availability in the future

   • It is important to understand 
water and sewer threats are not only 
Lowcountry lift stations, sewer plants, and 
water plants.

   • It is also important to understand 
the dependency on wells and septic especially 
in socially vulnerable communities; 
including where soils and areas adjacent to 
waterways and habitat aren’t appropriate for 
septic systems 

• Coastal Erosion 

 •  Land Loss erosion hotspots represented 
measured average annual erosion rates on 
shoreline transects and highlighted areas 
of high wave energies highlighting areas 
vulnerable to land loss

   • Erosion rates will continue to 
increase as tides and sea level become higher

   • Vulnerability include Causeways, 
Utilities, Critical Infrastructure, Buildings, 
Marinas, and Bridge abutments

 •  Areas of predicted marsh loss 
transitioning to unconsolidated tidal 
mudflats will continue to occur at increasing 
rate

   • The study found that one foot sea 
level rise has a substantial impact on many 
marsh footprints. 

   • Threatening the Lowcountry 
natural character through Habitat loss 
and water quality issues and impacting 
recreation, tourism, and culture

    • Including economic 
drivers of fishing villages, shellfish 
harvesting, parks and eco-tourism 

• More detailed information about the analysis 
takeaways can be referenced in appendix B

MIRR Lowcountry



APPENDIX
APPENDIX C: TOOLKIT MEASURES

In this appendix, the exhaustive list of the toolkit 
measures provided is provided, along with 
further explanation of detail and specifics about 
appropriate times for implementation. Measures 
are categorized by the basis of if the measure is 
structural or non-structural.

Structural Measures Toolkit
• Structural measures are physical 

construction projects that can be completed 
in order to mitigate or avoid the disturbance 
of hazard. 

• Measures identified are categorized based on 
the threats that they address, although some 
toolkit measures are multi-functional and 
address multiple threats. 

• Coastal Erosion Toolkit: Mitigating 
measures of coastal erosion as a result 
of wave energy impacting the shoreline 
to preserve the ecosystem services that 
protect the coastline’s resilience against 
tides, storms, and sea level rise.

 •  Living Shorelines: 1A living shoreline 
is a stabilized coastal edge made of natural 
materials such as plants, sand, or rock.

• Vegetation and natural materials in living 
shorelines provide a buffer to upland areas 
and break the energy of small waves. 

• Living shorelines facilitate the growth of 
habitat through plants and animals, while 
also offering increasing protection over 
time.2

• Oyster Reef Habitat Facilitation: The creation 
or enhancement of oyster reefs in water bodies 
to produce habitat and improve ecosystem 
services, including: improved water quality, 
wave energy dissipation reducing coastline 
erosion and facilitation of calmer waters 

1 Living shorelines are also listed as a recommended 
action in Action 4.2 of  the S.C. Sea Grant’s Beaufort 
County Sea Level Adaption Report 
2 National Oceanic and Atmospheric Association’s 
(NOAA) Fisheries Dept. “Understanding Living 
Shorelines.” 

that are conducive for coastal marsh growth. 
3Oyster reefs can be constructed utilizing 
several techniques: 

 •  Oyster Shell Bags4: Mesh-like bags are 
placed in desired locations of future reefs 
with oyster larvae inside.

   • Technique allows for extensive 
customization of the shape and size of oyster 
reef depending on the constraints given and 
level of prediction desired. 

• Oyster Castles5: Interlocking blocks that are 
created from a blend of concrete and oyster 
shells that provide a hard surface for oyster 
larvae to attach to and grow on.

 •  Technique allows the reef to be extended 
both horizontally and vertically in order to fit 
the needs of the existing conditions. 

• Reef Balls: Large, concrete igloos with lots of 
large holes in them for oyster larvae to attach 
to and grow upon. 

 •  Reef balls are large, and are usually 
deployed by boat, but are heavy enough to 
not be moved or damaged by large amounts 
of wave energy during storm events.

• Oyster reefs are better suited to be in areas 
of lower wave energy, with breakwaters/
revetements more optimal for areas of higher 
wave energy.

• Similar to living shorelines, oyster reefs grow 
and offer increased protection over time. 

• Breakwaters/Revetements: Structures, 
constructed with either natural or artificial 
materials, that protect a shoreline from wave 
energy that results in coastal erosion.

 •  Breakwaters6 are structures that are 
offshore and intercept longshore currents. 

 •  Revetements are structures, either 
exposed or buried, along the coastline that 

3Naturally Resilient Communities, “Oyster Reefs”,  
4 Precedent: Tampa Bay Watch’s Community Oyster 
Reef Enhancement Program (CORE) 
5 Precedent: Norfolk, Virginia’s Oyster Castle 
Implementation conducted by the DoD Chesapeake 
Bay Program
6 Precedent: Sunset Cove Restoration Project in 
Jamaica Bay, NY 
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enhance wave energy absorption upon 
shoreline impact.

 •  Breakwaters and Revetments can be 
constructed using oyster shells which 
enhances wave absorption in a natural 
manner, while also increasing oyster habitat 
and fostering the ecosystem services that 
oyster reefs provide.

• Habitat and Marsh Migration: Techniques 
aimed at protecting marsh habitat with 
the adaptive capacity to successfully 
migrate to higher elevations as water 
levels imminently rise. 

 •  Sediment Addition7: The addition of 
sediment to coastal marsh areas to increase 
elevations of marsh as water levels rise to 
mitigate marsh degradation and loss. 

   • Coastal Dredging Reuse8: 
Conducting sediment addition processes with 
the utilization of local soil that was collected 
during routine dredging practices as the 
source.

• Expansion of Stormwater Outfall Culverts: 
Expanding culverts that serve as stormwater 
outfalls from detention basins to the shore 
with marsh habitat to improve the tidal 
connection, expanding the tidal marsh 
habitat into the basin.

 •  Improved connection will create tidal 
marsh habitat in the wake of marsh migration 
and subject the detention pond to regular 
flushing, all while still treating stormwater 
runoff.

   • Decentralized treatment devices 
should be implemented along upper edges 
of the detention basin to treat runoff before 
it enters marsh, as to not damage marsh 
habitat. 

   • Capacity for pluvial flood storage 
in the detention basin will be reduced during 
high tides due to the connection.

• 
7 Sediment Addition is also listed as a recommended 
action in Action 4.10 of the S.C. Sea Grant’s Beaufort 
County Sea Level Adaption Report 
8 Precedent: Great Bay National Estuarine Research 
Reserve’s Enhancing Marsh Resilience by Adding 
Sediment Project 

• Flood Mitigation: Infrastructure 
techniques aimed at mitigating 
disturbances from shallow coastal flooding 
and pluvial flooding by optimizing the 
capture and storage of stormwater runoff.

• Stormwater System Conveyance 
Improvements9: Upgrading stormwater 
drainage infrastructure, including pipes and 
structures, to optimize drainage patterns and 
increase drainage efficiency.

 •  Improvements can include realigning 
pipes to give sufficient elevation differentials 
to drain stormwater, cleaning out structures 
that may be clogged with debris, upgrading 
pipe sizes to increase capacity of the network.

• Green Infrastructure: A type of stormwater 
management infrastructure that can be 
versatile in placement and includes plant or 
soil system, permeable pavers, or landscaping 
to store, infiltrate, or evapotranspirate 
stormwater and reduce flows to sewer 
systems or to surface waters. 10

• Management techniques include a heavy use 
of vegetation to mimic the natural hydrologic 
cycle by promoting infiltration and slowing 
down stormwater so stormwater systems are 
not overwhelmed at once.

• Green Infrastructure benefits are multi-
purposed and offer habitat creation, aesthetic 
benefits for locals, and improved water 
quality. 

• Tree and Vegetation Preservation:
 •  Management and preservation of existing 

natural vegetation that provides ecosystem 
services limits the impacts of development 
due to runoff and erosive velocities while 
providing habitat for ecology

 
• Regional Stormwater Management - 

Developing stormwater management 
infrastructure so that stormwater is treated 
on a regional scale at off-site locations, rather 

9 Precedent: Mossy Oaks Stormwater Drainage Project 
in Beaufort, South Carolina 
10 EPA. “What is Green Infrastructure?” 



than a smaller decentralized scale
 •  Strategy minimizes connections to 

stormwater networks, reducing chances 
of overwhelming the system resulting in 
flooding.

 •  This strategy can treat the same amount 
of stormwater and also enables more flexible 
development areas, so that development 
can be optimized to avoid areas prone to 
disturbance from natural hazards (e.g. 
flooding).

• Flow Controls - Infrastructure techniques 
that restrict or slow down the velocity of 
stormwater so that water can be temporarily 
delayed from overwhelming stormwater 
network structures (detention ponds) or 
conveyance to outfalls can be delayed to 
align with low tide, thus optimizing drainage 
efficiency.

 •  Flow controls can include check dams 
in ditches or swales, permeable weirs, rock 
swales, or flow-splitters

 •  Tide Gate or Active Controls at Stormwater 
Outfalls1112: The implementation of tidal flap 
gates along stormwater outfalls from areas of 
detention to optimize storage for stormwater 
capture.

 •  Tidal gates can be opened during low 
tides to drain treated stormwater into the 
adjacent water body and closed during high 
tides to prevent additional water entering the 
detention area, potentially overwhelming the 
detention system. 

• Resilient Block Design: Design frameworks 
for how parcels within a development 
should be oriented to maximize Low Impact 
Development (LID) techniques that optimize 
stormwater management, while also 
providing increased open space utilizing non-
structural policies that mitigate risk, promote 
natural systems, and leverage strategic 
development policies. 13Opportunities 

11 Tidal Water Control Structures are also listed as 
a recommended action in Action 8.2 of the S.C. Sea 
Grant’s Beaufort County Sea Level Adaption Report 
12 Precedent: Mossy Oaks Stormwater Drainage 
Project in Beaufort, South Carolina 
13 Block Designs are taken from the University of 
Arkansas Community Design Center’s Low Impact 

include:

• Mid-Block Easement - When designing LID 
at the block scale, the incorporation of a 
mid-block easement can connect individual 
parcels to a shared conservation area that can 
provide regional stormwater management, in 
addition to a bundle of ecosystem services.

 •  Within the easement, space can be 
conserved and stormwater from individual 
parcels can enter the open space to be treated 
through Green Infrastructure

• Green Alley Block: If conservation areas 
are not possible in new developments, or 
existing developments are to be retrofitted, 
green alleys would replace traditional 
existing access corridors and include 
permeable pavers, with green infrastructure 
incorporated throughout the corridor.

 •  Green Infrastructure would slow 
stormwater down during conveyance, 
infiltrate and treat stormwater, and would 
be connected to the traditional stormwater 
network in times of overflow. 

• Front Block Design: If space is limited, LID 
could still be incorporated into development 
by the creation of LID easement strips that 
incorporate Green Infrastructure at the front 
of each property.

 •  Green Infrastructure would be connected 
between parcels to create an intertwined 
system, so that water is slowed and spread 
evenly so no parcel’s stormwater management 
is overwhelmed.

• Protected Utility Access: Infrastructure 
upgrades that protect the integrity of 
power, water and wastewater utilities 
from disturbances related to threats of 
rising groundwater, inundation, and over 
demand of water. 

• Replacements of Utility Fixtures: Replacement 
of fixtures to improve efficiency, reducing the 
volume of potable water used and sewage 
treated, saving costs and resources.

 •  Implementation of high-efficiency 
fixtures reduces: groundwater withdrawals 

Development Design Manual. 



from depleted aquifer, filtration demands 
for well treatment systems, potable demands 
from public water systems, and septic flows 
that may contaminate wells and surface 
waters.

 •  Fixture upgrades may also increase 
the conveyance capacity of sewer systems, 
incentivizing regulators to allow greater 
site development without increasing sewer 
capacity.

• Retrofits of Existing Regional Utility 
Infrastructure: The upgrades or extensions 
of existing utility infrastructure owned 
by municipalities, or utility companies, 
to upgrade dated technology, increase 
efficiency, build capacity, and protect against 
threats that would disrupt critical service

• Alternative Onsite Wastewater Treatment 
Systems: Advanced or alternative methods 
for siting and managing wastewater onsite, 
while mitigating the impacts of sewer/septic 
hazards. As well as onsite water treatment 
systems for non-potable demands to reduce 
demands on regional water supplies

• Alternative treatment systems include 
composting toilets, greywater disposal/
reuse, and onsite reuse of blackwater for 
non-potable water needs (e.g. irrigation, toilet 
flushing)

• Unlike typical septic systems, alternative 
treatment systems use an aerobic process, 
which have effluent of improved water quality 
and offer greater flexibility in the placement 
of the system, allowing the avoidance of low 
points of environmentally sensitive areas.14

 
• Systems protect public health by reducing 

the nutrient and bacterial loads on septic 
systems, while also reducing the processing 
demands of Wastewater Treatment Plants. 

• District Scale Reuse of Non-Potable Water 
to Reduce Water Demands15: A system 

14 Wardell, C. “Septic Systems for Coastal Homes.” 
Journal of Light Construction. 
15 Precedent: Louisiana’s Wastewater Reuse Project 

coordinated between multiple property 
owners and municipalities to treat either 
greywater or blackwater for reuse with non-
potable water demands.

 •  Reuse of wastewater for non-potable 
demands can occur at multiple scales:

   • Small Pipe Community Owned 
Wastewater Recycling System

    • Effluent from small septic 
systems to be directed to a district treatment 
system, where wastewater would be treated 
and conveyed back to parcels to use for toilet 
flushing and irrigation. 

    • Biosolids could be 
centralized for bio-energy and compost 
production at a lower capital cost than 
regional Wastewater Treatment Plants

    • Long term independence 
from the regional wastewater system, 
reducing demands on the existing system’s 
capacity. 

   • Industrial and Agricultural 
Non-Potable Water Reuse from 
WastewaterTreatment Plant to Reduce 
Aquifer Demands16: 

    • The provision of non-
potable water treated at existing wastewater 
treatment plants to accommodate factory 
uses and large-scale agricultural uses. 
Effluent from sewage treatment plant is 
conveyed to large local water users in order 
to reuse water and reduce aquifer demands.

 •  Water reuse at the district scale generates 
significant volumes of recycled water for 
non-potable uses, reducing demands on 
both the aquifer for supply and wastewater 
treatment plant for treatment capacity, while 
still allowing property owners to retain their 
standard plumbing without having to rely on 
septic tanks.

