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IMPORTANT INFORMATION/DISCLAIMERefdrisrepresents a Regional Coastal Resilience Assessment that

can be used to identify places on the landscape for resilienib@ing efforts and conservation actions through
understanding coastal flood threats, the exposure of populations and infrasteuicave to those threats, and

the presence of suitable fish and wildlife habitat. As with all remotely sensed or publicly available data, all

features should be verified with a site visit, as the locations of suitable landscapes or areas containing flood
hazards and community assets are approximate. The data, maps, and analysis provided should be used only as a
screeningevel resource to support management decisions. This report should be used strictly as a planning
reference tool and not for permittingr other legal purposes.

The scientific results and conclusions, as well as any views or opinions expressed herein, are those of the authors

and should not be interpreted as representing the opinions or policies of the U.S. Government, or the National
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their endorsement by the U.S. Government or the National Fish and Wildlife Foundation or its funding sources.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINOETRACLAIMER: The scientific results and conclusions, as
well as any views or opinions expressed herein, are those of the author(s) and do not necessarily reflect those of
NOAA or the Department of Commerce.

U.S. ARMY CORPS OF ENGINEERS DISCLAIMER: NFWF3 SdaYSy i YSGK2R2f 238 F20dza$S
ranking Resilience Hubs, wmdevelopedireas of open space. Actions recommended in these areas seek to

improve fish and wildlife habitats through implementation of restoration and conservation projeicistallation

of natural or naturebased solutions, while at the same time, potentially supporting human community resilience.

The assessment may be helpful during planning studies when considering the resilience of ocean and coastal
ecosystems. This ref is not designed to inform the siting of gray or hardened infrastructure projects. The

views, opinions and findings contained in this report are those of the authors(s) and should not be construed as

an official Department of the Army paosition, poliaydecision, unless so designated by other official

documentation.
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Abstract

TheCharleston HarbowatershedCoastal Resilienokssessment focus@n identifyingareas ofopen
spacewhere the implementation of restoration or conservation actions could build human community
resilience and fish and wildlife habitat in the face of inciegastorms and flooding impacts. The study

is important to the area around CharlestdBouth Carolinhecause it was established on a kbying
peninsula between the Ashley and Cooper Ritieas has experienced flooding since its founding in
1670. In recat years, the area has experienced extensive damage to human assets from episodic and
chronic flooding events.

This assessment combinlegman community assets, threats, stressors, and fish and wildlife habitat
spatial data in a unique decision support tool to idenggsilienceHubs,which are defined akarge

area of contiguous land that couletlp protect human communities from storm impacts while also
providingimportant habitat to fish and wildliféf apprapriate conservation or restoration actions are
taken to preservehem in their current state TheHubs were scored based onCammunity
VulnerabilityIndex that represents the locatioof human assets and their exposure to flooding events
combined withHsh andWildlife Rchnesdndex that represents the number of fish and wildlife
habitats in a given ared.ocal stakeholders and experts werdical to the assessment process by
working with theproject teamto identify priority fish and wildlife specids the watershed and

provide data setandproject ideas that have potential to buiduman communityresilienceand fish
and wildlife habitatwithin the Charleston Harbor Watershed.

As part of the assessment proce86resiliencerelated project ideasvere submittedthrough the
stakeholder engagement procesd which three are describeid detailed case studies in this report.
The case studigiustrate how proposedctions coulenefit fish and wildlife habitat and human
communitiesthat facecoastal resilience challenges such as storm surge during extreme weather
events.

The products of the assessment processudethis report,the Coastal Resilience Evaluation and

Siting Tool (CRESiteractive online map viewer, and a Geographic Information Systesed

decision supportool pre-loaded with assessment datasef®hese productprovide opportunities for

a variety of userssuch as land use, emergency management, fish and wildlifegraa

infrastructure plannerso explore vulnerability and resilience opportunities in the watershdte

products caralso be used tguidefunding and resourceisito project developmentvithin high
scoringResilienceHubs, which represent areas where hian communities are exposed to the

greatest flooding threatsrad where there is sufficient habitat to support fish and wildlifdiedecision
support toolalso allows users to manipulate the community vulnerability and fish and wildlife datasets
to identify areas of value based ¢meir ownobjectives
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Executive Summary

In response to increasing frequency and intensity of coastal storm events, the National Fish and

Wildlife Foundation (NFWF) is committed to supporting programs and projects tphabwen

O2YYdzyAlle NBaAfASYOS o0& NBRdAdzOAY 3 O2YVYamisé, A SaQ @dz
and flooding through strengthening natural ecosystems and the fish and wildlife habitat they provide.

NFWF commissionddatureServe to conducoastd resilience assessments that identify areas ideal

for implementation of conservation or restoration projects (Narayan et al. 2017) that improve both

human community resilience and fish and wildlife habitat before devastating events occur and impact

the surounding communityThe assessments were developed in partnership with the National

Oceanic and Atmospheric Administration and UNC Asheville's National Environmental Modeling

Analysis Center, and in consultation with the U.S. Army Corps of Engineers.

Coasal ResiliencéAssessments have been conducted at two scdlgst a regional level, covering five
coastal regions that incorporate all coastal watersheds of the conterminous U.2) ainithe local
watershed level, targeting eight coastal watershedwtof the eighfTargeted Watershed
Assessnents nest within these broader Regional Assessnaadtprovide the opportunity to
incorporate local data and knowledge into the larger coastal assessment model.

This assessment focuses e Charleston Harbdatershed By assessingj K A & K®ndm 2 y Q &
community assets, threats, stressors and fish and wildlife habitatTHrigeted Watershed

Assessment aims to identify opportunities on the landscape to implement restoration or conservation
projects that providebenefits to human community resilience and fish and wildlife habitat, ensuring
maximum impact of conservaticandresiliencerelatedinvestment.

CharlestorHarbor Watershed

The Charleston Harbor Watershetludesthe city of Charleston, South Carolii@harleston was

established on a low peninsula between the Ashley and Cooper Rivers, and many of the adjacent
communities are also situated in areas that are relatively low elevasieafigure below. The highest

pointwil KAy (G KS / A (lawerpehinshlaid ¥t Snithin®st @ the lower peninsula at 10

feet (Kana et al. 1984)idhificant sections of the citgre built on fill near sea level, so flooding has

0SSy I LINI 27F (KS OA&) histassinag ltsyfoRndingRnel670. Sgfrie ofdghe (G S NA K S |
most extensive flooding has occurred in recent years, both from episodic and chronic events,

extensively damaging human asséfthe area considered in this assessment includes thredoasins

adjacent to @arleston Harbor.

Coastal Resilience Assessmdrthe Charleston Harbor Watershed ii
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Location and boundary of the Charleston Harbor Watershstlidy area The map on the left shows the
watershed in the context of the South Atlantic Cd@egionalAssessment area (pink). In the map on the right,
the study areacomposedof three subbasins surrounding Charleston Harbor, is shown with the dark gray
outline.

Assessment Objectives

The objectives of this assessment were to:

1. ldentify Resilience Hubs areas on the landscape where implementation of conservation
actions willhave maximum benefit for human community resilierand fish and wildlife
habitat.

Account for threats from both coastal and inland storm events.
Create contiguous and standardized data sets across the study area.

Use local knowledge, data sources, andviiyasly completed studies and plans to
customize theRegionalAssessment model for this smaller study area.

Identify projects in the watershed that have a demonstrated need and local support.

Make the products of the assessment broadly available to f&eilintegration of resilience
planning in a variety of land, resource management, and hazard planning activities.

Coastal Resilience Assessmdrthe Charleston Harbor Watershed iii



Assessment Approach

The assessment approach was focused on identifying and evaluating Resilience Hubs, areas of open
space and contiguous hadt that can potentially provide mutual resilience benefits to human
community assetéHCA}¥and fish and wildlifeThis assessment was conducted primarily through
CGeographidnformation System GIS analyses using existing datasets created by federate stnd

local agencies, neprofits, universitiesand others. Three categories of data were used as the primary
inputs to the assessment: Open Space (protedaeds or unprotectegbrivately ownedandsg, Human
Community Vulnerability, and Fish and Wiklispecies and Habitats.

Left Diagram of the overall approach of
this assessmentHuman community asset
(HCA) vulnerability and fish and wildlife
richness are assessed within all areas of

Open Space 4/ : < public and private open space. Open space
Sy T kR SRR i areas in proximity to HCA with high
+ vulnerability and high fish and wildlife

richness are mapped aResilience Hubs

Vﬁ?ﬂ’gp;gﬂ:g where efforts to preserve or increase
s S ’"””"‘""W resilience to threats are wellistified. From
e oS P the set of all suchHubs, those scoring
+ % highest by these measures represent
priority areas for undertaking resilience
Fish and Wildlife : S projects.
- m
T A : T S
= 'fl;f ;’;_: L'f“‘-isf‘ l‘
P =L S B
Resilience Hubs A = - P
Results

Resilience Hubs

ResiliencdHubs are large tracts of contiguous land that, based on the analyses, pappadetunities
to increaseprotection to human communities from storm impacts while gigovidingimportant
habitat for fish and wildlife. Hubs mapped in tiRegionalAssessment were evaluated using the
HumanCommunity Vulnerability Index and Fish and Wildlife Richness Ihdthe map below:

9 Parcelsn dark bluewere scored higher becausheaycontain or are neahighlyvulnerable
human population and infrastructurand support a diversity of fish and wildlife habitatsis
within or near these higher scoring parcels that restoration projects may be most likely to
achieve multiple benefitfor human community resilience and fish and wildlife.