   • By reusing non-potable water 
when available, demands from the aquifer are 
reduced and over pumpings are mitigated. 

• Retrofits of Onsite Water Supply Systems: 
The retrofitting of existing water supply 
infrastructure, with an array of new 

16 Precedent: Louisiana’s Wastewater Reuse Project 
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technology depending on the existing 
infrastructure, to optimize water quality 
and provide resilience against water supply 
failure. 

• If local water supply is dependent on 
pumping from aquifers, wells are susceptible 
to overpumping or saltwater intrusion, 
threatening the availability of the resource.

• Depending on the current status of wells and 
the issues presented, retrofits may vary. 

 •  Nutrient/Bacteria Contaminated Wells: 
If the well is contaminated with nutrients 
or bacteria, wells should be retrofitted with 
parcel-specific UV treatment packages. 

 •  Salty/Brackish Wells: Wells that have 
been contaminated with saltwater should 
have reverse osmosis technology retrofitted 
at the drinking faucet, with the filtered brine 
directed to areas prone to pluvial flooding, so 
that brine dilutes in the ocean. 

 •  Low Producing Wells: Wells that are low 
producing or are seasonally dry should be 
retrofitted to include a water storage tank 
that detains water for use at later points. 

   • Storage Tanks provide resilience 
against well and power failures, gives ability 
to truck in water

 •  High Flow Agriculture or Commercial 
Wells: High Flow Wells should be retrofitted 
with high-efficiency technology, metered and 
recorded to monitor use, and closely studied 
to understand if they are inflicting negative 
impacts on the water supply of nearby 
residential wells due to pumping demands. 

 •  In the case of negative impacts, high flow 
wells should be connected to the negatively 
impacted wells to ensure water supply to 
all parcels and on-site water reuse for the 
commercial site should be mandated or 
incentivized.

 
• Apart from groundwater wells, groundwater 

and municipal water supply can also be 
preserved in a variety of on-site ways, 
depending on scale: 

 •  Residences: Rainwater capture on 
building gutters with storage tanks for non-

potable water reuse17

 •  Commercial Operations: Incentivized 
on-site water reuse and the optimization of 
operations to minimize water demands and 
increase efficiency.

 •  Agriculture Operations: On-site water 
reuse, Incentivized “Net Zero Water” with no 
imported water and only rainwater or reused 
water for operations, mandated Pesticide and 
Fertilizer management plan

• District Water Supply Systems: Systems 
coordinated between parcels and 
municipalities to supply water with 
optimized capture and treatment footprints. 
can improve water supply at scale including 
optimized capture and treatment footprints. 
These systems can occur at multiple scales 
including

 •  Community Owned Water Supply System: 
Implementation of system between parcels 
that capture stormwater from a central 
location, or a community facility, with ~1000 
gallon water tender trailer so water may be 
shared between system participants with 
sufficient supplies

• Improved Transportation Networks: 
Infrastructure upgrades associated with 
roadway networks to preserve safe ingress/
egress and evacuation routes between 
the military bases and the surrounding 
communities during times of disturbance.

 •  Road Raising: Increasing the elevation 
of roadways to minimize the frequency of 
inundation that roads face which disrupt safe 
travel. 18

 •  Roadside Stabilization: Stabilizing 
roadside slopes with vegetation, rocks, or 
grey infrastructure to stabilize slopes, reduce 
scouring at bridge abutments, and mitigate 
the detrimental effects of erosion.

 •  Road Realignments: The reorientation 
of road corridors to be placed in less 
environmentally-sensitive areas that would 

17 Precedent: Safe Drinking Water Branch | Rainwater 
Catchment (hawaii.gov 
18 Road Raising is also listed as a recommended action 
in Action 7.1 of the S.C. Sea Grant’s Beaufort County 
Sea Level Adaption Report 
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be less disturbed by frequently-experienced 
threats (e.g. erosion, pluvial flooding, shallow 
coastal flooding).

 •  Bridge Retrofits19: The replacement 
of bridges that have either succumbed to 
erosion, are at the end of their life cycle, or 
are structurally unsound with bridges that 
incorporate newer technology to preserve 
safe ingress/egress and maintain evacuation 
routes. 

Non-Structural Measures Toolkit

• The following toolkit a series of policy-based 
tools and measures should also be considered 
for implementation in the area to promote 
strategic development. 

 •  When implemented in conjunction, 
these policy initiatives are multi-purposed 
and each mitigate the impacts for several 
aforementioned threats. 

• Recommended policy-based initiatives 
include:

• Land Acquisition Policies: Policies 
for municipalities to acquire land 
in locations vulnerable to repetitive 
climatic disturbances and mitigate 
the community’s impacts from the 
disturbances by preventing future 
development in the vulnerable areas 
and conserving the land to enhance the 
protections of local ecosystem services. 

 •  Beaufort County Rural and Critical Land 
Preservation Program20: Program encoded 
by Beaufort County to purchase land that 
is vulnerable to natural hazards as to limit 
repetitive damage or future development in 
the area. 

   • Property owners can either 
choose to sell the title of the land to the 
County or extinguish the right to construct 
any additional future development on the 
land in exchange for compensation. 

    • The transaction of 

19 Precedent: SCDOT’s US 21 Bridge Replacement 
across Harbor River 
20 Chapter 26. Article II - Beaufort County Rural And 
Critical Lands Preservation Program 

extinguishing rights for compensation often 
allows property owners ability to use the land 
and continue its use for farming, hunting, 
fishing, or other historic use. 

   • This program already exists 
in the jurisdictional code, but should be 
emphasized for use in areas with compound 
flooding threats or compound vulnerabilities. 

• South Carolina Conservation Bank Act21: 
An ongoing funding source for the State to 
acquire real estate interests from voluntary 
sellers in areas where land is vulnerable 
to natural hazard or provides ecosystem 
services of critical value. 

 •  Municipalities should explore whether 
We recommend whether threatened lands 
subject to compound flooding may be eligible 
for funding and acquisition through the 
program.

• Strategic Development Strategies: 
Guidelines to organize urban planning 
and development to protect functions 
of natural infrastructure and mitigate 
negative impacts of future development. 

 •  Cluster Developments: Land development 
design strategy that confines development 
to compact areas close in proximity to allow 
for large contiguous areas of preserved 
open space with sensitive natural areas (e.g. 
wetlands, streams, floodplains, etc.) 

   • This development style is 
currently only utilized for Community 
Preservation Districts that are designated 
by the Beaufort County Development Code 
but could be expanded for other zoning 
designations. 

   • This compact development 
pattern aligns with Beaufort County 
Comprehensive Plan’s goals for future 
development within growth areas.

 •  Resilience Quotient Point System22: A 
system where developers can earn points for 
adopting different resilient measures that 
promote flood risk reduction, stormwater 

21 https://sccbank.sc.gov/ 
22 Precedent: City of Norfolk, Virginia Flood Zoning 
Ordinance 



management, and energy resilience, among 
other practices. New developments would be 
required to meet different resilience point 
values based on the development type (e.g. 
residential, not-residential, mixed-use) and 
development size, unless specified standards 
for elevation or drainage are opted to be met. 

 •  No similar system is currently in place 
in the Area of Interest, but would be a 
framework to incentivize intelligent future 
development. 

• Nature Based Policies: Guidelines to 
prioritize natural systems and features 
to be preserved and created to increase 
ecosystem services.

 •  Conservation or Open Space Easements: 
Permanent easements incorporated into 
developments to preserve landscapes 
with some combination of environmental, 
cultural, agricultural, historical, or aesthetic 
values.23

   • Existing conservation easements 
encoded by the jurisdictions could be 
expanded to leverage additional space to 
allow for inland marsh migration, where 
applicable. 

 •  Green Infrastructure Regulatory 
Ordinance24: An ordinance that addresses 
landscaping and stormwater management 
practices by incorporating stormwater 
treatment mechanisms that slow down 
stormwater, promote infiltration, and mimic 
the natural hydrologic cycle. 

   • No regulatory ordinance 
emphasizing Green Infrastructure is 
currently in place across the Area of 
Interest, but could be put in place for future 
commercial development. 

 
 •  Low Impact Development Ordinance25: 

Zoning ordinances that utilize buffer 
requirements to ensure some level of open 
space and environmental protection in every 

23 2020 Beaufort County Greenprint Plan 
24 Precedent: Georgetown Climate Center’s Green 
Infrastructure Regulatory Toolkit 
25 Low Impact Development is also listed as a 
recommended action in Action 8.1 of the S.C. Sea 
Grant’s Beaufort County Sea Level Adaption Report 

development project. 
   • These development ideologies 

are already encoded by the Beaufort County 
Technical Manual for roadway design, but 
could be expanded to apply to more land uses. 

 •  Tree Preservation and Protection 
Standards: Standards encoded by a 
jurisdiction to expand upon tree preservation 
and protection standards in order to provide 
resilience against pluvial flooding and storm 
events can be maintained. 

   • While Tree Preservation and 
Protection Standards exist, measures could 
be strengthened to decentivize the disruption 
of existing tree cover that infiltrates and 
slows stormwater.

• Risk Mitigation Zoning Ordinances: 
Regulations to prevent the mixing of 
incompatible land use and preserve both 
physical and natural infrastructure. 

 •  Coastal Resilience Overlay26: A zoning 
ordinance that could be incorporated 
with provisions for specific urban areas 
that are vulnerable to compound flooding 
to incentivize permeable surfaces that 
infiltrate stormwater and include additional 
requirements for further stormwater 
management practices. 

   • Similar language is encoded, 
but this zoning ordinance could be specific 
to highly problematic areas and incorporate 
more restrictive regulations. 

 •  Low-Density Zoning: A zoning ideology 
traditionally aimed at rural lands to limit the 
density and type of development in a land use 
designation.  

   • The definition of the zoning 
districts that are subjected to these 
requirements in jurisdictional code could 
be expanded to include areas where climatic 
disturbances are expected to increase in 
future. 

26 Precedent: City of Norfolk, Virginia’s Coastal 
Resilience Overlay Zoning Ordinance 



MIRR Lowcountry

 •  Riparian and Wetland Buffers27: Buffers 
along water bodies to limit development and 
disturbance along the borders of rivers in 
order to protect the natural ecosystem and 
mitigate flooding disturbance. 

   • Riparian Wetland buffers are 
already encoded, but could be refined to 
include two tiers of buffers: an inner tier 
closest to the wetland that must remain 
natural, and an outer tier with an extended 
width where there is a transition between the 
natural and developed environment. 28

 •  Freeboard Elevation29. A zoning 
ordinance that specifies the required 
elevations of the first floors of buildings to be 
above the modeled elevation of flood waters 
in order to mitigate damages from building 
inundations.

   • Beaufort County currently only 
requires damaged buildings within the FEMA 
100-yr. flood hazard zone to be elevated to the 
designated freeboard elevation.

   • To mitigate damage that could 
occur from imminent threats, freeboard 
elevations could be raised and stipulations 
of when structures must be raised could be 
refined to incentivize the proactive elevation 
of structures.

• Provisions for Long-Term Infrastructure 
Resilience: Frameworks to guide 
stakeholders on armoring physical 
infrastructure against imminent threats 
in the long-term. 

 •  Critical Infrastructure Provisions: 
Guidelines to locate critical facilities such as 
hospitals, schools, and EMS away from flood-
prone areas and near major roads. 

   • Revisions to jurisdictional code 
could be amended to further implement 
provisions to locate critical facilities such as 
hospitals, schools, and EMS away from flood-
prone areas and near major roads. 

 
27 Setbacks are also listed as a recommended action in 
Action 4.1 of the S.C. Sea Grant’s Beaufort County Sea 
Level Adaption Report 
28 Precedent: Horry County Resilience Master Plan 
29 Precedent: City of Norfolk, Virginia’s Flood Zoning 
Ordinance 

 •  Road and Bridge Provisions30: Framework 
to address transportation infrastructure 
including roads, bridges, and culverts, which 
are often affected by extreme weather events.

   • The creation of additional 
ordinances could implement provisions 
for decision making process and design 
standards that address transportation 
infrastructure, which is often affected by 
extreme weather events. 

 •  Guidelines for Elevating Existing 
Residential Buildings31: Guidelines for 
existing property owners to elevate their 
buildings to adapt and protect against 
recurring and future flooding, while 
maintaining the unique character of the 
community.

   • Assuming that an increasing 
amount of homes will need to be elevated, 
guidelines could be crafted to include 
building standards, character-defining 
standards, and non-conversion agreements 
to keep clear areas below the homes in case 
of flooding.

• Educational Mechanisms32: Approaches 
focused on informing the residents and 
landowners in the AOI to inform them of 
their inherent risk so that decisions are 
educated and well-advised.

 •  Supplemental High-Hazard Flood Zone: 
Maps that delineate areas that are sensitive 
to flooding beyond the existing 100-yr. flood 
hazard zone.

   • Jurisdictions should consider 
delineating a supplemental high-hazard zone 
using USGS high water marks, stream gauges, 
and post-storm damage reports.

   • Supplemental high-hazard flood 
zoning ordinance would apply to high-hazard 
areas that may lie outside of the floodplain 
and include provisions or recommendations 
for these high hazard areas such as raising

30 Precedent: NYSDOT Highway Design and Bridge 
Manual 
31 Precedent: City of New York’s “Build It Back” 
Program in Response to Hurricane Sandy 
32 Also recommended in the Action 2.1 of the S.C. Sea 
Grant’s Beaufort County Sea Level Adaption Report 



 freeboard elevation or construction standard 
requirements.

 •  Environmental Constraint 
Disclosure333435: Consumer protection 
measures in the form of disclosure during 
real estate transactions that alert potential 
buyers of land to environmental constraints 
on the land, and the impact of those 
constraints on the subdivision play in design 
and construction costs.

   • State of South Carolina already 
has encoded the requirement of Property 
Condition Disclosure Statements36 between 
buyer and seller, including disclosure of flood 
hazards and wetlands, but municipalities 
could benefit from adding additional 
language about vulnerabilities to standing 
water on property or the property’s elevation 
relative to sea level.  

• Increasing Adaptive Capacity to Recover: 
Programs that facilitate recovery in the 
community following disaster.

 •  Legal Non-conforming Uses37: 
Stipulations in the law that redefine the legal 
status of structures to aid the recovery of all 
structures after disaster, even if the structure 
is not up to code. 