9 Parcelsn yellow are scored lower because they are eithast proximate toconcentrations of
HCAs or have low value for tfish and wildlifeelements addressed in thessessment

Coastal Resilience Assessmdrthe Charleston Harbor Watershed iv



Relative Scores of
of Assessment Units

ResiliencéHubs assessment unielative scoredor the Charleston Harbor Watershed\ssessment units at®0
acres grids or smaller parcels. Darker shades have higher scores andjrémater potential to achievdoth
community resiliene and fish and wildlife benefit Gray areas are outside of Hubs.

Community Vulnerability

The Community Vulnerability Indésee map belowdccounts for approximately half of the scoring of
the ResilienceHubs. This indexcommunicates threato human community assets wherever they

occu as well as concentrated areas of threat. Vulnerability is highest in the immediate coastal areas
where there are concentrations of populations and infrastructure exposed to most flooding threats.
Areas of vulnerability farther inland are largely due tegpitation-caused flooding threats (flood

zones and flat areas with poorly draining scéisyl not sedevel rise or storm surge

Coastal Resilience Assessmdrthe Charleston Harbor Watershed Y



Fish and Wildlife

A total of 21 unique habitats, species, and species aggregaiion® F SNNBR (2 Ay (KAAZ

gAt Rt ATS St SYSy i avee inciNdediin tMd dhalysiaiRRin&sY IBdgxed RIOwW)
representghe concentration of fish and wildlifelementsin each location.
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Community Vulnerability Indexfor the Charleston Richness of fish and wildlife element&in the
Harbor Watershed Pink to red shades indicate th€harleston Harbor Watershereen shades indicate
number ofHuman Community AssetslCA}exposed the number d elements found in a locatiorGray

to flooding relatedthreats. Tan areas indicate areas adireas within the project boundary have no mapped
low to no impact from the flooding threat&ray areas fish or wildlife elements considered in this
within the project boundary have no mapped HCAs. assessment

Resilience Projects

Plans and ideas were gathered from stakeholders for projects that could increase lsomarunity
resiliencyand provide fish and wildliféenefits butrequire funding to implementThe projects were
collected to identify conservation and restoration need in the study area and to analyze the utility of
the assessment to provide additional@nmation on potential project benefitd'he projects span a
range oftypes including resiliengalanning, conservation of habitats, and habitat restoratian.
complete list of projects can be found in Appen@iSeveral project sites were visitbgfore ®lecting
three case studiepresentedlater in this report

9 Case Study 1: Long Branch Cre8estoring Ecosystem Services to Improve Flood Resilience
1 Case Study 2: Crab Traps to Oyster Reefs
9 Case Study 3: Sea Island Wetland Restoration

Coastal Resilience Assessmdrthe Charleston Harbor Watershed Vi
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Assessmerferoducts

A rich toolbox of products was generated by this assessment and different audiences will find unique
value in each of the tools.

Products from this effort can be obtained fromww.nfwf.org/coastalresilience/Pages/reqgional
coastairesilienceassessment.aspand include:

1

Final reports for the Charleston Harbor Watershed, other |deagjeted Watershed
Assessments, and the Regional Assasnt.

Coastal Resilience Evaluation and Siting Tool (CRE®mMm)narmap viewernd project
site evaluation tool thaallows stakeholders access key map productsCREST is
available atresilientcoasts.org

The GIS data inputs and outputs can be downloaded and used most readily in the Esri

ArcGIS platform. Though not required to access or use these data, this project is also

SYylLot SR gAGK GKS bl (dzNB{ SNI e obtairedidt u LI | Yy AY:
www.natureserve.org/vist® + Acdn(slipport additional customization, assessmant

planning functions.

Products may be used to:

1.

o 0 AW

Assist funders and agencitsidentify where to makerivestments in conservation and
restoration practices to achieve maximum benefits for human community resilience and
fish and wildlife.

Inform community decisions about where and what actions to take to improve resilience
and how actions may also providersdits to fish and wildlife.

Distinguish between and locate different flooding threats that exist on the landscape
Identify vulnerable community assetsid the threatghey face
Identify areaghat are particularlyrichin fish and wildlife species and higdits

Understandthe condition offish and wildlifewhere they areexposedo environmental
stressors and how that condition may be impacted by flooding threats.

Inform hazard planning to reduce and avoid exposure to flooding threats.
Jump startadditional assessments and plannimgjngthe decision support system.

Coastal Resilience Assessmdrthe Charleston Harbor Watershed Vii
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Introduction

Background

Coastal communities throughout the Unit&tates face serious current and future threats from

natural events, and these events are predicted to intensify over the short and long term (Bender et al.
2010). Many of these events.f.,intense hurricanes, extreme flooding) have the potentiial

devastate both human communities and fish and wildlitehichhas been seen in recent years with
Hurricaneg-lorenceand Michael2018) Irma, Harvey, and Maria (202 Hurricanes Matthew and
Hermine and severe storms in coastal LA and Texas (2016).

The Natimal Fish and Wildlife Foundation (NFWF) is committed to supporting programs and projects
GKIFIG AYLINROS NBaAftASyOS o0& NBRdzOAYy 3 O#eweMidey A 1A SaQ
and flooding events through strengthening natural ecosystentstha fish and wildlife habitat they

provideb C2 CQa SELISNASYOS Ay | RYAYAAGSNRAY3I + O02YLISGALD
Sandy(2012) revealed the clear need for thorough coastal resilience assessments to be completed

prior to devastating evats and that these assessments should include both human community

resilience and fish and wildlife benefits to allow gramdking to achieve multiple goals. In response,

NFWF has developedRegionalAssessmenthat includesall coastal areas of theontiguousU.S, in

addition to TargetedWatershedAssessments in select locatiorfhis will allow fostrategic

investmentsto be made in restoration projectedayto not onlyprotect communities in the future

but also tobenefit fish and wildlifeWhen events do strike, data and analyses willéadilyavailable

for NFWF and other organizationsnake informednvestmentdecisionsand respondapidy for

maximum impact

Regional Assessment

Developed through a separahit similareffort, the Regioal Assessment (Dobson et al. 2p1

explored resilience in five geographic regions of the conterminous United $ka¢esel) and aimed

to identify areasvherehabitat restoration, installation of natural and natubased features (1%

Army Corps of Enggers 2015), and othesuchprojects thatcould be implemented t@achieve

maximum benefit for human community resilience, fish and wildlife populations, and their habitats.
The analysis conducted for the Regional Assessment identified Resilience Hubs that represent large
areas of contiguous habitat that may provide bgttotection to the human communities and assets in
and around them and support significant fish and wildlife habitat. Enhancing, expanding, restoring,
and/or connecting these areas would allow for more effective and-etigtient implementation of
projectsthat enhance resilience.

Coastal Resilience Assessment of the Charleston Harbor Watershed 1
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Figurel. Map showingstudy areas for the Regional and Targeted Watershed AssessméhtsbroadRegional
Assessmenincluded five coastal regions. High resolution resilience assessments were cdrifeeight coastal
TargetedWatershedAssessmenrgtudyareas(in blue) the Cape Fear Watershed was conducted first as a pilot
TheTargetedWatershedAssessments were informed in partthg RegionalAssessment.

Targeted Watershed Assessments

Eight smaller areas were identified for additionatdepth studyin order tobuild upon the concepts
devebped in the Regional Assessmerttile allowing for more detailed local data to be incorporated

for a truly customized assessmekfiqurel). These eeas were selected due to their location relative

to large population centers and proximity to significant areas of open space that if restored could not
only benefit fish and wildlife, but also human community resilience.

Resilience Hubs

In a model usedy both the Regional and Targeted Watershed Assessments, areas of open space are
identified and analyzed in terms of human community vulnerability and fish and wildlife richness to
inform where projects may be ideally sited for restoration or conservaiitre. Regional Assessmést
designed to do this on a larger scale and use only nationally available datasets, whereas the Targeted
Watershed Assessments include more state and local, often higlseiution datasets.

The Regional Assessment craht®ntiguaus and standardized datasets, maps and analyses for U.S.
coastlines to support coastal resilience assessment planning, project siting, and implementation at a
state, regional, or national scale. This ensures planning agencies and other professionatae co

Coastal Resilience Assessment of the Charleston Harbor Watershed 2
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strip of mastline,the Regional ssessment lookat the full extent of coastal watersheds to analyze the
potential impacts of both coastal and inland storm events to include everpasin that drains to the
sea, and in some places, a godisin or two beyond that where they are particularly low lyimgidally
influenced.

Targeted Watershed Assessment Objectives

The Regional Assessmavaisan important first step in the development of the assessment model
and ensuring standardization of datasets across U.S. coastal watersheds. Targeted Watershed
Assassmentssuch as the one described in this repoomplemened these assessments bY) using
finer scale, locallatar particularly with regardo fish and wildlife, 2) involving local stakeholders in
providing expertise and sourcing important informatiorceesary for understanding more detailed
patterns and local context, and 3) identifying projects in the watershed that have a demonstrated
need and local support. Three of those projects are presented as case studies.

Assessment Products

The following products from this effort can be obtained from
www.nfwf.org/coastalresilience/Pages/regionabastatresilienceassessment.aspx

1. This report (and reports frorthe other TargetedWatersheds)which includes:

a. Detailed methodology

Resilience Hub map

Community Vulnerability Map

Fish andwildlife Richness Map

Case studies on three select projects

-~ ® a0 T

List of projects submitted by stakeholders in the watershed

2. The Coastal Resilience Evaluation and Siting Tool (CRE&Tn@map vieweand project
site evaluation tool thaallows stakeholdes access tiey map productsCREST isailable at
resilientcoasts.org

3. A zipped file that contains all of the Geographic Information System (GIS) data used in this
assessment in the form of an ArcMppject (.mxd) with all associated data inputs and
outputs (subject to any data security limitations) including many intermediary and secondary
products that areavailable for download in CRESTeatlientcoasts.org/#Download hough
not required to access or use these data, this ArcMap project was designed for use with
bl GdzNB{ SNBSS =+ A a i(vigta DSE, laryeftangich toA&FiH)dh kaNBe
obtained for no chargat www.natureserve.org/vista

Coastal Resilience Assessment of the Charleston Harbor Watershed 3
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Application of the Assessment

ThisTargeted Watershedssessment is a tool to identifyotential project siteghat can most

efficiently increase both fisandwildlife and human communitgesilience. The insights and products
generated can be used by practitioners such as planners, state agency personnel, conservation
officials, non-profit staff, community organizationsand otherdo focus their resources and guide

funding decisions to imMPR FS I O2YYdzyAG e Qa NBAAT ASywnsSeako (GKS
benefiting fish and wildlife

The results and decision support systeam inform many future planning activities aace most
appropriately used for landscape planning purpossler than for sitelevel regulatory decisions.
This is neither an engineeringvel assessment of individualuttinan Community Asses (HCA3to
more precisely gauge risk to individual areas or structures, nor a detailed ecological or species
population viability analysis for fish and wildlife elements to estimate current or future viability.

Coastal Resilience Assessment of the Charleston Harbor Watershed 4
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CharlestorHarborWatershed

The Charleston Harbor Watershed study area is centered around the city of Charleston, South
Carolina. Charleston and a constellation wbsrban towns surround Charleston Harbor, all extend
inland along the Ashley and Cooper Rivers. The regional poputdttbe Charleston Metropolitan
Statistical Areas of 20D was648,090residents(S.C. Department of Employment and Workforce
2019) The region has a strong economy from the Port of Charleston, tourism, military installations,
medical facilities, manufacturing, and information technology. The paariked 8thin the U.Sin

terms of cargo value The Charleston Harbor Watershed mrcj area, located on the central coast of
South Carolina, is shown kiigure2.
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Figure?2. Location and boundary of the Charleston Harbor Watersh&tddy area The map on the left shows
the watershed in the context of the South Atlantic Cdglional Assessment area (pink). In the map on the
right, the study area, composed of three dwdsins surrounding Charleston Harbor, is shown with the dark gray
outline.

The boundary of the watershed follows those of the thragteld Sates Geologicalurvey (USGS)
level fourhydrological unitéadjacent to Charleston Harbor. The dominant watershed feature is
Charleston Harbor, formed by the confluence of the Ashley, Goapel Wando Rivers. Originating in

1 According to South Carolina Ports 2017 dat#p://www.scspa.com/about/statistics/cargwalue/

21fa2 NBFSNNBR (2 |a W&adz ol & A-gigit Gig@eNddés luded ty idedrifyeac Q o0 Ay N
such unit at this level in the national Watershed Boundary Dataset (USGS & USDA 201133)pSlekcation at

this link for further detailshttps://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143 021581.pdf

Coastal Resilience Assessment of the Charleston Harbor Watershed 5
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the coastal plain, both the Ashley and Wando Rivexsd their associated sdbasing are

particularly susceptible to coastal floodinglated threats such as morphological and vegetation
community transformation andalinzation The Cooper, though historically originating in the coastal
plain, was connected to the Santee River by a canal in the late 18th century and currently is fed with
water from the Santee (originating in the Southern Appalachians) through dams oiMbakee and

Lake Marion. The lower sections of the Cooper and Wando Rivers are dredged and contain a federal
channel for the Port of Charleston, which is also dredged on a periodic basis.

At the coastal edge of the watershed are extensive tidal salsthre bounded by a chain of barrier

islands. Bulls Bay and a complex of marsh and tidal creeks dominate the northern coast, an area rich in

fish and wildlife and the location of the Cape Romain National Wildlife Refuge. This rich complex of

tidal habitats sipports relatively high densities of shrimp, crabs, and bivalves as well as iconic birds

such as great blue herons and snowy egrets. Northern inland areas are forested wetlands and pine

uplands (originally longleaf pine) supporting feackaded woodpecketsY R YA INJ G Ay 3 YA NI f
warblers. The southern inland areas, originally forested swamp and uplands, were cleared for

agriculture including indigo, ricand cotton starting in the 1600s.

Historic Impacts from Flooding

Flooding has been part of theregidda KA a{i2NB aAyO0S Ala FT2dzyRAy3Io ¢K
peninsula between the Ashley and Coovers ands surrounded by low lying areabhe highest

LRAYG 6A0GKAY GKS [ A ljostigféet (Kakd eNdl. $984wrhys@hdicarit)S y A y & dzf |
sections of the city built on fill near sea level. Some of the most extensive flooding has occurred in

recent years, both from episodic and chronic events, extensively damaging human assets.

In October 2015, a rainfall event dumped 11.5 incbiesain in a24-hour period at the

Charleston International Airport, and over 20 inches overae-dayperiod. This was the

most ever recorded in Charleston history. At the same time the high tide was 1.5 feet higher
than average, which flooded coastakas and limited the drainage of flood waters from the
rainfall event. Officials blocked the entrance to the entire Charleston peninsula for most of a
two-dayperiod. Stores along King Street, the main commercial and tourism district on the
peninsula, werdlooded, leading to significant lost revenue to the tourism industry.

Over the course of 2015 there were 37 king tides (exceptionally high tidegh representa

25% increase over normal leveRhis mcrease in the frequency of kinigles has ledo

predictions that by 2045, there may las many a480 king tide events each year in

Charleston (Harrison & Kooistra 2017). This would cause tidal flooding in the city every other
day on average.

In 2016, Hurricane Matthew produced 11 to 12 inches of oa®er a tweday periodwith tidal
surgeshree feet above normal. Floodwatemnceagainravagedmany of the lowest lying
areaswithin the peninsulaandthroughout the region, including City Market in downtown
Charleston.

Hurricane Irma, in 2017, producadrge leveldour feet higher tharaverage water leveland
wasamong theworst hurricanesn Charleston historywhichincludesHurricane Hugo in 1989.
L N | Q &surge ivasightinches higher than that of Hurricane Matthew. According to
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news reports, 11 roads across the city were closed due to either flooding or downed trees
(Waters, 2017).

These same weather events affected fish and wildlife habitat with inundated beaches, extensive
coastal and riparian erosion, submerged marshes, lower salinityadedrwater quality, and
extensive flooding of upland forests and savannas.

The City of Charleston and the surrounding communities are actively involved in addressing the
increased depth, frequency, and extent of flooding. In recognition of the sevethysossue, the
Charleston Resilience Netwottktif://www.charlestonresilience.nef) was created as a volunteer
based effort composed of public and private sector stakeholder organizations withmetrepolitan
area that have a collective interest in the resilience of communities and critical infrastructure to
episodic natural disasters and chronic coastal haz&dsehalf of the Charleston Resilience Network,
South Carolina Sea Grant Consortiwwoaived a MtionalOceanic andAtmosphericAdministration
(NOAAXRegional Coastal Resilience Grant of dwadf a million dollar§or community resilience and
recovery efforts in 2016 to share sciedgsased information, educate stakeholders, and promote
resiliencerelated planning and decisions. The active regional resilience community provided
substantial expertise for thifargeted Watershedssessment. In addition, the City of Charleston
released a Sea Level Rise strategy in 2015 (City of Charleston 2015
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Methods Overview

This overview is intended to provide the reader with sufficient information to understand the results.
Details on methods are provided in the appendices as referenced in each section below to provide
deeper understanding and/or aid the use of the available Vista decision support system (Vista DSS).