33 Precedent: Maine Model Floodplain Management 
Ordinance (ME), Article IX Review of Subdivision 
Development Proposals  
34 The Coastal Conservation League, in conjunction 
with a County-led Sea Level Rise Task Force developed 
an overlay for Lady’s Island requiring real estate 
transactions for properties located in the 100-year 
floodplain, or at or below 10ft above sea level, to 
incorporate a disclosure statement to be signed by 
the buyer . Other jurisdictions, including the City 
of Beaufort, the Town of Port Royal, and Beaufort 
County have committed to adopting similar measures. 
Other jurisdictions within the Lowcountry can take 
note from this measure and follow suit to provide an 
additional educational tool to inform property buyers 
of risks associated with living in the Lowcountry.
35 Hazard Disclosure and Disclaimer is also listed as 
a recommended action in Action 2.2 of the S.C. Sea 
Grant’s Beaufort County Sea Level Adaption Report 
36 South Carolina Code of Laws, Section 27-50-10, 
Property Condition Disclosure Statement 
37 Precedent: In New York City, the Department of City 
Planning proposed a zoning text amendment, “Special 
Regulations for Neighborhood Recovery,” to remove 
barriers and provide zoning relief for non-conforming 
structures after Hurricane Sandy. 

   • Beaufort County’s Community 
Development Code currently has a similar 
stipulation, but other jurisdictions do not and 
could benefit from incorporation. 

 
• Special Use Permits: Jurisdictions could 

facilitate recovery in times of post-disaster 
recovery by enabling permits that support 
recovery-related infrastructure and offer 
relief from jurisdictional zoning ordinances 
or land development laws that could hinder 
recovery.

Screening Process

 Efforts have been made to include the 
value of shared community assets and 
vulnerabilities through scoring of 
community infrastructure relating to the 
military directly and tangentially as defined 
Overview and Infrastructure Typologies of 
this report. Vulnerability screened through 
this process was defined as the interaction of:

• SENSITIVITY - resource affects and response
 •  To provide comparative prioritization of 

several projects prior to engineered analysis; 
the sensitivity is used as a multiplier to 
identify the frequency of consequence for 
the military if the threats and vulnerabilities 
identified at a project location are not 
addressed.

 •  However this process could be adapted 
to prioritize other methods of funding or 
stakeholders and the prioritization of their 
needs.

• EXPOSURE - the degree to which it is 
subjected to the change in conditions

 •  In this project - exposure to threats in 
the short-medium-long term and relevance 
to the Military in the region are core to the 
screening process.

 •  With the analysis section of this report 
reflecting more of an impact due to changes 
in frequency rather than extents of threats 
- a likely compounding threat (greater 
than XX%) has been used as a threshold for 
exposure prioritization and scoring



MIRR Lowcountry

• ADAPTIVE CAPACITY - the ability of the 
target resource to adjust

 •  The ability for the community to bounce 
back from an exposure is affected by the 
sensitivity and exposure of an asset/service 
and the resources available to armor or 
restore infrastructure

 Through identification of vulnerabilities 
to these assets and services and providing 
toolkits to approach these vulnerabilities; the 
community has opportunities to approach 
the vulnerabilities identified in the screening 
process.Further expansion of toolkits and 
vulnerabilities is available through this 
comparative screening tool

Methodology for Project List Identification

• Flooding data from Hurricane Mathew 
and projected tidal surge from 2025/2040 
occupied a similar pattern of inundation, and 
was used in conjunction with coastal erosion 
hotspots to inform project site selection

• Identification of project sites focusing on 
roadway infrastructure accounted for the 
following factors:

 •  Flooded roads that occurs along the 
evacuation route and major intersections

 •  Disrupting access to MCAS Beaufort and 
MCAS Parris Island

 •  Disrupting general roadway access for 
Military personnel residential areas

• Identification of project sites focusing on 
ecology accounted for the following factors:

 •  Presence of allowed shellfish harvesting 
 •  Presence of fishing villages
 •  Marsh loss due to 1ft of sea level rise
 •  Coastal erosion hotspot
 •  Presence of parks and protected lands

• Identification of project sites focusing 
on culture and history accounted for the 
following factors:

 •  Rural and critical lands that are subject 
to inundation 

 •  Historic districts that are subject to 
inundation 

 •  National registry of historic places that 
are subject to inundation 

 •  Community preservation districts that 
are subject to inundation 

• Identification of project sites focusing on 
sewer infrastructure accounted for the 
following factors:

 •  Sewer lift stations that are vulnerable to 
inundation

 •  WWTP plants that are vulnerable to 
inundation

• Identification of project sites focusing on 
power infrastructure accounted for the 
following factors:

 •  Substations vulnerable to inundation
 •  Power generation sites vulnerable to 

inundation



 

APPENDIX D: Funding Opportunities - 

Department of Defense (DoD) Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 

 

DoD Readiness and 
Environmental Protection 
Integration (REPI) Program 
 

 

 

 
Sentinel Landscapes 
Partnership Program 
 

 

 

Land management 
and educational 
opportunities 
 

The Sentinel Lands Partnership is a coalition of federal agencies and 
NGOs that work with private landowners to strengthen military 
readiness, conserve natural resources, bolster agricultural and 
forestry economics, and increase climate change resilience. Sentinel 
landscape partners accomplish their objective by connecting 
private landowners with voluntary state and federal assistance 
programs that provide tax reductions, agricultural loans, disaster 
relief, educational opportunities, technical aid, and funding for 
conservation easements. 

 

Funding of partnership 
coordinator, Program specific 
funding, official collaboration 
with federal agencies, options 
for program specific funding 
 

 

 

 
N/A 
 

 

 

 

For FY 21: March 29, 
2021 
 

 

 

 
N/A 
 

 

 

 
https://sentinellandscapes. 
org/apply-now/#apply-now 
 

 

 

 

 
DoD Readiness and 
Environmental Protection 
Integration (REPI) Program 
 

 

 

 

 
 

REPI Challenge 
 

 

 

 
Land conservation 
and land 
management that 
limit incompatible 
development 
 

REPI aims to fund projects that facilitate land conservation, 
improvement, or management activities that limit incompatible 
development in the vicinity of DoD installations and ranges; enhance 
military installation resilience to climate change or extreme weather 
events; or relieve current or anticipated environmental restrictions in 
support of key mission capabilities of strategic importance. The 
primary focus of this year’s REPI Challenge will be projects that will 
help make key mission capabilities of strategic importance to DoD 
more resilient to climate change and severe weather events (e.g., 
coastal and inland flooding, sea level rise, drought, increased 
wildfires, thawing permafrost). 

 

 

 

 
 

Grant 
 

 

 

 
At least 50%. 
Preference is given to 
applications with 
higher matching 
contributions 
 

 

 

 

 
For FY 22: Pre- 
proposal due Nov 
22, 2021 
 

 

 

 

 
Project to be executed 
within 6 months of 
fund awarding 
 

 

 

 

https://www.repi. 
mil/Portals/44/Documents/REPI_
C 
hallenge/2021_REPIChallenge_RFP. 
pdf 
 

 

 

DoD Office of Local Defense 
Community Cooperation 
(OLDCC) 
 

 

 

Defense Community 
Infrastructure 
Program 
 

 

Community 
infrastructure, critical 
infrastructure and 
municipal services 
 

The Defense Community Infrastructure Program (DCIP) is 
designed to address deficiencies in community infrastructure, 
supportive of a military installation, in order to enhance military 
value, installation resilience, and military family quality of life. 
Applications must include construction-ready projects that can 
turn dirt within 12 months of award with all design, bid solicitation, 
and permitting complete. 
Applications are evaluated based on their military value, military 
installation resilience, and military family quality of life. 

 

 

 
Grant 
 

 

Rural communities - 
no match required, 
communities with > 
100,000 people - 30% 
match required 
 

 

 

For FY 21: Pre- 
proposal due July 
12, 2021 
 

 

 
Construction must be 
completed within 5 
years of project 
award 
 

 

 

https://oldcc.gov/defense- 
community-infrastructure- 
program-dcip 
 

DoD Office of Local Defense 
Community Cooperation 
(OLDCC) 

       https://oldcc.gov/our- 
programs/military-installation- 
sustainability 

 

https://sentinellandscapes.org/apply-now/#apply-now
https://sentinellandscapes.org/apply-now/#apply-now
https://www.repi.mil/Portals/44/Documents/REPI_Challenge/2021_REPIChallenge_RFP.pdf
https://www.repi.mil/Portals/44/Documents/REPI_Challenge/2021_REPIChallenge_RFP.pdf
https://www.repi.mil/Portals/44/Documents/REPI_Challenge/2021_REPIChallenge_RFP.pdf
https://www.repi.mil/Portals/44/Documents/REPI_Challenge/2021_REPIChallenge_RFP.pdf
https://www.repi.mil/Portals/44/Documents/REPI_Challenge/2021_REPIChallenge_RFP.pdf
https://oldcc.gov/defense-community-infrastructure-program-dcip
https://oldcc.gov/defense-community-infrastructure-program-dcip
https://oldcc.gov/defense-community-infrastructure-program-dcip
https://oldcc.gov/our-programs/military-installation-sustainability
https://oldcc.gov/our-programs/military-installation-sustainability
https://oldcc.gov/our-programs/military-installation-sustainability


 

Federal Mitigation Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 

 

 

Federal Emergency 
Management Agency 
(FEMA) 
 

 

 

 
FEMA's Building 
Resilient Infrastructure 
and Communities 
(BRIC) 
 

 

 
Any at-risk infrastructure 
with incentives for aiming 
resilience at 
disadvantaged 
communities and 
climate adaptation 
 

Support states, local communities, tribes, and territories as they 
undertake hazard mitigation projects, reducing the risks they face from 
disasters and natural hazards. Aims to shift federal focus away from 
reactive disaster spending and toward research-supported proactive 
investment in community resilience by providing funding for greater 
investments in resiliency and mitigation efforts in preparation for 
natural hazard events, including mitigation planning and project 
grants. Funding is also available for management costs. There is a 
requirement to have a FEMA-approved mitigation plan to receive FEMA 
assistance. 

 

 

Mitigation Planning and 
Project Grants, Technical 
Assistance Available, Disaster 
Occurrence Required, 
Disaster Designation Required 
 

 

 

 

75% federal funding, 
25% non-federal 
funding 
 

 

 

 

 
Jan 28, 2022 for FY 
2021 
 

 

 

 

Project must be completed 
3 years from Recipient’s 
federal award 
 

 

 

 
https://www.fema. 
gov/grants/mitigation/building- 
resilient-infrastructure- 
communities 
 

 

 

 
Federal Emergency 
Management Agency 
(FEMA) 
 

 

 

 
FEMA's Hazard 
Mitigation Grant 
Program (HMGP) 
 

 

 

 
Protection of buildings, 
utility retrofits, drainage 
improvement projects 
 

Funds long-term hazard mitigation planning and activities that will 
reduce or eliminate the losses of life and property in future disasters. 
Individuals, businesses can also apply through, or be sponsored by 
their local, state, or tribal government agency. Must provide a project 
that demonstrates cost- effectiveness and feasibility that benefits the 
disaster area and its inhabitants. Application project must conform 
with the approved state, tribal, and/or local mitigation plan. Funding is 
available for mitigation planning and planning-related activities as 
well as management costs. 

 

 
Mitigation Planning and 
Project Grants, Technical 
Assistance Available, Disaster 
Occurrence & Designation 
Required 
 

 

 

 
75% federal funding, 
25% non-federal 
funding 
 

 

 

Within 12 months 
of Presidential 
Declaration of 
Major Disaster 
 

 

 

 

 
Case by case basis 
 

 

 

 
https://www.fema. 
gov/grants/mitigation/hazard- 
mitigation 
 

 

 
Federal Emergency 
Management Agency 
(FEMA) 
 

 

 
FEMA's Flood 
Mitigation Assistance 
(FMA) Grant Program 
 

 

 

Buildings and structures 
insured under NFIP 
 

Provides funding for projects and planning that reduces or eliminates 
long-term risk of flood damage to structures insured under the 
National Flood Insurance Program (NFIP). Funding is also available 
for management costs. Note competitive grant program and rating 
criteria. FEMA will select eligible individual flood mitigation project 
sub applications on a competitive basis, prioritizing projects with 
the potential to mitigate the most "severe repetitive loss." 

 

 

 
Grant 
 

 

 
75% federal funding, 
25% non-federal 
funding 
 

 

 

Jan 28, 2022 for FY 
2021 
 

 

Community Flood 
Mitigation Projects - 4 
years, All other 
subapplicants - 3 years 
 

 

 

https://www.fema. 
gov/grants/mitigation/floods 
 

 
Federal Emergency 
Management Agency 
(FEMA) 
 

 
FEMA's Public 
Assistance (PA) Grant 
Program 
 

 

Building, Municipal 
Services, Natural Feature 
 

Assists state and local governments and certain private nonprofit 
entities after damage from a declared disaster. Assistance can support 
emergency work, permanent work or "special considerations" such as 
hazard mitigation. There is a requirement to have a FEMA-approved 
mitigation plan to receive FEMA assistance. 

Grant, Technical Assistance 
Available, Disaster 
Occurrence Required, 
Disaster Designation Required 

 
75% federal funding, 
25% non-federal 
funding 
 

 
After Presidential 
Declaration of 
Major Disaster 
 

 
Emergency work - 6 
months, permanent work - 
18 months 
 

 
https://www.fema. 
gov/assistance/public/program- 
overview 
 

 
Federal Emergency 
Management Agency 
(FEMA) 
 

 

FEMA's Increased Cost 
of Compliance 
 

Homes or businesses 
currently not in 
compliance with 
jurisdictional regulations 
but insured with NFIP 

Helps National Flood Insurance Program policyholders with the costs 
incurred if they are required by the community building department to 
meet rebuilding standards after a flood. Provides up to $30,000 to help 
pay for relocating, elevating, demolishing, and flood proofing (non- 
residential buildings), or any combination of these mitigation activities. 

 

Grant, Disaster Occurrence 
Required 
 

 

 
N/A 
 

 

Case by case 
basis 
 

 

 
Case by case basis 
 

 
https://www.fema.gov/floodplain- 
management/financial- 
help/increased-cost-compliance 
 

 
Federal Emergency 
Management Agency 
(FEMA) 
 

 
FEMA's Community 
Disaster Loan 
Program 
 

 

 
Municipal services 
 

 

Provides operational funding for local governments to continue to 
operate after a substantial revenue loss caused by a disaster. 
 