Overall Approach

The overall approachims toidentify Resilience Hubglaceswhere investments made in conservation
or restorationmay have the greatest benefit for both human community resilience and fish and
wildlife (Figure3). Identifying these areas can support resilience planninigfiaymingthe siting and
designing of resilience projects. This assessment was conducted pyithasiigh GIS analyses using
existing datasets created by federal, state and local agenciesprrugits, universities, and others.

Three categories of data were used as the primary inputs to the project: Open Space (prédadted

or unprotectedprivatelyownedlandg, Human Community Vulnerability, and Fish and Wildlife Species
and Habitats. Bringinthese dataogether generated many useful assessmenilsich culminated in

the mapping and scoring of Resilience Hubs.

The use of publidy-available deck 2 y a dzLJLI2 NI ae&adSyY obl ( dagst¢dS NS =+ A
Watershed Asessments provides a useful vehicle for delivering the full set of inputs, interim products,

and key results to users in a way that allows them to update the results with nevmation and

customize the assessments with additional considerations such as addioma&n Community

AssetsHCA¥and fish and wildlife elements. Detadla the components of the approach are

described below and supported Bppendice-5.

Figure 3. Diagram of the overall approach o
this assessmentiuman community asset (HC.
vulnerability and fish and wildlife richness a
assessed within all areas of public and priv.

Open Space N open space. Open space areas with high
A vulnerabilityand high fish and wildlife richnes

+ are mapped asesilienceHubs where #orts to
Community preserve or increase resilience to threats .
Vulnerability O welljustified. From the set of all sudHubs,
i a— those scoring highest by these measu

. = & represent priority areas for undertakin

resilience projectsDiagram represents generi

Fisheand Wildlife region and is only inteded to illustrate methods

. : ‘ ;,*‘
= T 1T i
J'—J o ‘_kf} B ; ;24 e
Resilience Hubs A = - - éﬂ-\ﬁi
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Stakeholder Participation

A fundamental part of this Targeted Watershess@ssment was tongage and work with individual

and organizational stakeholders and partnaighin the Charleston Harbdiatershed. Stakeholder
involvement can improve the quality of decisions and pali@gpecially in the context of complex
environmental and social challenges (Elliott 2016, Reed 2088%stakeholder engagement process

for the Charleston Harbowatershedwas designed to address fouraje: 1) inform a wide array of
stakeholders in the watershed of thassessmentits objectives and potential utility, and opportunities

to contribute to it; 2) inform the selection of fish and wildlife habitats and species, and their stressors;
3) identify and access the best existing local data to supplement regional and national data to be used
in the spatial assessments; andcdfalog proposedesilience project plans and ideas.

In addition to the overall Coastal Resilience Assessment Technicalemmth@GCommittees that

helped to guide th& argeted Watershed$sessmengoals and deliverables and provide feedback at

key points in theprocesgsuch as reviewing the figindwildlife habitat layers, resilience project sites

for site visits, and finalase studies)a Charleston Harbowatershed Committee was formed

consisting of local experts from NOAA, the South Atldrditdscape Conservation CooperativE

South Carolina Department of Natural Resources, South Carolina Aquarium, South Cardiiren§ea
South Carolina Department of Health & Environmental Control, U.S. Army Corps of Enginéers
NFWEThis committee helped to identify relevant stakeholders to engage, determine times and places
of stakeholder workshops, and compile the initiahfand wildlife element list and associated data.
{LISOAFTAO AYRAGARdAzZLE YR AyadaAaddziazylf NBfSa | yR
section.

Over 35 participants including federal and state agency representatives, NGO staff, local elected
officials and municipal staff, and citizens representing their communities were engaged in the
stakeholder process through web meetingspirson workshops, and followp activities such asite
visits to proposed resilience project sitégiditional detdls on key stakeholder inputs, details about
the stakeholder process, and the committee structure that guidedagsessmentan be found in
Appendix 1

Components of thAdssessment

For each component described beloaw inset ofFigure 3
above is repeateddentifying in red outline the component
being describedh relation to the other three components.
° "

+

Open Space —

Largecontiguous areas of habitat may providwitual ey e
resilience benefits to HCAs and fish and wildll&sreents +

especially with the implementation of resilience projects  rish and wilaiite SR et
Identifying these areas of open space serves as a firstiistep : =
identifying high valué&esilienceHubswhere prospective A

Resilience Hubs

conservation and restoration projecteuldcontribute to
resilience and benefit fish and wildliféhe method for
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scoring the value of thelubs using results from the watershed assessments is further described
below.

Mapping Open Space

Theprocess of delineating open spaisedescribedn the Regional Assessmdtobson et al. 2019
andincorporates

1. Protected areaswhicharedefined adands that are part of the USGS Protected Areas
Database of the United States (PRI3).

2. Unprotected pivately owned lands with contiguous habitats dentified from the USGS
National Land Cover Database (NLCD). The open space areas were further processed to
remove impervious surfaces and deep marine ar®dishin the Regional Assessment
methodology, these areasere also analyzedsing acommunity exposre index to highlight
areas of higher exposure and areas that are near or adjacent to communities.

Once qen spacareaswereidentified in theRegionalAssessmentthose open spaces within the
target watershed were further refineds follows:

1. Protectedareas were augmented with locah@Nature Conservancy (TN@ataon protected
properties All protected area polygons were intersected with tResilienceHubsas identified
in the Regional Assessmantdistinguish protected from unprotected areas.

2. Hubs with shorelines (rivers or coastal) were supplemented thig¢fiNational Hydrography
Dataset (NHD{p includewaters within a50-meter buffer to add nearshore habitat areas that
could provide locations for aquatic resilience projects such as oystés oeenarsh
protection/restoration.

3. Impervious surfaces were deleted from thHebsusingthe National Land Cover Database
(Homer et al. 2011and Topologically Integrated Geographic Encoding and Referencing
(TIGER) roads data (U.S. Census 20h&removed areas might bg@rotected buthave
pavement orstructures in place that would limit restoratiactions

4. Tracts that were less thdive acres (mostly slivers resulting after deleting impervious surfaces
and splitting polygons) were removed from consiatén. For the purposes of this
assessmentreas under this thresholdere assumed to havsignificantly less potential for
improving community resilience or supporting fish and wildlife in meaningful, measurable
terms.
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Community Vulnerability

Assessingommunity vulnerability is a process of examining
where and howassets within a communityay be impacted
by flooding threats. Understanding where people and
infrastructure are most exposed and vulnerable to threats

Open Space

+

can help communities assess where they most at risk Community
. . Vulnerability TS ik
and where actions may need to be taken to increase - —
resilience. +
] ) ) Fish and Wildlife g AT : B
Human Community Asset Weighted Richness Index oy
For the purposes of this assessmdrtiman Community 7%

Resilience Hubs o

Assets (HCAs) data were selected to represgyritical

infrastructure and facilities essential for community recovery

post-storm event,2) areas of dense human population, aBisocially vulnerable populations. They
are not intended to be comprehensive; for example, not all roads are included sigéihfocus on
storm escape routeslhe Regional Assessmédentified a suite of HCAs that were used in this
Targeted Watershed assessmenhhe selected HCAs adefined below (see alsthie Regional
AssessmenReport[Dobson et al. 2019 Tablel provides further breakdown of the HCAs as
represented in the spatial assessment and the importance weightings derived from the Regional
AssessmentfTable 2provides additional detail on the critical facilities category and sources of data

Human Community Assettegories are defined as follows:

Critical FacilitiesSchools, hospitals, nursing homes, and fire and police stations are just a few of the
types of facilities included as critical facilities. These services are considered critical in the operation of
other community infrastructure types, such as residences, commercial, industrial, and public
properties that themselves are not HCAs in this assessment. Critical facilities were drawn from the
National Structures Dataset and inclu@eeTable 2for additional detail)

Schools or educational facilities (class 730) (often used as shelters during disasters)
Emergency Response and Law Enforcement facilities (class 740)

Health and Medical facilities (class 800)

Government and military facilities (class 830)

Critical Infrastructure A variety of additional infrastructure is included that may help communities

with emergency evacuation, building economic resilience, and identifying infrastructure (e.g., dams)
that may require more extensive and lotgym plannirg and permitting Table2). Other critical
infrastructure includes airport runways, primary transportation routes, ports, refineries, hazardous
chemical facilities, power plants, etc. Coastal infrastructure is expected to be increasingly at risk due to
major inundation from storm surge and sea level rise. Infrastructure that was considered an important
economic asset was also includetich as fishing ports.