 

Loan, Disaster Occurrence 
Required 
 

 

 
N/A 
 

 

 
After disaster 
 

5 years, 10 years 
with written request 
for extended 
payback schedule 

https://www.fema. 
gov/assistance/public/policy- 
guidance-fact- 
sheets/community-disaster-loan- 
program 

 

 
National Fish and Wildlife 
Foundation (NFWF) 
 

 
NFWF's Five Star and 
Urban Waters 
Restoration Grant 
Program 
 

 
Land management, 
Water Quality issues, 
Riparian and Coastal 
Habitats 
 

Funding is available to make linkages to municipal flood mitigation and 
stormwater programs in developed watersheds, improve urban water 
quality, restore riparian habitat and community forests, and increase 
public access to urban waterways. Projects must restore and/or create 
wetlands, coastal areas, or riparian areas. 

 

 

Grant 
 

 

50% federal funding, 
50% non-federal 
funding 
 

 

 

January 28, 2021 
 

 

 

N/A 
 

https://www.nfwf. 
org/programs/five-star-and- 
urban-waters-restoration-grant- 
program/five-star-and-urban- 
waters-restoration-grant- 
program-2021-request-proposals 

 

https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities
https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities
https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities
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https://www.fema.gov/grants/mitigation/hazard-mitigation
https://www.fema.gov/grants/mitigation/hazard-mitigation
https://www.fema.gov/grants/mitigation/hazard-mitigation
https://www.fema.gov/grants/mitigation/floods
https://www.fema.gov/grants/mitigation/floods
https://www.fema.gov/assistance/public/program-overview
https://www.fema.gov/assistance/public/program-overview
https://www.fema.gov/assistance/public/program-overview
https://www.fema.gov/floodplain-management/financial-help/increased-cost-compliance
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https://www.fema.gov/floodplain-management/financial-help/increased-cost-compliance
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Federal Mitigation Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 

 

National Fish and Wildlife 
Foundation (NFWF) 
 

 

 
NFWF's National 
Coastal Resilience 
Fund 
 

 

 

Critical infrastructure 
vulnerable to flooding 
 

Funding for small municipalities with critical infrastructure vulnerable to 
flooding, including hospitals and emergency routes. Funds are 
awarded to projects that restore and strengthen green infrastructure 
systems to protect coastal communities from the impacts of storms, 
floods, and other natural hazards and enable them to recover quickly, 
while also enhancing habitats for important fish and wildlife 
populations 

 

 

 
Grant 
 

 

 
50% federal funding, 
50% non-federal 
funding 
 

 

Pre-proposal due 
by April 7, 2021. 
Application due 
June 23, 2021. 
 

 

 

 
N/A 
 

 

 
https://resources.floodcoalition. 
org/storage/pdf/AFC_Federal_Fun 
ding_Finder_e57b2555.pdf 
 

 
National Oceanic and 
Atmospheric 
Administration (NOAA) 
 

 
NOAA's National 
Coastal Resilience 
Fund (NCRF) 
 

Municipal services, 
community critical 
infrastructure, coastal 
ecosystems 

The NCRF aims to benefit coastal communities by reducing the impact 
of coastal flooding and associated threats to property and key assets, 
such as hospitals and emergency routes; improving water quality and 
recreational opportunities; and enhancing the ecological integrity and 
functionality of coastal and inland ecosystems 

 

 
Grant 
 

 

 
N/A 
 

 

 
September 26, 2021 
 

 

 
2 years 
 

 
https://www.nfwf. 
org/programs/national-coastal- 
resilience-fund 
 

 

 
U.S. Army Corps of 
Engineers (USACE) 
 

 

USACE's Flood Risk 
Management 
Program (FRMP) 
 

 

Flood infrastructure, 
structure elevation, flood 
warning systems 
 

Studies with the mission of helping to reduce the risk of flood damage 
through the use of structural or non-structural methods or a 
combination of both. Outcome of study to provide recommendations 
for area on managing flood risk, with some outcomes potentially out of 
scope and authority for USACE. 

 

 

Technical Assistance 
 

65% federal funding, 
35% non-federal 
funding. Option for 
nonfederal to 
provision more for 
scope expansion. 

 
USACE to submit 
request to 
Congress to 
preform study 
 

 

 

N/A 
 

https://www.nws.usace.army. 
mil/Missions/Civil- 
Works/Programs-and- 
Projects/Authorities/Specifically- 
Authorized-Projects/Flood-Risk- 
Management/ 

 

 

 

U.S. Army Corps of 
Engineers (USACE) 
 

 

 

 
USACE's Floodplain 
Management Services 
Program 
 

 

Floodplain hazards, 
hurricane evacuation 
plans, flood damage 
reduction, stormwater 
management, 
floodproofing 
 

Corps of Engineers can provide the full range of technical services and 
planning guidance that is needed to support effective flood plain 
management. Upon request, general technical assistance efforts under 
this program includes determining site-specific data on obstructions to 
flood flows, flood formation, and timing; flood depths, stages or 
floodwater velocities; the extent, duration, and frequency of flooding; 
information on natural and cultural flood plain resources; and flood 
loss potentials before and after the use of flood plain management 
measures. 

 

 

 

 
Technical Assistance 
 

N/A. Requestor of 
study (e.g. state or 
local government) has 
option to provide 
additional 
contributions to 
expand scope of work 
or accelerate 
provision of services 

 
No deadline. 
Efforts begin after 
a state or local 
government 
request 
assistance from 
USACE. 
 

 

 

 

 
N/A 
 

 

 
https://www.nae.usace.army. 
mil/Missions/Public- 
Services/Flood-Plain- 
Management- 
Services/Management- 
Services/ 
 

 

 

U.S. Army Corps of 
Engineers (USACE) 
 

 

 

USACE's Rehabilitation 
Program 
 

 

 

Infrastructure damaged 
by disaster 
 

Under (PL84-99) USACE has the ability to provide rehabilitation 
assistance for flood risk management projects damaged during flood 
events. Through the voluntary Rehabilitation Program, USACE will assist 
in repairing levee systems and other flood risk management projects 
after a flood event if the projects meet the required eligibility criteria. 
Flood Risk Management Project must have been accepted into the 
Rehabilitation program prior to the onset of the flood to be eligible. 

 

 

Contractual Cost Sharing 
Technical Assistance 
 

 

 
80% federal funding, 
20% non-federal 
funding 
 

 

 
After Presidential 
Declaration of 
Major Disaster 
 

 

 

 
N/A 
 

 

https://www.mvp.usace.army. 
mil/Missions/Emergency- 
Management/Rehabilitation- 
Inspection/ 
 

 

 

 
U.S. Army Corps of 
Engineers (USACE) 
 

 

 

 
USACE's Watershed 
Management 
 

 

 

Planning studies focused 
on land and water 
resources 
 

Watershed management planning studies focus on the development, 
use, monitoring, regulation, and preservation of land and water 
resources within a specific watershed. A watershed study will develop a 
framework of implementation strategies and recommended actions 
that could be implemented throughout the watershed. Unlike other 
Corps of Engineers’ studies, these studies can often identify actions for 
watershed improvement that are beyond the scope and authority of 
the Corps of Engineers 

 

 

 

Technical Assistance 
 

 

 

50% federal funding, 
50% nonfederal 
funding 
 

 

 
USACE to submit 
request to 
Congress to 
preform study 
 

 

 

 

N/A 
 

 
https://www.nws.usace.army. 
mil/Missions/Civil- 
Works/Programs-and- 
Projects/Authorities/Specifically- 
Authorized-Projects/Watershed- 
Management/ 
 

 

 
U.S. Department of 
Agriculture (USDA) 
 

 

USDA's Environmental 
Quality Incentive 
Program (EQIP) 
 

 

Cropland, Rangeland, 
Non-Industrial Private 
Forestland 
 

Assists producers in recovering from natural disasters like floods, 
hurricanes, wildfires, and drought. Provides financial assistance to 
repair and prevent excessive soil erosion caused or impacted by 
natural disasters to promote conservation practices to protect land 
from erosion, support disaster recovery and repair, and mitigate loss 
from future natural disasters. 

 

 

Contractual Direct Payment 
 

75% federal funding, 
25% non-federal 
funding. Up to 90% 
federal funding for 
applicants deemed of 
limited resources 

 

 
Dictated by FSA 
County Office 
 

 

 

N/A 
 

 
https://www.nrcs.usda. 
gov/wps/portal/nrcs/detailfull/nati 
onal/programs/? 
cid=nrcseprd1361073 
 

 

https://resources.floodcoalition.org/storage/pdf/AFC_Federal_Funding_Finder_e57b2555.pdf
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Federal Mitigation Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 

 
U.S. Department of 
Agriculture (USDA) 
 

 

USDA's Emergency 
Conservation 
Program (ECP) 
 

 

 

Farmland 
 

Assistance to repair damage to farmlands caused by natural disasters 
and to help put in place methods for water conservation during severe 
drought. The ECP does this by giving ranchers and farmers funding and 
assistance to repair the damaged farmland or to install methods for 
water conservation. 

 

 

Contractual Direct Payment 
 

75% federal funding, 
25% non-federal 
funding. Up to 90% 
federal funding for 
applicants deemed of 
limited resources 

 

 
Dictated by FSA 
County Office 
 

 

 

N/A 
 

https://www.fsa.usda. 
gov/programs-and- 
services/conservation- 
programs/emergency- 
conservation/index 

 
U.S. Department of 
Agriculture (USDA) 
 

USDA's Landscape 
Scale Restoration 
(LSR) 

Watershed function, 
wildlife habitat, measure 
ecological and economic 
benefits 

The State and Private Forestry; Landscape Scale Restoration (LSR) 
competitive grant program funds collaborative, science-based 
restoration of priority rural forest landscapes, leverages public and 
private resources, and supports; State Forest Action Plans 

 

50/50 Cost-Sharing Grant 
 

50% federal funding, 
50% non-federal 
funding 

 

Nov 5, 2021 
 

 

N/A 
 

https://www.fs.usda. 
gov/naspf/topics/fire/volunteer- 
fire-assistance 

 

U.S. Department of 
Agriculture (USDA) 
 

 
USDA's Forrest Service 
(FS) Emergency 
Forest Restoration 
 

 
Lands damaged from 
natural disaster or severe 
drought 
 

 
Provides payments to eligible owners of nonindustrial private forest 
(NIPF) land in order to carry out emergency measures to restore land 
damaged by a natural disaster. 
 

 

 
Grant 
 

 
75-90% federal 
funding, 10-25% non- 
federal funding 
 

 

Dictated by FSA 
County Office 
 

 

 
N/A 
 

https://www.fsa.usda. 
gov/programs- and- 
services/disaster-assistance- 
program/emergency-forest- 
restoration/ 

 

 

 

 
U.S. Department of 
Agriculture (USDA) 
 

 

 

 

USDA's Watershed 
and Flood Protection 
Program 
 

 

 
Drainage improvement 
systems, Land treatment, 
Fish and Wildlife Habitat 
Development, Water 
Management, Water 
Quality Improvements 
 

 

 
Funds helps communities protect and restore watersheds through 
federal-state-local cooperative efforts to mitigate erosion, floodwater, 
and sediment damage, as well as to further watershed conservation. 
Small municipalities can use this program to receive financial and 
technical assistance for watershed protection, flood prevention, and 
water management efforts. 
 

 

 

 

 

Grant, Technical Assistance 
 

100% federal funding 
for flood damage 
protection; 50% 
federal funding and 
50% non-federal 
funding for wildlife 
habitat creation, 
drainage 
improvement projects, 
and public recreation. 

  

 

 

 

N/A 
 

 

 

 

https://www.nrcs.usda. 
gov/wps/portal/nrcs/main/natio
n 
al/programs/landscape/wfpo/ 
 

 

U.S. Department of Housing 
and Urban Development 
(HUD) 
 

 

HUD's CDBG-Disaster 
Recovery Program 
(CDBG-DR) 
 

 

Housing, public services, 
public facilities, 
economic development 
 

Congress may appropriate funds to HUD when there are significant 
unmet needs for long-term recovery from a major disaster. CDGB-DR 
efforts must address disaster-related recovery activities, meet a 
national objective of CDBG, or be CDBG eligible. Funds can be used 
for disaster relief, long-term recover, restoration of infrastructure, 
housing, or economic revitalization. 

 

Grant, Disaster Occurrence 
Required, Disaster 
Designation Required 
 

 

 

N/A 
 

 

After Presidential 
Declaration of 
Major Disaster 
 

 

 

Case by case basis 
 

 

 
https://www.hudexchange. 
info/prog rams/cdbg-dr/ 
 

 

 

U.S. Department of Housing 
and Urban Development 
(HUD) 
 

 

 

HUD's CDBG- 
Mitigation Program 
(CDBG- MIT) 
 

 

 

 
Capacity building, public 
services 
 

Enables grantees to mitigate against disaster risks, while at the same 
time allowing grantees the opportunity to transform state and local 
planning. Grantees are required to reference applicable FEMA Hazard 
Mitigation Plans (HMP) in their action plan and describe how the 
HMP has informed the CDBG- MIT action plan. Grantees may also use 
these funds for planning activities, including but not limited to 
regional mitigation planning, the integration of mitigation plans with 
other planning initiatives, activities related to FEMA’s Pre- Disaster 
Mitigation. 

 

 

Grant, Disaster Occurrence 
Required, Disaster 
Designation Required 
 

 

 

 

N/A 
 

 

 

After Presidential 
Declaration of 
Major Disaster 
 

 

 

 

Case by case basis 
 

 

 

 
https://www.hudexchange. 
info/prog rams/cdbg-mit/ 
 

 

 
U.S. Department of 
Transportation (U.S. DOT) 
 

 

 
U.S. DOT's PROTECT 
Discretionary Grants 
 

 

 
Transportation 
infrastructure 
 

 

Enables States to improve the resiliency of transportation infrastructure 
through resilience improvement grants, community resilience and 
evacuation route grants, and at-risk coastal infrastructure grants. 
 

 

 

Grant 
 

 

 

TBD 
 

 

 

TBD 
 

 

 

TBD 
 

page 36 of https://policy. 
transportation.org/wp- 
content/uploads/sites/59/2021/0
9 
/2021-09-15-AASHTO- 
Comprehensive-Analysis-of-IIJA- 
FINAL.pdf 

 

https://www.fsa.usda.gov/programs-and-services/conservation-programs/emergency-conservation/index
https://www.fsa.usda.gov/programs-and-services/conservation-programs/emergency-conservation/index
https://www.fsa.usda.gov/programs-and-services/conservation-programs/emergency-conservation/index
https://www.fsa.usda.gov/programs-and-services/conservation-programs/emergency-conservation/index
https://www.fsa.usda.gov/programs-and-services/conservation-programs/emergency-conservation/index
https://www.fs.usda.gov/naspf/topics/fire/volunteer-fire-assistance
https://www.fs.usda.gov/naspf/topics/fire/volunteer-fire-assistance
https://www.fs.usda.gov/naspf/topics/fire/volunteer-fire-assistance
https://www.fsa.usda.gov/programs-%20and-services/disaster-assistance-%20program/emergency-forest-restoration/
https://www.fsa.usda.gov/programs-%20and-services/disaster-assistance-%20program/emergency-forest-restoration/
https://www.fsa.usda.gov/programs-%20and-services/disaster-assistance-%20program/emergency-forest-restoration/
https://www.fsa.usda.gov/programs-%20and-services/disaster-assistance-%20program/emergency-forest-restoration/
https://www.fsa.usda.gov/programs-%20and-services/disaster-assistance-%20program/emergency-forest-restoration/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
https://www.hudexchange.info/prog%20rams/cdbg-dr/
https://www.hudexchange.info/prog%20rams/cdbg-dr/
https://www.hudexchange.info/prog%20rams/cdbg-mit/
https://www.hudexchange.info/prog%20rams/cdbg-mit/


 

Federal Mitigation Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 

 

 
U.S. Department of 
Transportation (U.S. DOT) 
 

 

 

 
U.S. DOT's RAISE 
Discretionary Grants 
 

 

 

 
Transportation 
infrastructure 
 

Funds that aim at funding transportation projects that create high- 
quality jobs, improve safety, protect our environment, and generate 
equitable economic 
opportunity for all Americans. Projects evaluated on safety, 
environmental sustainability, economic competitiveness, quality of 
live, partnership. Projects that demonstrate improvement to racial 
equity, mitigate climate change impacts and create good-paying jobs 
will be prioritized. Grants can also be obtained for planning grants. 

 

 

 

Grant 
 

 
80% federal funding, 
20% non-federal 
funding for urban 
areas; Up to 100% 
federal funding for 
rural areas. 
 

 

 

 
FY 2021: July 12, 
2021 
 

  

 

 
https://www.transportation. 
gov/RAISEgrants 
 

 

 

U.S. Economic Development 
Administration (EDA) 
 

 

EDA's Economic 
Adjustment 
Assistance (EAA) 
Program 
 

 

 

Public works, economic 
development 
 

Funding supports distressed communities experiencing adverse 
economic changes that may result from industrial or corporate 
restructuring, new Federal laws or requirements, reduction in defense 
expenditures, depletion of natural resources, or natural disaster. 
Economic Adjustment Assistance grants are intended to enhance a 
distressed community's ability to compete economically by stimulating 
private investment in targeted areas. 

 

 

Grant, Technical Assistance 
Available 
 

 

 
80% federal funding, 
20% non-federal 
funding 
 

 

 

 
March 31, 2022 
 

 

 

 
N/A 
 

 

 

https://eda.gov/arpa/economic- 
adjustment-assistance/faq/ 
 

 

https://www.transportation.gov/RAISEgrants
https://www.transportation.gov/RAISEgrants
https://eda.gov/arpa/economic-adjustment-assistance/faq/
https://eda.gov/arpa/economic-adjustment-assistance/faq/


 

Locally and Privately Sponsored Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 

SC Forestry Commission 
 

Urban and 
Community Forestry 
Funding 

 
Planning, Land 
Management 
 

To fund and offer technical assistance for local Counties and 
municipalities who want to improve the condition of urban or 
community forestry. 

 

Technical Assistance, Grant 
 

 
80% SCFC funding; 
20% non-SCFC funding 
 

Nov. 19, 2021 for 
pre-application; 
Jan. 2022 for full 
application 

Project must be 
complete within 12 
months of grant 
funding. 

 
https://www.state.sc. 
us/forest/urbangr.htm 
 

 

 
 

Community Foundation for 
the Lowcountry 
 

 

 

 
Impact Grants 
 

 

 

 
Community Infrastructure 
 

Competitive grants designed to stimulate and help launch new 
programs and projects; help focus, enhance and/or expand an 
organization’s existing programs and services; or as an investment in a 
large capital project which is a critical enhancement to the mission of 
the nonprofit organization. These grants focus on community impact 
and give preference to projects or programs that support marginalized 
members of the communities we serve. 

 

 

 
Grant 
 

 

 

 
N/A 
 

 

 
October 1, 2021. (2 
application cycles 
per year) 
 

 

 

 
N/A 
 

 

 
https://cf-lowcountry. 
org/nonprofits-and- 
grantees/about-our-grants 
 

Beaufort County 
Transportation Committee 
(CTC) 

 
State "C" Program 
 

 
Transportation Projects 
 

State "C" program is a partnership between SCDOT and the Beaufort 
County CTC to fund local transportation projects and improvements 
using funds from the State's gasoline tax. 

 
Grant 
 

 
N/A 
 

 
N/A 
 

 
https://www.scdot.org/projects/c
- program.aspx 

 

 

 

Beaufort County 
 

 

 

 

Local Option Sales Tax 
 

 

 

 

Community Infrastructure 
 

A 1-cent sales tax that is to be voted on by Beaufort County residents 
on November 2nd, 2021. The proposed sales tax would reduce property 
taxes and provide additional funds to municipalities for locally directed 
investment. Each City has different priorities for what they would do 
with the money - the City of Beaufort would use the revenue to fund 
stormwater projects, street & sidewalk improvements, parks 
improvement, and the accommodation to climate and sea-level 
changes. 

 

 

 

Fund 
 

 

 

 

N/A 
 

 

 
 

No application. 
County to choose 
project. 
 

 

 

 

N/A 
 

 

 

 
https://boostourcommunities. 
com/ 
 

 
Beaufort County 
 

Beaufort County's One 
Cent Sales Tax 
Program 

Transportation 
Infrastructure, 
Community Infrastructure 

A 1% sales tax increase for Beaufort County that went into effect on May 
1, 2019 in order to fund large-scale transportation projects, including 
traffic improvements, sidewalks, and multi-use paths. 

 
Fund 
 

 
N/A 
 

No application. 
County to choose 
project. 

 
N/A 
 

https://beaufortcountypenny. 
com/projects/ 

 
Coastal Community 
Foundation 
 

 

Beaufort Fund 
 

 

N/A 
 

 
To fund non-profits in the Southern Lowcountry for projects that 
improve the quality of life in the coastal Lowcountry. 
 

 

Grant 
 

 

N/A 
 

 

June 1 
 

 

N/A 
 

https: 
//coastalcommunityfoundation. 
org/competitive-grants/the- 
beaufort-fund/ 

Insurance Industry 
Charitable Foundation 

Southeast Division 
Grant 

Disaster Preparedness 
and Relief 

A fund to empower non-profits help communities and enrich lives, 
especially in the areas of Disaster Preparedness and Relief. Grant N/A 

Proposal by 
invitation only. N/A https://www.iicf.org/ 

 

 
State of South Carolina 
 

 

 
Guideshare 
 

 
 

Transportation 
Infrastructure 
 

Funds are distributed by the state to the MPOs to fund long range 
transportation plans that support the economic viability of the 
metropolitan area, increase the safety and security of the 
transportation program, improve the resiliency of the transportation 
system, and protect the local environment. 

 

 
Grant 
 

 
 

80% state funding; 20% 
non-state funding 
 

 
 

Annual cycle; no 
need to apply. 
 

 

 
N/A 
 

 
https://drive.google. 
com/file/d/1PVc3P2_HqETw6r9oS
3 vzUgf0wOS-
Uijb/view?usp=sharing 
 

 

Turner Foundation 
 

Land and Water 
Conservation 
Program 

Land and Water 
resources, Sustainable 
Aquaculture, Natural 
Infrastructure 

To support efforts for conserving land to protect and restore wildlife 
diversity; catalyzing the transition to a clean energy future; and 
protecting and restoring water resources for people and nature. 

 

Grant 
 

 

N/A 
 

 
Invitation only 
foundation 
 

 

N/A 
 

 
http://turnerfoundation. 
org/passions/water/ 
 

 
 

Gaylord and Dorothy 
Donnelly Foundation 
 

 
 

Land Conservation 
Grants 
 

 
Land conservation, 
natural resource 
conservation 
 

Supporting land conservation, artistic vitality, and regional collections 
for the people of the Chicago region and the Lowcountry of South 
Carolina. Grants in the Lowcountry are offered for general operations, 
technical assistance, program-related investments that lead to 
landscape-scale land preservation and stewardship. 

 

 
Grant 
 

 

 
N/A 
 

 

 
July 21, 2021 
 

 

 
N/A 
 

 

 
https://gddf.org/grantees/ 
 

 
PEW Charitable Trusts 
 

 
Coastal Habitat Grant 
 

Coastal Habitat 
(Oysters, Marsh lands) 

To support nearshore habitats that host abundant marine life and 
support the economic vitality of coastal communities across the United 
States. 

 
Grant, Technical Assistance 
 

 
N/A 
 

 
Invitation only 
 

 
N/A 
 

https://www.pewtrusts. 
org/en/projects/conserving- 
marine-life-in-the-united-states 

 

https://www.state.sc.us/forest/urbangr.htm
https://www.state.sc.us/forest/urbangr.htm
https://cf-lowcountry.org/nonprofits-and-grantees/about-our-grants
https://cf-lowcountry.org/nonprofits-and-grantees/about-our-grants
https://cf-lowcountry.org/nonprofits-and-grantees/about-our-grants
https://www.scdot.org/projects/c-program.aspx
https://www.scdot.org/projects/c-program.aspx
https://www.scdot.org/projects/c-program.aspx
https://boostourcommunities.com/
https://boostourcommunities.com/
https://beaufortcountypenny.com/projects/
https://beaufortcountypenny.com/projects/
https://coastalcommunityfoundation.org/competitive-grants/the-beaufort-fund/
https://coastalcommunityfoundation.org/competitive-grants/the-beaufort-fund/
https://coastalcommunityfoundation.org/competitive-grants/the-beaufort-fund/
https://coastalcommunityfoundation.org/competitive-grants/the-beaufort-fund/
https://www.iicf.org/
https://drive.google.com/file/d/1PVc3P2_HqETw6r9oS3vzUgf0wOS-Uijb/view?usp=sharing
https://drive.google.com/file/d/1PVc3P2_HqETw6r9oS3vzUgf0wOS-Uijb/view?usp=sharing
https://drive.google.com/file/d/1PVc3P2_HqETw6r9oS3vzUgf0wOS-Uijb/view?usp=sharing
https://drive.google.com/file/d/1PVc3P2_HqETw6r9oS3vzUgf0wOS-Uijb/view?usp=sharing
https://drive.google.com/file/d/1PVc3P2_HqETw6r9oS3vzUgf0wOS-Uijb/view?usp=sharing
http://turnerfoundation.org/passions/water/
http://turnerfoundation.org/passions/water/
https://gddf.org/grantees/
https://www.pewtrusts.org/en/projects/conserving-marine-life-in-the-united-states
https://www.pewtrusts.org/en/projects/conserving-marine-life-in-the-united-states
https://www.pewtrusts.org/en/projects/conserving-marine-life-in-the-united-states


 

Locally and Privately Sponsored Funding Sources 
 

Agency 
 

Program 
Infrastructure 

Type 
 

Purpose of Fund 
 

Assistance 
Matching 

Requirements 
Application 

Deadline 
Timing 

Requirements 
 

Link 
 
 

Port Royal Sound 
Foundation 
 

 
 

Research Grants 
Program 
 

Natural Infrastructure 
Research and 
Conservation (Sound, 
Ecosystem, 
Surrounding Lands and 
Watersheds) 

To provide direct or matching funding to researchers that increases 
knowledge, awareness, and appreciation of the Port Royal Sound and 
the life within it with ultimate goal of supporting the environmental, 
cultural, and economic well-being of our area. 