Population Density This category was included because denser populations irlnigat areas will
lead to more people being exposed to flooding threats. Density was calculated by Census Block for
each region based on the 2010 Census.
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Social Vulnerability Social vulnerability varies geographically in coastal areas where there are large
socioeconomic@ LI NA G ASad ¢KA& AyLdzi A& YSIFyd (2 AYRAOLF G
cope with the effects of hazards, which is important to consider because more disadvantaged

households are typically found more threatenedareas of cities, putting them ame at risk to

flooding, disease, and other chronic stresses. The input considers certain demographic criteria such as
minority populations, lowincome, high school completion rate, linguistic isolation, and percent of

population below five or over 64 yespf age. To account for regional differences and remove any

unnecessary bias in the modeling, the source data were processed with a quintile distribution with the
Weighted Linear Combination method to rank social vulnerability using a weight value fa§ey

Census Block Group at the national level.

Tablel. Human Community Assetscluded in the assessment and their importance weightings.

Human Community Assets Description Adjusted Weight

Facilities (i.e.schools, hospitals, fire/police stations)
Critical Facilities providing services that are critical in the operation of a 1
community.

Lowspatial concentration of infrastructure (i.e., dams,
Critical Infrastructure (Rank 1) |evacuation routes, water treatment plants, enengiants, 0.2
etc.).

Medium spatial concentration of infrastructure (i.e., dam
Critical Infrastructure (Rank 2) |evacuation routes, water treatment plants, energy plants 0.4
etc.).

Highspatial concentration of infrastructure (i.e., dams,
Critical Infrastructure (Rank 3) |evacuation routes, water treatment plants, energy plants 0.6
etc.)

Resilience of communities when confronted by external
Social Vulnerability stresses on human health, stresses such as natural or 0.2
humancaused disasters, or disease outbreaks.

Lowtotal density calculated by Census Block for each

Population Density (Rank 1) region based on the 2010 Census. 0.2
Popaton Densty (k) LoTESOR ety ity G Sk
Popton Densty (k) eSO Eret ooy Censa Bl r sl
Popaton Densty (a4 WSSO 0 srsy et Cersus B0 4
Population Density (Rank 5) Hightotal density calculated by Census Block for each 1

region based on the 2010 Census.
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Table2. Criticalinfrastructure categories and sources of data.

Critical Infrastructure Category Data Source

'{5h¢k. dzNBl dz 2F ¢ NI yaL}2 NI {
Transportation Atlas Database (2015 or later)

EIA860, Annual Electric Generator Report,-B6OM, Monthly
Power plants Update to the Annual Electri@enerator Report and E923,
Power Plant Operations Report (2016 or later)

Ports

\Wastewater treatment facilities USGS National Structures Dataset Gil#B 10.br later

'{5h¢k. dzNBl dz 2F ¢ NI yaL}2 NI {
Transportation Atlas Database (2015 or later)

Railroads

Airport runways National Transportation Atlas Database (2015 or later)

National Transportation Atlas Databag®l.09 (2015) or later;
on behalf of the Federal Highway Administration

National Highway Planning Network

Homeland Security: Homelardfrastructure Foundation Leve)
Data (2007 or later)

Major dams USDOT/Bureau of StatistidgAD (2015 or later)

ElAy Mp X ba2yiKteée .dzZ 1 ¢SNYAY
RefineriesElA820 Refinery Capacity Report (2015 or later)

EIA, Federal Energy Regulatory Commission, and U.S. Def
Natural gasterminals andprocessingplants  [TransportationProcessig Plants EIA757, Natural Gas
Processing Plant Survey (2015 or later)

National Bridge Inventory Federal Highwardministration, NBI v.7, NTAD (2015 or late
Hazardoudacilities &sites EPA Facility Registry Service (2016 or later)

Evacuation routes

Petroleum terminals andefineries

The HCA weightedchness indexexpresses valighased on the number of HCAs present in a location
and their importance weights. The HCAs were combingte Vista DSS usiitg Conservation Value
Summary functiohby first assigning a weighting factor that approximatke tanked weights used in
the Regional Assessment (d&eor! Reference source not fourddl. For the purposesf the Targeted W
atershed Asessment,tte weights used in the Regional Assessméhttowest importance, 5=
highest)were adjusted to a4l scale (1=0.2, 2=0.4, 3=0.6, 4=0.8, 5=1). Next, the HCAsvezlaid,

and theiradjustedweights summed for each pixel.

Flooding Threats

Flooding threatsvere used to assess Community Vulnerability (described below) and Fish and Wildlife
Vulnerability (described later). The flooding threats usethenTargeted VitershedAssessment are
summarized below and illustrated Figure4. Additional details and assumptions in their use in the
vulnerability assessments is provideddippendix2.

Storm surge (with values of3, which are based on hurricane categorie§)1

3 A Conservation Value Summary is a surface of mapped values that are the output of a Vista DSS overlay
function that allows for a wide range of calculations based on element layers andpeseified attributes.
Examples include richness (the number oftegping elements at a location) and weighted richness where, for
example, a simple richness index is modified by the modeled condition of elements.
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Flood zones (100 and 5§@ar floodplains and flocday9

Sea level riseofie foot was used to correspond with an approximate&Byear planning time
frame)

Flood prone areas (flat topography with poorly draining soils)
Moderate to high erosion potential

Subsidence
% './év
EA ‘ «;?“;;J'
‘f.'- ‘\‘_; e
; 7
Storm Surge Flood Zones Sea Level Erosion Subsidence
Rise Potential Potential

Figure4. Flooding threats used to assess community vulnerabilBL.R = sea level rise.

The flooding threats used in the Targeted Watershedeéssments differed slightly from those used in
the Regional Assessme@pecifically,tte Threats Indexised inthe Regional Assessmenas
generatedusing an ordinal combination method and is presented in the Results sedftthis report

for illustration purposesUnlike the Targeted Vtershed Assessmentsll inputsused in the Regional
Assessmentvere ranked on a3 scale, representing the risk of impact (not the degree of impact) and
includedafive-foot sea level risehange See the Regional Assasent report for more details on
methods(Dobson et al. 2019In this Targeted Watershed Assessment, a-fowe sea level rise

change was used.

Community Vulnerability Assessment

Unlike the Regional Assessments, fhesgeted VdtershedAssessment went beyond assessing

exposure (which examines which, if any, threats an HCA overlaps with and may include intensity of the
threat at different levels of storm surge) by assessing vulnerability to threats. Assessing vulnerability
includes considation of the sensitivity of an HCA to the threat it is exposed to, and its adaptive
capacity to recover from the impact of that threat (IPCC 2007). Therefore, in this assessment the
coexistence of a threat with an HCA does not necessarily equate to ablhigr. The method for

assessing vulnerability of HCAs is illustrateligure5 and details are provided iAppendix2 and

Appendix3. The basic steps, implemented through the Vista DSS asttalied inFigure5 are:

1. Intersect HCAs with the flooding threats

2. Apply the HCA vulnerability model

3. Generate individual HCA vulnerability maps
4

Sumthe results across all HCAs to develop the Community Vulnerability Index. This peovides
sum of the number of vulnerable HCAs for every location.
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[ Sum
vulnerable
HCAs
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Individual Community
HCAs HCA Vulnerability
vulnerability Index

Vulnerability Model

Figure5. Community vulnerability assessment procestiman Community AssetdCA¥are intersected with
the flooding threats, a vulnerability model is applied, and individual HCA results are summed to create the
Community Vulnerability Index.

Fish and Wildlife

The Regional Assessment only used those fish and wildlife ¢~*~
that were available nationwide. While this allowed for

consistent data coverage over the entire study area,
Open Space

nationwide fish and wildlife data are very coarse. Therefore, "I
the Targeted Watershed Assessmestdlocal datawvhen . A:
available which facilitated a more accueaand higher Valnerability "R IHINRE LY W

resolution fish and wildlife analysis.

+

To better understand where high value areas of fish, wildlife S B R AN =S
and associated habitat exist in the region, sevaralyses 2R

were conducted focused amappable fish anavildlife species, resiionce Hubs £33 |

habitats, andbther related features of conservation

AAIYATFAOFYOS ONBFSNNBR (2 Ay (GKA& NBLRNI a aFAal
GSEtSYSyidaeg 2N aayLie aStSYSydacdod ¢KAa aSOuaazy 2-
selection processaandthe development of conservatn value indicesSpecificallytwo indiceswere

calculated tanform the Resilience Hulzharacterization andcoringused in the Targeted Watershed
Assessmenfsee section belowt) a Fish and Wildlife Richness Ingdard2) aFish and Wildlife

Conditicn-Weighted Index. Though not used directly in the hub prioritization, a Fish and Wildlife
Vulnerabilityindexwas also conducted and is likely to be of significant interest to stakeholders

wanting to extend or further explore coastal resilience and fisth aiidlife vulnerability The Fish and

Wildlife Vulnerabilityndexis described ilA\ppendix4.

Selection of Fish and Wildlife Elements

To facilitatethe identification of areas in the watershed important for fish and wildlife conservation,
restoration, and resilience, a set of mapped fish and wildlife elements of interest was first established.
This was achieved via the following steps:
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1. Establishment ban initial list of fish and wildlife elements based on explicit criteria (see
below);

2. Review and refinement of this list based on extensive consultation with a diverse set of local
experts and other stakeholders;

3. Identification and evaluation of relevaand appropriate spatial data to represent each
element;and

4. Finalization of the element set based on input from local experts, the Watershed Committee,
and other stakeholders.

For stepone, national and local experts applisdveralcriteria to establistan initial set of target fish

and wildlife species, species groups, species habitat segmentarfegyratory, breeding, or rearing

habitat), or broad habitat units of significance occurring in this watershed. For inclusion, elements had
to: 1) satisfy ateast one of the inclusion criteria listed belpand 2) be mappable via relevant and
available spatial data of sufficient coverage and accuracy to fairly represent the element (as
determined by expert review).

For inclusion, elements musteetone or moreof the followingcriteria:

A NOAA Trust Resoufce
A formally recognized aisk species based on its inclusion in one of the following categories
at the time of this assessment including:
I alL)lSOASa fAalSR Fa WSyRIy3aSQhePBrevRians i KNS G S
Endangered Species Act (ESA)
A species with a NatureServe global imperilment rank of G1, G2 for G3
A species with a NatureServe state imperilment rank of S1, S2, or S3

A State Species of Greatest Conservation Need (SGCN) as raoardednt State
Wildlife Action Plans

A distinctive ecological system or species congregation area that represents habitat important
to at-risk species and/or species of significance to stakeholders in the region. Examples might
include heron rookeries #it represent important wading bird habitat or tidal marsh

representing shrimp nursery areas and diamondback terrapin habitat; or

A species or population of commercial, recreational, or iconic importance in the watershed.
This includes:

4 NOAA trust resources are living marine resources that include: Commercial and recreational fishegeseguarine fish

and shellfish and their habitats); Anadromous species (fish, such as salmon and striped bass, that spawn in freshwater and
then migrate to the sea); Endangered and threatened marine species and their habitats; marine mammals, turttesiy and
habitats; Marshes, mangroves, seagrass beds, coral reefs, and other coastal habitats; and Resources associated with National
Marine Sanctuaries and National Estuarine Research Reserves (NOAA 2015).

5 These categories are established by th& Endanged Species Act of 1973, as amended through the 100th Congress
(United States Government 1988) (See this factsheet for further explandatigus://www.fws.gov/endangered/esa
library/pdf/ESA_basics.pyf

6 These categories, used throughout the Americas are documented in the publibitareServe Conservation Status
Assessments: Methodology for Agjning Ranks (Fabdrangendoen et al. 201ZAvailable here:
http://www.natureserve.org/sites/default/files/publications/files/natureserveconservationstatusmethodology junl12 D.pdf
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Fish or wildlife spcies or populations of significant commercial value,

Fish or wildliferelated features that confer resilience to biodiversity or human assets
(such as oyster beds which have high economic significance as a fishery component
and/or play a valuable role iooastal resilience by virtue of their physical structure
which in many cases mitigates destructive wave action and storm surge impacts),
Fish or wildlife populations or wildlife habite¢lated features that provide unique
recreational opportunities (sucas Atlantic Beach and Dune habitat that provides key
habitat while also providing recreational opportunities for visitors), and/or

Iconic species that define the watershed and/or distinguish it from other geographies
and represent species that have conssign support.

Elements were organized into the following broad categories: NOAA Trust ResdwRBésk Species
and Multispecies Aggregations, Distinctive Ecological Systems and Species Congregation Areas
Supporting One or More Specjéssh oWildlife-related Areas of KessconomicCultural or
Recreational Significance, and Croa#ting Elements.

Stressors

Qurrent fish and wildlife stressors were identified during stakeholder workshops and available data
were identified to represenéach These stressors include land use and infrastructure, roads, dredging
material placement areagnd water qualityKigure6). The complete list, descriptions, and data
sources for fish and wildlife stressongluded in this assessmeate presentedin Appendix2.

The response of the fish and wildlife elements to these stressors results in a calculation of current
condition as described further in the Fish and Wildlife Vulnerability Assessment section and in
Appendix2 and Appendix3. The individual fish and wildlife element condition scores are then added
together for each location to create the Fish and Wildlife ConditMeighted Richness Index.

R £ 2
‘ N
Land Uses Water Quality Dredge Roads
Materials

Figure6. Fish and wildlife stressors used to model current habitat condition.
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Fish and Wildlife Indices

The Fish and Wildlife Richnessdrdesults from a simple overlay and sum of the number of elements
occurring in each location. The method for generating the Richness Index is illustr&igdrier and
was conducted using the Conservation Value Summary function in the Vista DSS.

i

Sum # of elements

\ 4

Fish & Wildlife Element
Data

Fish & Wildlife Richness
Index
Figure7. Method for generating the Fish and Wildlife Richness Ind&k.elements are overlaid and the sum of
elements occurring in a location is calculated.

ConditionWeighted Fish and Wildlife Richness Index

The Condition Weighted Fisind Wildlife Richness Index is a sum of the condition scores for each fish
and wildlife element at a location. While the richness index described above cdhesyaue of a
location as a factor of how many fish and wildlife elements occur there ntieximodifies the value

to consider the currentondition of the elementsCondition scores are generated as an intermediate
step in a vulnerability assessment modeling process describ&dpandix4. The method is illustrated

in Figure8. It consiss of the following steps which are further describeddppendix2 and Appendix

3.

1. Intersect fish and wildlife elements with the fish anddlife stressors.

Apply the relevant element vulnerability models (g&gpendix3 for parameters and
assumptions)

Generate individual element conditianaps.
Sum the condition scores of each element in each pixel to calculate the Index.
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Sum individual

condition scores

A
Stressors Individual ¢
element (27 ashe
condition .
- & d
Fish & Wildlife Data Vulnerability Models
Terrestrial
Freshwater Fish & Wildlife Condition-
Estuarine Weighted Richness Index

Figure8. Method for generating the Fish and Wildlife ConditiaNeighted Richness Indekish and wildlife
elements are intersected witktressors, the vulnerability model is appli@d individual element condition
results are summed.

Resilience Hub Characterization and Scoring

Onceopenspace areas were delineatexs described above

they were segmented into assessment units. Assessmen

units are approximatelf00-acresubdivisions of the

ResilienceHubs to facilitate scoring and understanding of ~ *"" ¥ 7 e m—y
how resilience valugdiffer across théHubs.Hubs were N
subdivided by first intersecting the protected areas (USGS  vamerabiity

e YA v W
GAP 2016) polygons; then remaining polygons larger thar X p
100 acres were segmented by EOO-acrefishnet grid. This

. . . . .. Fish and Wildlife
provided a relatively uniform size for the assessment units S re—
and, therefoe, more consistency in scoring (i.e., a very lar > Sy
unit does not accrue a higher value than much smaller UNfResiience Hubs| 0 @

because it contains more fish and wildlife elements as a

factor of its size). Th&00-acreassessment units provide a reasonable size for digiiing

differences in value across the watershed and directing those developing resilience project proposals
to appropriatelysized areas.

Each assessment unit was then assigaedlue(using theformula below)for their potential to
providemutual comnunity resilience and fish and wildlife benefits. The scores range frosh.0.@ith

1.0 being the highest or most desirable value for the resilience objectives. The methods are illustrated
by Figure9.
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Weighted Community
WVulnerability Index

Additional values:

Calculat
Current Landscape aicuis Et
—> i assessmen
4, Condition, Marsh i
L Migration unit scores Y
A & A i’

Scored Watershed

Fish & Wildlite Resilience Hubs
Richness Index

Figure9. Method forscorng watershed Resilience HubResilience Hub assessment unitse scoredased on
their community resilience and fish and wildlife.

Theattributes used in the scoring, their rationale, and spedifilties assignetb each assessment unit
are:

WeightedCommunity Vulnerability The weighted richness #fCA with vulnerability to

flooding threats falling within eachssessment unit. This is a combinatiorhef Community
Vulnerability Index and HCA Weighted Richness li@g attribute was used as a stigp

attractor of resilience projects to increase resilience to HCAs modeled to be vulnérhble.

index has aalue of zerofithe HCA Flooding Threats Exposungex is zero, otherwise it is the
value from the HCA Weighted Richness. Focal statistics werkta summarize this combined

map using a 1km radius and these results were summed to each assessment unit using zonal
statistics. This is an intermediate product used only to score Resilience Hubs and therefore not
depicted in the Results section.

Fishand Wildlife Richness Indexhe number of fish and wildlife elements falling within each
assessment unifThis attribute was used to increase the value of areas that could benefit
more fish and wildlife elements relative to places with fewer elements.

Future Marsh Migration Inde¥ ¢ KA & | G NR 0 dzi S -fhclisedlévél B8 2y bh! !
marsh migration models (NOAA 2018). The rationale is that areas modeled to support future

marsh habitat will be able to provide ongoing fistdamildlife value with atdast threefeet of

sea leel rise. While changes (e.g., one foot of sea level rise) may not occur until well into the

future, conservation and restoration of these areas should begin now to prepare for future

changes. Areas were assigned a onéf {he assessment unitvas projected to have estuarine

marshes.