 

 
Grant 
 

 
 

Matching is possible, 
but not required 
 

 

December 31, 2021 
at 5 PM 
 

 
Project must be 
complete within 1 year 
of funding 
 

 
https://drive.google. 
com/file/d/104gL011p3grGLhEV6gxb 
zRWayfZS-E8d/view?usp=sharing 
 

 

https://drive.google.com/file/d/104gL011p3grGLhEV6gxbzRWayfZS-E8d/view?usp=sharing
https://drive.google.com/file/d/104gL011p3grGLhEV6gxbzRWayfZS-E8d/view?usp=sharing
https://drive.google.com/file/d/104gL011p3grGLhEV6gxbzRWayfZS-E8d/view?usp=sharing


 
APPENDIX E: List of Identified Projects 

 

Strategy or Project Title 
Latitude 

(Address) 
 

Longitude 

PHYSICAL UTILITIES 
Lift Station - LUCITY_IDBR22 32°13'55.07"N 80°48'41.80"W 
Lift Station - LUCITY_IDROG45 32°13'35.71"N 80°48'35.66"W 
Lift Station - LUCITY_IDROG46 32°13'35.71"N 80°48'35.66"W 
Lift Station - LUCITY_IDROG47 32°13'35.71"N 80°48'35.66"W 
Lift Station - LUCITY_IDROG48 32°13'35.71"N 80°48'35.66"W 
Lift Station - LUCITY_IDROG126 32°14'0.00"N 80°48'10.39"W 
Lift Station - LUCITY_IDROG127 32°14'0.00"N 80°48'10.39"W 
Lift Station - LUCITY_IDROG128 32°14'0.00"N 80°48'10.39"W 
Lift Station - LUCITY_IDROG129 32°14'0.00"N 80°48'10.39"W 
Lift Station - LUCITY_IDSH08 32°24'58.90"N 80°35'28.68"W 
Lift Station - LUCITY_IDPI14 32°20'9.94"N 80°42'20.93"W 
Lift Station - LUCITY_IDSP01 32°23'9.42"N 80°44'4.14"W 

Lift Station - LUCITY_IDPI25 32°19'42.67"N 80°40'49.48"W 
Lift Station - LUCITY_IDPB08 32°13'16.61"N 80°52'57.72"W 
Lift Station - LUCITY_IDROG332 32°13'58.85"N 80°52'35.29"W 
Lift Station - LUCITY_IDROG331 32°13'56.32"N 80°52'33.07"W 
Lift Station - LUCITY_IDBR40 32°13'54.51"N 80°52'1.43"W 
Lift Station - LUCITY_IDCP59 32°14'23.67"N 80°55'26.03"W 
Lift Station - LUCITY_IDCP24 32°19'44.78"N 80°54'12.60"W 
Lift Station - LUCITY_IDCP23 32°19'40.31"N 80°54'19.92"W 

Lift Station - LUCITY_IDPK02 32°31'47.73"N 80°52'14.84"W 
Lift Station - LUCITY_IDPK01 32°31'54.63"N 80°52'12.43"W 
Warsaw Island Sewer Extension   

Horse Island Sewer Extension   

Brighton Beach Sewer Extension   

   

PHYSICAL TRANSPORTATION 
Ladys Island Drive (Hwy 21) 32°23'51.28"N 80°39'45.78"W 
Ribaut Road (Hwy 21) 32°22'56.92"N 80°42'18.86"W 
Malecon Drive (Causeway Entrances) 32°22'6.31"N 80°42'53.91"W 
Sea Island Parkway - 2.5 miles (Hwy 21) 32°24'3.32"N 80°37'28.32"W 
Okatie Highway - 2.2 miles (Hwy 170) 32°22'20.81"N 80°51'4.50"W 
Sea Island Parkway - 4 miles (Hwy 21) 32°24'8.67"N 80°26'52.15"W 
Trask Parkway - 0.5 miles (Hwy 21) 32°26'49.95"N 80°43'47.77"W 
Parris Island Gateway (Hwy 21) 32°24'0.41"N 80°44'15.99"W 
Parris Island Gateway (Hwy 21) 32°24'59.14"N 80°43'50.94"W 
Military Community Roadway 
Innundation (930 acres) 

 
32°28'18.11"N 

 
80°40'43.88"W 

Trask Parkway - 0.8 miles (Hwy 21) 32°30'18.27"N 80°44'42.31"W 
Trask Parkway - 1 mile (Hwy 21) 32°32'21.60"N 80°44'43.87"W 
Trask Parkway - 0.5 miles (Hwy 17 and 
21) 

 

32°35'59.49"N 
 

80°46'27.04"W 
Trask Parkway - 0.25 miles (Hwy 21) 32°35'50.38"N 80°45'20.89"W 
Ladys Island Drive (Hwy 21) - Causeway 
Entrance 

 
32°23'36.83"N 

 
80°40'0.83"W 

Sea Island Parkway (Hwy 21) 32°23'52.64"N 80°35'53.12"W 
Brickyard Point Road N - 0.36 miles 32°28'57.85"N 80°39'17.34"W 
Sea Island Parkway (Hwy 21) - 0.4 miles 32°23'58.35"N 80°32'22.19"W 
Sea Island Parkway (Hwy 21) - 0.3 miles 32°24'49.41"N 80°30'2.47"W 
Critical Intersection of Hwy 17 and Hwy 21 
(Kings Hwy, Trask Parkway, Castle Hall 
Road) 

 

 
32°38'28.21"N 

 

 
80°51'10.55"W 

Trask Parkway - 0.4 miles (Hwy 21) 32°37'26.65"N 80°49'32.71"W 

Hwy 21 - 0.2 miles 32°40'8.98"N 80°51'14.34"W 
Sea Island Parkway (Hwy 21) - 
Causeway Entrance to Woods Memorial 
Bridge 

 

 
32°25'25.96"N 

 

 
80°40'5.18"W 

Ace Basin Parkway (Hwy 17) - 3.9 miles 32°39'1.41"N 80°41'20.68"W 

 

Strategy or Project Title 
Latitude 

(Address) 
 

Longitude 

PHYSICAL UTILITIES 
Sewer Infrastructure   

Lift Station - LUCITY_IDPI38 32°20'9.22"N 80°42'33.04"W 
Lift Station - LUCITY_IDPI37 32°20'14.49"N 80°42'26.37"W 
Lift Station - LUCITY_IDPI36 32°20'20.76"N 80°42'19.25"W 
Lift Station - LUCITY_IDPI02 32°20'39.88"N 80°40'35.98"W 
Lift Station - LUCITY_IDPI01 32°21'10.53"N 80°40'38.79"W 
Lift Station - LUCITY_IDPI41 32°21'5.30"N 80°40'45.21"W 
Lift Station - LUCITY_IDPI16 32°20'15.61"N 80°41'55.55"W 
Lift Station - LUCITY_IDSS03 32°24'21.11"N 80°41'42.42"W 
Lift Station - LUCITY_IDSP38 32°23'12.25"N 80°45'22.84"W 
Lift Station - LUCITY_IDSS02 32°23'19.53"N 80°42'20.37"W 
Lift Station - LUCITY_IDROG205 32°24'30.35"N 80°38'41.90"W 

Lift Station - LUCITY_ID ROG206 32°24'30.35"N 80°38'41.90"W 
Lift Station - LUCITY_IDSH43 32°24'25.40"N 80°38'47.03"W 
Lift Station - LUCITY_IDROG107 32°24'17.47"N 80°38'17.35"W 
Lift Station - LUCITY_ID ROG108 32°24'17.47"N 80°38'17.35"W 
Lift Station - LUCITY_ID ROG109 32°24'17.47"N 80°38'17.35"W 
Lift Station - LUCITY_ID ROG110 32°24'17.47"N 80°38'17.35"W 
Lift Station - LUCITY_IDSH51 32°24'24.48"N 80°38'1.34"W 
Lift Station - LUCITY_IDSH28 32°24'39.30"N 80°38'41.69"W 

Lift Station - LUCITY_IDSS11 32°26'11.15"N 80°41'44.29"W 
Lift Station - LUCITY_IDSS15 32°26'41.56"N 80°41'8.96"W 
Lift Station - LUCITY_IDSS10 32°26'11.38"N 80°41'22.33"W 

Lift Station - LUCITY_IDSH40 32°23'17.77"N 80°38'22.22"W 
Lift Station - LUCITY_IDROG343 32°23'48.90"N 80°36'32.12"W 
Lift Station - LUCITY_IDSH55 32°23'32.86"N 80°34'31.96"W 

Lift Station - LUCITY_IDROG72 32°23'26.97"N 80°34'35.13"W 
Lift Station - LUCITY_IDSH12 32°25'9.78"N 80°34'6.95"W 
Lift Station - LUCITY_IDSH09 32°24'52.95"N 80°35'19.76"W 
Lift Station - LUCITY_IDROG49 32°24'20.05"N 80°34'55.80"W 
Lift Station - LUCITY_IDSH01 32°26'18.76"N 80°34'52.93"W 
Lift Station - LUCITY_IDSH26 32°23'39.30"N 80°37'38.15"W 
Lift Station - LUCITY_ID ROG178 32°22'6.36"N 80°50'7.55"W 
Lift Station - LUCITY_IDROG28 32°22'11.80"N 80°50'9.10"W 
Lift Station - LUCITY_IDROG29 32°22'5.23"N 80°50'6.72"W 
Lift Station - LUCITY_IDROG203 32°22'9.32"N 80°50'8.07"W 

 

Lift Station - LUCITY_ID ROG112 
 

32°22'11.47"N 
 

80°50'8.40"W 
Lift Station - LUCITY_IDROG350 32°22'11.80"N 80°50'9.10"W 
Lift Station - LUCITY_IDROG30 32°22'18.43"N 80°50'11.67"W 

 

Lift Station - LUCITY_IDROG113 
 

32°22'18.43"N 
 

80°50'11.67"W 
Lift Station - LUCITY_IDROG70 32°19'4.30"N 80°54'39.08"W 

 
Lift Station - LUCITY_ID ROG71 

 
32°19'4.30"N 

 
80°54'39.08"W 

Lift Station - LUCITY_IDROG99 32°19'5.01"N 80°54'32.68"W 
Lift Station - LUCITY_IDRH05 32°17'51.21"N 80°52'20.75"W 
Lift Station -LUCITY_IDRH08 32°17'41.92"N 80°52'2.61"W 
Lift Station - LUCITY_IDRH23 32°17'46.86"N 80°51'38.40"W 

 

 
Lift Station - LUCITY_IDROG217 

 

 
32°13'0.84"N 

 

 
80°50'51.06"W 

Lift Station - LUCITY_IDROG08 32°13'1.73"N 80°50'51.57"W 
Lift Station - LUCITY_IDROG352 32°12'59.51"N 80°50'52.69"W 

 

Strategy or Project Title 
Latitude 

(Address) 
 

Longitude 

COMMUNITY 
Nat. Registry of Historic Places 32°18'55.87"N 80°38'38.73"W 
Nat. Registry of Historic Places 32°18'30.68"N 80°38'37.95"W 
Nat. Registry of Historic Places 32°18'19.72"N 80°38'35.58"W 
Nat. Registry of Historic Places 32°25'54.86"N 80°40'28.24"W 
Nat. Registry of Historic Places 32°25'56.13"N 80°40'32.35"W 
Nat. Registry of Historic Places 32°25'56.86"N 80°40'35.31"W 
Nat. Registry of Historic Places 32°13'51.93"N 80°51'50.54"W 
Community Preservation District - 58 acres 32°25'46.32"N 80°37'45.65"W 
Community Preservation District - 108 acres 32°34'31.60"N 80°40'29.37"W 
Community Preservation District - 531 acres 32°33'13.40"N 80°41'5.06"W 
Community Preservation District - 346 acres 32°33'53.89"N 80°41'53.58"W 
Community Preservation District - 26 acres 32°24'11.95"N 80°39'17.86"W 

Community Preservation District - 84.5 acres 32°24'15.82"N 80°38'54.88"W 
Community Preservation District - 23 acres 32°35'36.16"N 80°48'24.47"W 
Community Preservation District - 14.5 acres 32°36'45.24"N 80°48'2.53"W 
Community Preservation District - 116 acres 32°32'58.49"N 80°42'57.30"W 
Community Preservation District - 14.5 acres 32°32'51.79"N 80°42'10.90"W 
Community Preservation District - 13 acres 32°32'41.86"N 80°43'6.23"W 
Community Preservation District - 32 acres 32°14'8.07"N 80°56'29.61"W 
Community Preservation District - 20 acres 32°14'2.89"N 80°52'41.24"W 

Community Preservation District - 5 acres 32°13'56.04"N 80°52'58.59"W 
Community Preservation District - 17.5 acres 32°23'57.15"N 80°40'6.75"W 
Community Preservation District - 12.5 acres 32°24'23.98"N 80°38'41.11"W 

PHYSICAL UTILITIES 
Power Infrastructure   

Hilton Head Gas Turbine Site 32°12'31.61"N 80°41'54.78"W 
 

Power Substation - TAP154223 
 

32°14'7.66"N 
 

80°48'13.40"W 

Power Substation - DEADEND167380 32°13'58.11"N 80°47'50.05"W 

Power Substation - UNKNOWN123225 32°12'20.02"N 80°42'2.66"W 

Power Substation - RISER162029 32°23'36.24"N 80°40'0.26"W 

Power Substation - TAP170071 32°14'7.78"N 80°48'12.08"W 

Power Substation - RISER154168 32°26'42.99"N 80°39'23.16"W 

Sewer Infrastructure   

Lift Station - LUCITY_ID ROG335 32°30'30.42"N 80°44'46.37"W 
Lift Station - LUCITY_ID SH11 32°24'1.52"N 80°34'36.46"W 
St. Helena WWTP - Activated Sludge 32°24'1.52"N 80°34'36.46"W 

 
Lift Station - LUCITY_ID SP16 

 

32°30'20.86"N 

 
80°44'40.69"W 

Lift Station - LUCITY_ID SH23 32°21'35.51"N 80°39'19.19"W 
Lift Station - LUCITY_ID SP26 32°26'41.88"N 80°43'32.89"W 

 

Lift Station - LUCITY_IDSP28 
 

32°26'52.05"N 
 

80°43'45.17"W 
Lift Station - LUCITY_IDSS25 32°22'54.44"N 80°41'4.13"W 

 

Lift Station - LUCITY_IDSS01 
 

32°23'44.54"N 
 

80°41'58.48"W 
Lift Station - LUCITY_IDSP40 32°24'9.44"N 80°43'4.63"W 
Lift Station - LUCITY_IDSP27 32°24'13.28"N 80°42'53.86"W 
Lift Station - LUCITY_IDSP21 32°24'23.48"N 80°42'43.30"W 
Lift Station - LUCITY_IDSP22 32°24'28.24"N 80°42'37.35"W 

 

 
Lift Station - LUCITY_IDSS28 

 

 
32°24'57.94"N 

 

 
80°41'35.15"W 

Lift Station - LUCITY_IDSS07 32°25'9.64"N 80°41'24.00"W 

Lift Station - LUCITY_IDROG61 32°26'45.83"N 80°44'38.47"W 
 

 
Lift Station - LUCITY_IDSP57 

 

 
32°23'26.27"N 

 

 
80°46'28.05"W 

Lift Station - LUCITY_IDSS23 32°22'26.58"N 80°41'25.88"W 
Lift Station - LUCITY_IDPI33 32°19'42.09"N 80°41'43.56"W 
Lift Station - LUCITY_IDPI22 32°20'21.79"N 80°42'33.49"W 
   

 

Strategy or Project Title 
Latitude 

(Address) 
 

Longitude 

NATURAL 
Marsh / Wetland Zone - 1,634 acres 32°24'41.38"N 80°36'39.68"W 
Marsh / Wetland Zone - 1,933 acres 32°24'41.68"N 80°36'39.82"W 
Marsh / Wetland Zone - 654 acres 32°28'31.54"N 80°36'15.04"W 
Marsh / Wetland Zone - 6,955 acres 32°14'53.18"N 80°46'44.68"W 
Marsh / Wetland Zone - 609 acres 32°22'12.68"N 80°50'34.49"W 
Marsh / Wetland Zone - 823 acres 32°23'50.34"N 80°46'28.49"W 
Marsh / Wetland Zone - 308 acres 32°22'51.94"N 80°42'40.05"W 
Marsh / Wetland Zone - 425 acres 32°24'51.13"N 80°37'59.36"W 
Marsh / Wetland Zone - 485 acres 32°24'28.46"N 80°28'28.50"W 
Marsh / Wetland Zone - 262 acres 32°26'5.25"N 80°28'52.81"W 
Marsh / Wetland Zone - 6,955 acres 32°14'53.18"N 80°46'44.68"W 
   

ECONOMY 
Lady's Island Star Magnolia Subdivision 32°26'43.0"N 80°38'07.7"W 

Brays Island 32°34'6.55"N 80°49'47.85"W 

Laurel Bay 32°27'13.2"N 80°45'26.1"W 

Habersham 32°25'18.53"N 80°46'21.51"W 

Dataw Island 32°25'49.12"N 80°35'1.20"W 

Bluffton (especially near Oscar Frazier Park) 32°15'3.62"N 80°52'2.82"W 

Sun City, Bluffton 32°17'44.7"N 80°57'19.6"W 

COMMUNITY 
Rural and Critical Land - 6,726 acres 32°31'39.51"N 80°38'0.52"W 
Rural and Critical Land - 455 acres 32°31'39.53"N 80°37'54.26"W 

Rural and Critical Land - 33 acres 32°35'54.78"N 80°45'16.63"W 
Rural and Critical Land - 515 acres 32°37'23.16"N 80°50'39.29"W 
Rural and Critical Land - 550 acres 32°22'15.78"N 80°48'42.82"W 

Rural and Critical Land - 31 acres 32°19'35.68"N 80°54'47.04"W 
Rural and Critical Land - 143 acres 32°22'8.12"N 80°50'20.42"W 
Rural and Critical Land - 56.6 acres 32°21'53.38"N 80°51'40.35"W 
Rural and Critical Land - 22.4 acres 32°18'58.73"N 80°55'37.94"W 
Rural and Critical Land - 125 acres 32°17'5.54"N 80°55'50.16"W 
Rural and Critical Land - 20.5 acres 32°13'59.24"N 80°53'21.69"W 
Rural and Critical Land - 9 acres 32°13'19.04"N 80°50'43.78"W 
Rural and Critical Land - 116 acres 32°17'37.66"N 80°38'9.40"W 
Rural and Critical Land - 118 acres 32°19'53.76"N 80°36'27.02"W 
Rural and Critical Land - 102 acres 32°24'27.33"N 80°33'41.14"W 

 
Rural and Critical Land - 41 acres 

 
32°20'42.49"N 

 
80°37'31.92"W 

Rural and Critical Land - 79 acres 32°21'48.19"N 80°36'39.79"W 
Rural and Critical Land - 93 acres 32°21'47.74"N 80°36'39.56"W 

 

Rural and Critical Land - 34 acres 
 

32°22'27.29"N 
 

80°36'1.32"W 
Rural and Critical Land - 8.5 acres 32°22'28.03"N 80°35'21.88"W 

 

Rural and Critical Land - 16.4 acres 
 

32°22'46.19"N 
 

80°35'13.59"W 
Rural and Critical Land - 30.5 acres 32°29'16.87"N 80°39'32.83"W 
Rural and Critical Land - 54 acres 32°13'0.04"N 80°48'38.50"W 
Beaufort Historic District - 375 acres 32°26'7.18"N 80°40'23.63"W 
Nat. Registry of Historic Places 32°25'55.57"N 80°40'5.54"W 

 

 
Nat. Registry of Historic Places 

 

 
32°26'3.61"N 

 

 
80°40'5.74"W 

Nat. Registry of Historic Places 32°25'58.95"N 80°39'55.43"W 

Nat. Registry of Historic Places 32°23'22.10"N 80°37'12.24"W 
 

 
Nat. Registry of Historic Places 

 

 
32°22'12.59"N 

 

 
80°36'14.71"W 

Nat. Registry of Historic Places 32°23'28.16"N 80°36'14.66"W 
Nat. Registry of Historic Places 32°23'47.54"N 80°34'43.22"W 

Nat. Registry of Historic Places 32°25'45.61"N 80°33'37.99"W 
Nat. Registry of Historic Places 32°21'1.39"N 80°34'11.90"W 
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PILOT PROJECTS TO ANALYZE

Pilot Project 1 (Urban)
Shellpoint US 21 Interchange

Pilot Project 2 (Suburban)
Ladys Island Star Magnolia 

Subdivision

Pilot Project 3 (Rural)
St Helena WWTP Shallow Coastal Flooding due to King Tide on Nov. 5, 2021 was predicted before the event using USACE data during MIRR Process. 

Modeled extents of flooding corroborated after the fact with photos from local residents and stakeholders.

https://www.google.com/maps/d/u/0/edit?mid=1bU_2o0c1UnYxBTBf07Zq3vUHEyFYB-XJ&ll=32.435702757962716%2C-80.67601730178433&z=16


Pilot Exposure Matrix

Military Asset 
or Service

Community 
Asset or 
Service

Sunny Day 
Flood Storm Surge Matthew 

Extents Pluvial Flood Marsh Loss Erosion 
Hotspots

Water and 
Sewer 

Threats

Urban:

Shellpoint US 21 
Interchange

Evacuation 
Route and 
Parris Island 
Access

Evacuation 
Route X X X X X X

Suburban:

Ladys Island 
Star Magnolia 

Subdivision

Military 
Housing 
Threats

Sewer Lift 
Station X X X X X X

Rural:

St Helena WWTP
Potable Water 
withdrawals

Wastewater 
treatment and 
Non-potable 
irrigation

X X X X X



42025 2040

Storm Surge Sunny Day Flooding



52040

Hurricane Matthew Extents Compound Flooding Hazard
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Projected Marsh LossPluvial Flooding

NOTE: The accuracy for pluvial flood model is bound to the coastal side of major highways. 
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Erosion Hot Spots
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Objectives
● Stabilize Shoreline
● Mitigate Tidal Impacts
● Improve Stormwater Storage
● Improve Emergency and Day 

to day access

Pilot Project 1
Urban Typology:

Shellpoint US 21 Interchange

Coastal Erosion

Marsh Loss

Compound Coastal Flood

Pluvial Flood

Stormwater Piping

Legend

MIRR
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● Shoreline Stabilization: Mitigate 
eroding edge of marsh and 
promote natural resilience of 
marsh to risks associated with 
tides, storms, and sea level rise.

● Flood Management: Reduce 
impacts of pluvial flooding by 
capturing and storing stormwater. 
Balance stormwater storage with 
tidal fluxes and future scenarios of 
sea level rise.

● Water Quality: Address water 
quality issues by 1) treating 
stormwater runoff before it mixes 
with tidal waters and 2) improving 
this ecosystem service of the 
estuarine system.

● Habitat Restoration: Preserve, 
enhance, and restore coastal 
habitat that will be resilient to 
future stressors associated with 
storms and sea level rise.

Typology: Eroding Marsh Adjacent to Low Lying 
Infrastructure with Stormwater Inputs Objectives
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Shoreline Stabilization: 
● Stabilize shoreline with vegetation and coir logs 

○ ~$818k installation, $40k annual 
maintenance

● Restore marsh and add coastal breakwater to 
absorb wave energy 

○ ~$1.9 million installation, $10-30k annual 
maintenance

Flood Management: 
● Restore inland marsh as stormwater marsh to 

temporarily store pluvial flooding stormwater
○ ~$165k installation, $8k annual 

maintenance
● Install tidal flap gate to connect stormwater marsh 

to river
○ ~$3.55 million installation, $60k annual 

maintenance
● Design modeling to size stormwater marsh and 

tidal gate
○ ~$375k installation, no maintenance

Water Quality: 
● Implement vegetated filter strip surrounding inland 

marsh to trap runoff pollutants from entering 
marsh

○ ~$160k installation, $8k annual 
maintenance

● Restore oyster reefs to filter tidal water
○ ~$380k installation, no maintenance 

Habitat Restoration: 
● Restore salt marsh in tidal areas on both sides of 

river to restore coastal ecosystems 
○ ~$460k installation, no maintenance

Total Estimated Costs for All Practices:
Installation: ~$7.8 million

Annual Maintenance: ~$148k 

Estimated costs based off unit cost estimates given by NOAA Nature Based Solutions Cost Guidance and Tidal Flap Gate Structure Cost Estimates from NJ Dept. 
of Environmental Protection, and spatial extents of recommendations at interchange. Contingencies assumed for construction, design, and contractor/owner 

overhead

Options for Implementation by Objectives
Including Design, Construction, and Contingency Costs

https://drive.google.com/file/d/1QWUbhmtUKGbkpoVD0ItjnfHaf2zN61gb/view?usp=sharing
https://www.nj.gov/dep/floodresilience/docs/rbdm-fs/appendix-d-cost.pdf
https://www.nj.gov/dep/floodresilience/docs/rbdm-fs/appendix-d-cost.pdf


Shoreline Stabilization: 

Flood Management: 

Water Quality: 

Habitat Restoration: 

Vegetated Shoreline with Coir Logs

~$818k installation, $40k annual 
maintenance

Shoreline Marsh Restoration with 
Breakwater

~$1.9 million installation, $10-30k annual 
maintenance

Stormwater Marsh to Collect Runoff

~$165k installation, $8k annual 
maintenance

Vegetated Filter Strips Surrounding 
Stormwater Marsh

~$160k installation, $8k annual 
maintenance

Oyster Reef Restoration

~$380k installation, no maintenance 
costs

Restoration of Salt Marsh

~$460k installation, no maintenance

Tidal Flap Gate (w/ Corresponding Modeling)

~$3.925 million installation, $60k annual 
maintenance

Options for Implementation by Objectives
Including Design, Construction, and Contingency Costs

Total Estimated Costs for All Practices:
Installation: ~$7.8 million

Annual Maintenance: ~$148k 



Options for Implementation by Objectives
Including Design, Construction, and Contingency Costs

Estimated costs based off unit cost estimates given by NOAA Nature Based Solutions Cost Guidance and Tidal Flap Gate Structure Cost Estimates from NJ Dept. 
of Environmental Protection, and spatial extents of recommendations at interchange. Contingencies assumed for construction, design, and contractor/owner 

overhead

Shoreline Stabilization: 
● Stabilize shoreline with vegetation and coir logs 

○ ~$818k installation, $40k annual 
maintenance

● Restore marsh and add coastal breakwater to 
absorb wave energy 

○ ~$1.9 million installation, $10-30k annual 
maintenance

Flood Management: 
● Restore inland marsh as stormwater marsh to 

temporarily store pluvial flooding stormwater
○ ~$165k installation, $8k annual 

maintenance
● Install tidal flap gate to connect stormwater marsh 

to river
○ ~$3.55 million installation, $60k annual 

maintenance
● Design modeling to size stormwater marsh and 

tidal gate
○ ~$375k installation, no maintenance

Water Quality: 
● Implement vegetated filter strip surrounding inland 

marsh to trap runoff pollutants from entering 
marsh

○ ~$160k installation, $8k annual 
maintenance

● Restore oyster reefs to filter tidal water
○ ~$380k installation, no maintenance 

Habitat Restoration: 
● Restore salt marsh in tidal areas on both sides of 

river to restore coastal ecosystems 
○ ~$460k installation, no maintenance

Total Estimated Costs for All Practices:
Installation: ~$7.8 million

Annual Maintenance: ~$148k 

https://drive.google.com/file/d/1QWUbhmtUKGbkpoVD0ItjnfHaf2zN61gb/view?usp=sharing
https://www.nj.gov/dep/floodresilience/docs/rbdm-fs/appendix-d-cost.pdf
https://www.nj.gov/dep/floodresilience/docs/rbdm-fs/appendix-d-cost.pdf
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Shoreline Stabilization & Habitat Restoration
Erosion Hot Spots
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CONSIDERATIONS:
● Character 
● Urban Realm
● Natural Features and Value
● Infrastructure Functionality and Lifespan

 

Shoreline Stabilization 
Approach



Bank Grading/ Planting

Coir Logs

Oyster Shell Bags

Oyster Castle/Reef Balls

Stone/Rock Sill

Revetment and Breakwaters

Shoreline Stabilization 
Marsh Edge Design Strategies



Shoreline Stabilization

Key Site Parameters
● Wave/Wake Energy: Understanding 

typical and extreme wave energy at the 
site will dictate what type of edge 
protection approach is suitable.

● Slope: The bank slope will influence 
how sediment accretes at the site and 
may result in materials sliding down 
slope. 

● Escarpment: The height of the 
escarpment may affect the 
intervention’s ability to retain sediment.

● Oyster Proximity/Salinity: If an 
oyster-based application is pursued 
there should be sufficient oyster larvae 
in the water body and suitable salinity.

● Sediment: Existing sediment subgrade 
(firmness and composition) will 
determine what type of shoreline 
stabilization strategy is most suitable 
given risk of sinking and slipping.

Key Design Considerations
● Height

● Width

● Openings for tidal flows/fauna So
ur
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Source: South Carolina Department of Natural Resources

Source: K. Duhring, VIMS

Shoreline Stabilization 
Marsh Edge Design Strategies



Shoreline Stabilization

The South Carolina Department of Health 
and Environmental Control (DHEC) and the 
Nature Conservancy (TNC) developed a 
Living Shoreline Explorer application that 
allows users to understand if energy 
conditions at a given site are conducive to 
living shorelines.

https://maps.coastalresilience.org/southc
arolina/living-shorelines/ 

Provides a high-level evaluation of the wind 
wave energy, the boat wake energy, and the 
maximum fetch to characterize the 
estuarine shoreline energy of a site, which 
is an important consideration when initially 
evaluating the applicability of a living 
shoreline.

Additional site characteristics such as 
slope, sediment, escarpment height, oyster 
proximity/salinity, and adjacent habitats 
should also be considered. The Explore 
does provide layers of some of this data for 
sites in SC.