Restorability IndexThisattribute is based on theurrent condition as modeled from the
existing fish and wildlife stressors as well as its protection statuges the value of an
assessment univased on the average
The protected areas assessment units are of interestdstoration to improve the
viability of elements within them (as they are already protected from conversion to
more intensive uses). Therefore, they were scored as
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y 1 (highpriority) if the elements are in moderate condition (score > 0.3 and <
0.7) and can be impkad through significant restoration actipn
y 0.5 (medium priority) if the elements are currently in good conditsco(e>
0.7), requiring no to little restorationor
Yy 0 (low priority) for low conditiongcore< 0.3, considered to have lower
prospects/higher cost for successful restoration.
Private open space areas would benefit frboth conservation andestoration
and/or protection Therefore, they were scoredsa
y 1 (high priority)for all moderate to good conditions (score > Q@)
Yy 0 (low priority) for low condition (score < (,&onsidered to have lower
prospects/higher cost for successful restoration and would hold little
conservation value

A final scorevas calculated for each hub using the above indices. A higher score indicates a higher
value. The algorithm used to combine the indivalues is:

(@max(@) * 4) + ({max(@) +M) * R

Where:Cis the Weighted Community Vulnerability
Fis the Fish and WildlifRichness$ndex
M is the Future Marsh Migration Index and
Ris the Restorability Index

The score multipliers in the algorithm emphasize the relative importance of vulnerable HCAs in/near
the hub assessment units and restorékibf habitat. While the scoring emphasized the objectives of
this Targeted VdtershedAssessmentthe component values from the indices in the assessment units
are contained in théesilienceHubs GIS map and can be used to support other objectives. For
example, those most interested in protecting HCAs will be interested in hub areas with highest
community vulnerability scores. Similarly, those most interested in fish and wildlife conservation and
restoration can likewise find areas to support that objeeti

Resilience Projects

Location data and descriptive informatiatoutresilience project plans and ideas were gathered from
stakeholders (see Stakeholder and Partner Engagement method&gehdixl). It is hoped that this

list of projects can help match conservation and resilience need to appropriate funding sources and
interested implementersWhile an extensive outreach effort was conducteddentify relevant

projects, it is possible that, at the time of this assessment, additional relevant project plans and ideas
existed but were not submitted or otherwise brought to the attention of the project team.

Thesubmitted projects werereviewed forrelevance to the assessment objectiviEsxusngon their
ability to provide mutual benefits for community resilience and fish and wildlife. Relevant projects
with sufficient ancillary information including their location and geographic extenvere retainel

for further evaluation and consideration. Each project was evaluated fofoll@ving attributes.
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Calculated sizen acres The size in acres of the polygon representing the project area.
Alternatively, submitters could enter an estimated size if proundaries had not been
developed.

lfAIYyYSYl 6AGK bh! ! Qa YAadAiAzys LINRINIYaEAZ Yy
FfAIYYSYlHh 6AGK '{1/9Q&8 YA&aaAirzy>x LINRPINIYaxz |
Addressingtsessors and threats mapped in the project polygon

R
Yy R

Project addresses the main threats: Asseldsg comparing the list of threats to the proposed
actions of the project

Project proximity to a resilience hub: A Yes/No indicator for whether the project falls within
onekilometer (0.62 milespf any Resilience b

Community Vulnerability Index: The amge value of the regional Community Vulnerability
Index for the project polygon

Number of HCAs found within the project polygon

List of the HCAs mapped within the project polygon

Number and percentage of the HCAs within the project polygon thatlesenated non
viable in the Coastal Threats scenario evaluation

Number of fish and wildlife elements found within the project polygon
List of the fish and wildlife elements mapped within the project polygon
Number and percentage of the fish and wildlements vulnerable to flooding threats

This information was used to select a subset of projects for site visits and case studies (see Results
section). The completlist of projectssubmitted is presented in Appendix 7

Site Visits

Five projects were setted for site visit®f which three weralevelopedinto the case studies found in

the Results section. A spreadsheet containing information on all projects provided by the proponents
and corresponding indices calculated using the above steps was praciddeVF. The Technical and
SteeringCommittees analyzed the project information to identify projects most appropriate for site
visits. Once selected, site visits were scheduled with project proponéfatershedand Technical
Committee members were invitet participate

Site visits were conducted by representatives from NOAA, NFWF, and NatureServe. For each site visit,

the assessment team spetwo to four hours takingohotosand compiling answers to a set of

questions meant toncreaseunderstandngofi KS LIN2 2S O Qa Ligple®entatiorr f 06 Sy ST
challenges. Information gathered from the site visitgsused to select three projects be used as

the focusfor detailedcase studiegsee Case Studies section below).
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Results

This section portraythe key set of products primarily focused on the resulting Resilience Hubs and
key indicesManymap and tabular products were generated for thisrgeted Watershedssessment

In addition to this report, &y results may begiewed in the Coastal ResilienEgaluation and Siting

Tool (CREST), which is an interaatinkne mapping tool that includes results for the Regional
Assessment and each of the eight Targeted Watersheds (availataleilantcoasts.ory CREST can

also be used to download data includitigp Charleston Harbor Watershed NatureServe Vista decision
support project whichincludes the input data and useful intermediate produitiat can beupdated
andcustomizel. Prior tousing these results for any decisions, please see the limitations described in
the Conclusions section.

Flooding Threats

The effects of the flooding threats on the vulnerabilitthfiman Community AssetslCAyand fish

and wildlife elements are treated dlividually in theassessment model (se&ppendix?); therefore, a
separate threats index was not generatédh analog to a threats index can be found\ppendix2,
which contains the results of four models of how wildlife stressors and flooding threats may
cumulatively impact the condition of HCAarestrial wildlife, freshwater fish and wildlife, and
estuarine fish and wildlifeThe Threat Indegeneratedin the Regional Assessment is provided below
(Figurel0) to illustrate the accumulation of flooding threats across @igarlestorHarbor Watershed.
TheThreatsIndexused in the Regional Assessména combination of the number and probability of
occurrence of the flooding threats in each location (Be#son et al. 201fr more information).
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Threat Index
High

Medium

- Low

Figure10. Weighted Threathdexfor the Charleston Harbor Watershedlap showsthe number of overlapping
threats modified by a weighting based on their probability of occurrence.

Suggested Uses

Understanding which threats occur in a location can inform whether action needs to be taken,
whether proposed actions can mitigate all threats anticipated for an area, and what measures would
be most appropriate to mitigate threats if mitigationesenfeasible.
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Human Community Asset

HCA Weighted Richness Index

This index indicates areas of HCA concentrat{bigaire 1). Darker shades can be an indication of
overlapping HCAs, higher or lower importance weightings, or both.

HCA Weighted
Richness

High

Medium

- Low

Figure 11. Human CommunityAsset HCA Weighted Richness Indefor the Charleston Harbor Watershed
Darker shades indicate higher value based on the number and importance weightings of HCAs in each location.
Gray areas within the project boundary represent areas with no mapped HCAs.
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Community Vulnerability Index

This assessment evaluated the vulagitity of the HCA# flooding threats. The score of any location
in the indexis based on the number of vulnerable HCAs at that locatibgure 12.

# of HCAs Vulnerable to Flooding

Areas with HCAs not
vulnerable to flooding

Figurel2. Community Vulnerabilityndexfor the Charleston Harbor WatersheéPink to red shades indicate the
number ofHuman Community Assetd CAlexposed tdlooding relatedthreats. Tan areas indicate areas of low
to no impact from the flooding threat&ray within the project boundarngpresents areas with no mapped HCAs.

Vulnerability is highest in the immediate coastal areas where there are concentrations of HCAs
exposed to the largest number of overlapping threats. Areas of vulnerability farther inland are largely
due to precipitatbn-caused flooding threats (flood zones and flat areas with poorly draining soils). The
Charleston peninsula is a hot spot of vulnerability based on the high concentration of HCAs and the
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large number of overlapping flooding thredtswhichthey are exposd. Smaller communities such as
McClellanvillenortheast from Charlestonlong the coastalso represents local concentrations of

@dzt ySNIoftS 1/ ! ad ¢KAA& NB histeryof hurriangdffdcts, BdpdcisliiRthed &  a O/ |
high-level of imp&t to the community from Hurricane Hugo in 1988e coast along this watershed

contains extensive beaches and wetlands that currently provide some buffering from storms

however,the adjacency of the Intracoastal Waterway may introduce additional chaketw

mitigating flooding threatsBuilding beaches and wetlandsay provide a resiliencduilding

opportunity.

Suggested Uses

The HCA Weighted Richness Index can focus planning efforts by directing planners to the areas with
concentrations of highest wenged assets or those most important tebuilding or responding to

threats. The Community Vulnerability Index communicates threat to human community assets
wherever they occur as well as concentrated areas of threat. Therefore, it can support the intended
objectives of siting and designing resilience projects to reduce threats to HCAs. It can also support
coastal hazard/emergency management and land use planning to proactively address risks by
understanding threatened assets, areas, and types of threats.