Shoreline Stabilization 
Marsh Edge Design Selection Criteria - SC DHEC

https://maps.coastalresilience.org/southcarolina/living-shorelines/
https://maps.coastalresilience.org/southcarolina/living-shorelines/


The South Carolina Department of Natural 
Resources (DNR) produced a Summary of 
Living Shoreline Research to Inform 
Regulatory Decision-Making in South 
Carolina. This report considers several of 
the strategies presented here and provides 
guidance on site characteristics that are 
suitable for each technique. The guidance 
is presented in the form of a flow chart and 
table.

http://www.nerrssciencecollaborative.org/
media/files/SCDNRLivingShorelinesSumm
aryDocument_20190731.pdf 

Combined with resources like the DHEC 
and TNC Living Shoreline Explorer, this 
document provides a strong foundational 
for selecting the appropriate shoreline 
stabilization strategies for a site.

Source: South Carolina Department of Natural Resources

Shoreline Stabilization 
Marsh Edge Design Selection Criteria - SC DNR

http://www.nerrssciencecollaborative.org/media/files/SCDNRLivingShorelinesSummaryDocument_20190731.pdf
http://www.nerrssciencecollaborative.org/media/files/SCDNRLivingShorelinesSummaryDocument_20190731.pdf
http://www.nerrssciencecollaborative.org/media/files/SCDNRLivingShorelinesSummaryDocument_20190731.pdf


The DNR report states that it only 
considered a limited number of shoreline 
stabilization techniques. Some of the 
techniques not considered in the report are 
proposed as part of this project (reef 
balls/oyster castles, stone/rock sills, and 
existing hard infrastructure). Therefore, we 
can attempt to fit these additional 
techniques into the DNR decision flow 
chart.

Modified from South Carolina Department of Natural Resources, 2019

Modify Existing 
Hard Infrastructure

Stone/Rock Sill

Reef Balls/Oyster Castles

Shoreline Stabilization 
Marsh Edge Design Selection Criteria - SC DNR (Modified)
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● The Sunset Cove project represents a 
cutting edge and innovative 
nature-based approach to edge 
protection. By developing a break water 
system integrated into a larger 
ecosystem restoration project, Sunset 
Cove can be a pilot for protection within 
Jamaica Bay and throughout the larger 
region.

● The project consists of two key 
elements:

○ An oyster revetment at the 
shoreline would provide added 
wave attenuation benefits, 
enhancing the resiliency and 
long-term sustainability of the 
overall project and accretion.

○ The project would address the 
need for an overall and baywide 
increase in spat-producing 
oysters to support the 
sustainability of the oyster 
shoreline through the 
incorporation of an oyster nursery 
in the design that seeds a living 
resilient edge. Past restoration 
efforts have shown that, once 
established, oysters survive well 
in Jamaica Bay.

MIRR
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Shoreline Stabilization 
Precedent: Sunset Cove Restoration Project
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MARSHLAND

TRANSITIONAL 
UPLANDS

CAPTURE AND 
SPREAD 

(BLUE STREETS)

CAPTURE AND
INFILTRATION

BREAKWATERS, LIVING 
SHORELINES, OYSTER REEFS

INLAND CHANNELS
& SUBMERGED 

HISTORIC CREEKS

OCEAN-FACING AND 
EDGES EXPOSED TO 

OPEN WATER

STEEPER 
TOPOGRAPHY

VALVE

VALVE
UPPER DUNE 
LANDSCAPE

BEACH AND 
ESTUARY

COASTAL 
UPLAND

FOREST
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Flood Management
Adaptive Controls and Tidal Gate Strategy

Existing Approach

Tide Gates

Impoundment of tidal habitat

Proposed Approach

Monitor Storm and Tidal Prediction

Drain and Maximize Pluvial Flooding in a large event - 
maintain tides day to day



Upland Stormwater Management and Tidal Marsh

Under all scenarios it should be a priority to 
provide pluvial flood management and stormwater 
treatment in upland areas prior to the runoff 
entering the marsh. This will reduce erosive forces 
on the marsh and provide treatment before the 
runoff enters the receiving waterbody. Adjacent 
upland stormwater management and treatment 
might include bioretention or stormwater 
wetlands, which will store and filter the runoff 
before it enters the tidal marsh through seepage.

Flood Mitigation & Water Quality
Stormwater and Marsh Interactions



Install tide gate or active control 
on outfall of detention basin to 

optimize storage for 
stormwater capture and 
treatment in upland area 

Tide Gate or Control at Stormwater Outfall

Approach optimizes stormwater management and 
treatment in upland basin. This will maximize flood 
mitigation from pluvial flooding and provide the 
most robust treatment. Approach is suitable when 
upland basin has little habitat value and consists 
of habitat that will not be impacted by reduced 
tidal flows. This may be considered a near-term 
strategy since the basin’s priority function is for 
pluvial flood management and water quality 
treatment.

Flood Mitigation & Water Quality
Stormwater and Marsh Interactions



Expand culvert connecting 
basin to marsh, which will 

improve tidal flux and flushing 
of the existing detention basin.

Expand Culvert and Concentrate Treatment Upland

Approach optimizes tidal marsh habitat while 
maintaining stormwater treatment. This will 
expand the marsh habitat by improving the tidal 
connection between the marsh and the basin, 
essentially expanding the tidal marsh habitat into 
the basin. Biofiltration systems should be installed 
along the upper edges of the basin to treat runoff 
before it enters the marsh. This approach will 
reduce scour along the tidal channel, expand 
marsh habitat, and treat stormwater runoff. 
Capacity for pluvial flood storage will be reduced 
during high tides. This should be considered a 
mid-term strategy since high tides will have more 
impact on the capacity of the basin as sea levels 
rise and the trade off for marsh habitat and pluvial 
flood storage shifts.

Install stormwater biofiltration along 
upper edges of basin to capture and 
store runoff prior to entering basin and 
interacting with tidal flows.

Flood Mitigation & Water Quality
Stormwater and Marsh Interactions



Raise or Remove Infrastructure and Merge Tidal 
Marsh with Adjacent Marsh Complexes

Approach prioritizes removing road or other 
infrastructure out of flood risk while expanding 
marsh habitat. While the most expensive strategy, 
this will provide the most reliable function of the 
infrastructure and the greatest habitat value. 
Stormwater management and treatment from 
adjacent areas should be shifted to more upland 
transition areas that will not be impacted by tides 
or sea level rise. This will provide suitable pluvial 
flood mitigation and treat runoff before it enters 
the marsh. If raising a road above a marsh, 
suitable stormwater management and treatment 
must be installed on the road to reduce the impact 
as runoff is discharged onto the marsh. Portions 
of the existing road and upland may be preserved 
as a forested berm. This should be considered a 
longer term strategy since it is most expensive 
and prioritizes marsh habitat restoration and long 
term resilience over near-term stormwater 
management and existing infrastructure.

With road/infrastructure elevated or removed 
expand marsh habitat to encompass all of 
existing detention basin and connect with 

marsh complex to the West

Raise or remove road/infrastructure 
immediately adjacent to marsh

Create transition area between marsh and 
upland areas for additional storm protection and 

for stormwater management/treatment
Maintain previous roadway/upland as 

forested upland berm protection 

Flood Mitigation & Water Quality
Stormwater and Marsh Interactions



Raise or Remove Infrastructure and Merge Tidal 
Marsh with Basin Area

SCDOT defines water quality volume as a 1.8", 
24-hour storm event. 

Decentralized Manufactured Treatment Devices 
(MFDs): Installed at each catch basin or drain on 
the raised roadway.  A handful of potential options 
are shown on the right and include catch basin 
inserts, hydrodynamic separators, and linear sand 
filters. 

Centralized Water Quality Practices:  A centralized 
water quality practice accommodated through the 
installation of water quality inlets or flow splitters 
to direct the first flush (water quality volume) to a 
water quality treatment area located outside of the 
marsh area and within the upland or transitional 
zones.  Practice types included a constructed 
stormwater wetland, bioretention, infiltration, wet 
pond, or extended detention dry pond. Larger 
storm events can be discharged directly to the 
marsh or be piped to the treatment area as well.  

Marsh Erosion Considerations: To mitigate 
localized marsh erosion, thought should be given 
to the ground cover immediately below drains.  
Drains should be located over areas of open water 
or non-erodible material should be placed below 
drains. 

Catch basin inserts can be installed to capture sediment at each drain or catch basin along the 
structure.  They have a low initial cost but require regular maintenance to minimize clogging. 

Hydrodynamic separators can 
be installed at each drain or 
catch basin along the structure.  
They have a higher initial cost, 
require regular maintenance, but 
provide more robust water 
quality treatment than catch 
basin inserts. 

Linear sand filters can be adapted for and 
installed along the edges of the raised 
infrastructure.   

Flood Mitigation & Water Quality
Stormwater and Marsh Interactions



Key Site Parameters
● Tidal Range/Sea Level Rise: The tidal range 

and amount of sea level rise will determine the 
extent of marsh migration and the type of 
marsh habitat at a site. 

● Adjacent Land Use/Infrastructure: Adjacent 
land use will impact the ability of a marsh to 
migrate. Less developed areas will be suitable 
for marsh migration, whereas adjacent 
infrastructure (roads, utilities) and 
development may function as obstacles to 
marsh migration.

● Upland Slope: Marsh migration will be more 
feasible at sites where the adjacent upland 
has a low slope. Steeper slopes may result in 
an eroding edge and ultimately marsh loss.

● Sediment Dynamics: The available sediment in 
the system will determine if marsh accretion is 
able to keep pace with SLR.

Key Design Considerations
● Zoning or alter adjacent land use

● Elevation and extent of grading

● Effect on stormwater management features 
and requirements

Habitat Restoration
Marsh Migration
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Planting/Re-planting

Shoreline Establishment

Grading

Large Woody Debris

Sediment Addition
(Thin Layer Deposition)

Source: USFWS

Source: National Audubon Society
Source: Save the Sound Source: Rebecca Grella

Habitat Restoration
Marsh Surface Design Strategies



Dynamic Estuarine Systems

In addition to typical marsh migration associated 
with sea level rise, the estuaries and marshes of 
the project area are dynamic systems that are 
constantly shifting. In addition to how habitats 
might shift with rising sea levels, we must also 
consider how features shift over time as a result 
estuarine hydrodynamics, sediment transport and 
human activities (e.g. dredging and fill).

Not only will a marsh and its shoreline be at risk of 
sea level rise but it may be shifting landward due 
to hydrodynamic forces. Similarly, a marsh and 
shoreline on the opposite bank may be shifting 
waterward. These dynamics should be considered 
in the context of shoreline stabilization, marsh 
restoration, and marsh migration.

Key Design Considerations
● Zoning or alter adjacent land use

● Benefit of maintaining existing shoreline

● Effect on adjacent infrastructure

● Elevation and extent of grading

Habitat Restoration
Marsh Migration Design Considerations



Key Site Parameters
● Erosion Rate: Establishing the erosion rate of the 

site will provide insight into the extents of marsh 
restoration that is necessary and desirable.

● Sea Level Rise Rate: The rate of sea level rise will 
influence the elevation and rate of accretion 
required for a resilient marsh.

● Sediment Supply: The sediment budget of the site 
will determine if there is sufficient sediment 
supplied to the marsh surface to keep up with 
SLR. 

● Tidal Range/Elevations: Water elevations will 
dictate the plant communities that are suitable at 
locations across the marsh.

● Ecological Factors: Environmental context 
associated with water quality and sunlight will 
influence plant health and survivability. If using 
vegetation to accrete material and stabilize 
surface, conditions must be suitable.

Key Design Considerations
● Plant species

● Elevations and extent of grading

● Sediment grain size

● Invasive species

Source: Kirwan et al, 2016

Before After

Habitat Restoration
Marsh Surface Design Parameters & Considerations



Coastal Dredging Reuse
It is not uncommon for marsh restoration projects associated 
with thin layer placement to use dredged material as its 
source. This is particularly advantageous when the marsh 
restoration site is nearby the dredge operations, as is likely the 
case with many navigational channels in the project area. 
Some key considerations for the feasibility and suitability of 
dredge material for TLP are:
● Proximity of operations to restoration site
● Thickness of TLP required vs. available dredge material 

(10-15 cm based on report from Georgia)
● Contamination of dredge material (i.e. not suitable if 

contaminated)
● Other soil properties (nutrients, pH)
● Grain size of dredge material
● Permitting

Stormwater Basin/Pond Dredging Reuse
To integrate the pluvial and coastal components of the project, 
the team also considered the use of dredged sediment from 
stormwater infrastructure such as stormwater basins and 
ponds. To the teams knowledge this strategy has not been 
employed previously and would require several considerations:
● Preliminary feasibility assessment (see right) suggests 

that such an application may not be feasible.
● Stormwater/sediment source: Depending on the 

watershed, the sediment may be contaminated and may 
require treatment.

● Centralization of SW features and proximity to marsh 
restoration.

● Permitting hurdles 

Feasibility assessment:

Assumed TSS Concentration: 100 mg/L (relatively high for average land use)
Assumed Annual Precipitation: 47 inches (above average)
Assumed Runoff Coefficient for Watershed: 0.70

Total Annual Runoff per Acre: 119,400 ft3 (3.38 x 106 L)
Total Annual Sediment Load per Acre: 3.38 x 105 g (745 lb)
Assumed Density of Sediment: 100 lb/ft3

Assumed depth of TLP: 5.9 inches
Volume of TLP per Acre: 21,417 ft3

Required Contributing Drainage Area (1 acre marsh restoration): 2,872 acres
Assuming TLP application once every 25 years: 115 acres

Habitat Restoration
Marsh Surface Design Parameters & Considerations



Key Site Parameters
● Tidal Range/Sea Level Rise: The tidal range 

and amount of sea level rise will determine the 
extent of marsh migration and the type of 
marsh habitat at a site. 

● Adjacent Land Use/Infrastructure: Adjacent 
land use will impact the ability of a marsh to 
migrate. Less developed areas will be suitable 
for marsh migration, whereas adjacent 
infrastructure (roads, utilities) and 
development may function as obstacles to 
marsh migration.

● Upland Slope: Marsh migration will be more 
feasible at sites where the adjacent upland 
has a low slope. Steeper slopes may result in 
an eroding edge and ultimately marsh loss.

● Sediment Dynamics: The available sediment in 
the system will determine if marsh accretion is 
able to keep pace with SLR.

Key Design Considerations
● Zoning or alter adjacent land use

● Elevation and extent of grading

● Effect on stormwater management features 
and requirements

Source: NOAA, 2011

NOAA Sea Level Rise Viewer

Habitat Restoration
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