Fsh and Wildlife Value Indices

Fish and wildlife indices are overlays or combinations of the fish and wildlife elements intended to
express value based on where the elements are mapped.

Richness dfish andwildlife Hements

This indexKigurel3) represeits the number of elements that overlap in any location. It conveys value
through the concept that areas with more elements (darker green shades) will provide more
opportunities for conserving/restoring fish and wildlife than areas \aitbw number ofelements

(lighter green shades).
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Figurel13. Richness dfish andwildlife elementsin the Charleston Harbor Watershe@&reen shades indicate the
number of elements found in a locatidBrayareaswithin the project boundarpaveno mappedfish and wildfie
elements considered in this assessment.

ConditionweightedRchness ofish andwildlife Hements

The Fish and Wildlife Conditiaveighted Richnessitlex Figurel4) modifies the richness map above
by incorporating the modeled condition of elements tlverlap in any location. This analysis used a
sum of the condition scores of all elements overlapping in a pixel. It conveys value through the
concept that areas with more elements of higher condition are important to conseuviée areas

with moderatescores may provide opportunities for restoration. Areas of low scores either have few
elements orthe elementspresent arein poor condition andherefore,may not represent the highest
priorities for future projects with a goal of maximizing fish and kfddenefits.
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Fish and Wildlife
Condition-weighted
Richness
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Figure 14. Fish andwildlife Conditionweighted Richness Indesesults for the Charleston Harbor Watershed
Green shades indicate the added condition scores of the elements found in a location, with a maximum value of
oneper elementGrey areas within the project boundary signify areas with no mapped fish and wildlife elements.

Richness and condition are currently highest in the immediate coastal areas and in the Francis Marion
National Foresthat occupies a large portion of the nbgastern side of the study are®hen viewed

at the full extent of the watershed, the differences between tidness and conditicweighted
richnessndices appear subt|éut significant differences can be seen in the harbor @nithe rivers

around Chdeston where the water quality data anaf modeled water qualitglatareducethe
conditionweighted richnesindex valugFigurel4) compared to the richness indekigurel3). While

in the Francis Marion National Forest, the richness index shows modeakte due to having fewer
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mapped fish and wildlife elements, the conditiareighted richness index shows higher values due to
the higher modeled condition of the elements.

Suggested Uses

The primary use of these indices, besides informing the scorifiglsf and resilience project
attributes, is to support fish and wildlife conservation decisions (subject to the limitation that these
indices only apply to the elements selected for this assessment). Richness informs areas to target
larger numbers of elemds. Converselythe conditionweighted index adds information as to whether
a location is amenable to simple protection efforts becauseatrsadyin good condition, oif a

location maybenefit from restoration becausis condition and/or function ismpaired or less than
pristine.

Resilience Hubs

ResiliencdHubs are areas of opportunity for conservation actions, such as resilience projects, that
have the potential for providing mutual benefits for HCAs and fish and wildlife elements.

The Hubs incorpeate community vulnerability and wildlife valuand therefore they can be an

important input to planning for more resilient land use, emergency management, and green
infrastructure. As an integrative product, tiesilienceHubs also serve as a vehicte tollaborative
planning and action among different agencies and/organizations. Such collaborative approaches can
leverage multiple resources to achieve more objectives with significantly greater benefits than
uncoordinated actions.

ResiliencaHubs are baed on undeveloped open spaces of protecbedinprotectedprivately owned
lands and watersHigurel5) that are in proximity to concentrations of vulnerable HCRseseopen
spaceareaswere segmented into distindResilienceHubsbased on the Regional gessmen{Dobson
et al. 2019. For this Targeted Watershe&sessment, tbs were further segmented intossaessment
units (LOO-acreareas)andscored as explained in tidethods OverviewScores convey value based
on project objectives for siting resilienpeojects with mutual benefits for HCAs and fish and wildlife.
Scoring the assessment units is important because value is not uniform ad#lobs iachanges based
on proximity to vulnerable HCAs and richness of fish and wildlife elements.
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Private Open Space

Figurel5. Undeveloped potected areas andinprotectedprivately ownedareasof open spacén the Charleston
Harbor WatershedMap displays he distributionthese areasvithin Resilience tibsidentifiedin the study area
and therefore does not include all such aredihin the study area

By designResilienceHubs occur where concentrations of vulnerable HCAg&asgimate toopen

space areas. The size dfflab does not equate to importance and instead is a factor of available open
space near HCA concentrations (§égurel6 with assessment unit scoring). ldentifying which

portions ofHubs are already protected determines what actions may be most suitable. Expanding,
restoring the condition of, or increasing connectivity between protected areas can increase resilienc
in these areas. Unprotected sites, if in good condition, may only need added protection to ensure
longterm resilience benefits. In places where conditions are impaired, restoration is often the most
appropriate path to increase resilience.
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Resilience His Assessment Unit Scores

The scoring of the assessment units of BesilienceHubs,as described in the Method3verview

was intended to convey the differing values for providing resilience and fish and wildlife benefits
within the Hubs.In total, 10,567 assessment units were analyzed and scored within the Charleston
Harbor WatershedHighest scoring assessment upitsdark blueare locatednearest concentrations
of vulnerable HCAsvhereas areas that have little benefit to human commityresilience or benefit

to fish and wildlife are in yellofrigurel6).

Relative Scores of
of Assessment Units

Figure16. Resilience Hubs assessment unit relative scores for the Charleston Harbor Watesssessment
units are 10@acre grids or smaller parcels. Darker shades have higbegsand thus greater potential to achieve
both community resilience and fish amildlife benefits. Gray areas are outside of Hubs.
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The highest scoring portions of thHesilienceHubs cluster in and around the greater Charleston metro
area where there a concentrations of vulnerable HCAs. There are notable exceptions; for example
the beach and dune strip on Isle of Palfdse east of the harbor mouttgontains one of the smallest

Hubs, but one of the highest scoring because it offers protection tatlj@acent community, contains
valuable habitat (including future habitat under SLR), and is subject to nearly all of the flooding threats
analyzed Its moderateto low condition score and lack of protected status make it a good candidate

for securing protetion and conducting restoration to address the many paths that cut through the
dunes.Three high scoringreas ofResilienceHubsare featured below and are associated with the

case study resilience projects.

Suggested Uses

TheResilienceHubs mapfor the CharlestorHarbor Watershedincorporate many of the key analyses
described hereirand therefore can inform many uses. The most direct use, as described in the project
objectivesis to inform desigrand sitingof, and investment intesilience projects iareas where they
can contribute to community resilience and benefit fish and wildlife. In addition to sitiegaluating
the potential benefits oprojects, decisions about what type of actions would be most appropriate
given the community context, fisdind wildlife present, and threats can be supported. This can be
done by reviewing the scoring attributes found in tHebs GIS map, ahdr viewing the map in the
context of other outputs such as the Community Vulnerability Index. While the scoring emgshasiz
areas providing mutual benefits, the individual inputs can assists indentifying areas of value
based on other objectivesuch as focusing only on community resilience needs or &neas
maximize fish and wildlife benefits.

Resilience Hubs ExalaAreas

Three of the highest scoring areas of the Resilience Hubs are characterized below to illustrate how the
assessment identified potentially valuable places for resilience projects. Note that these results were
provided to illustrate how the modedcores a location and are not field validated. Additionally, they do
not attempt to suggest specific actions that should be taken to increase resilience.

Long Branch Creek Resilience Hub Aseample

This hub area scored highly for resilience potentiablbseas a densely populated area located within
a tidal marsh, the location has the potentialltenefit both human assets and fish and wild(ifgure

17). Furthermore, sine this area was modeled to be a site for marsh migrationikitlis to retain at

least a portion of these benefits undathree-foot sealevelrise scenarioThis hub is already in good
condition as modeled under current fish and wildlife stressors, but condition would likely improve
further with the hydrologic Bhw restorationwork proposed in the Long Branch Creek resilience project
(see case studies section). In addition, this site could benefit from additional protection through land
acquisition or easement acquisition since it is not currently protected. Méitlye actions proposed in
the Long Branch Creek case study have the potential to help address flooding threats (storm surge,
future sea level rise, and/or high rainfall events), while also improving habit&efofish and wildlife
specieqsee Long Braih Creek case study featured in this report for more information).
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Figure 17. Long Branch Creek Resilience Halea example. The yellowblue shaded areas are the scor
Resilience Hub assessment units. The hub assessment unit outlined in pink isukedottecharacterize th

values in this example.

Elements in this assessment unit:
Forested Wetlands (nottidal)
Open Pine
Interior Live Oak Maritime Forest
Freshwater Emergent Wetlands
Marsh and Fish Habitat
Snapper Grouper Essential Fish Habitat
TidalSwamp
HCA elements in or near assessment unit:
Qritical InfrastructureRank 1 (Glen McConnell Parkway)
Population Density Ranks 2, 3, 4, and 5. Especially Rank 2.

Coastal Resilience Assessment of the Charleston Harbor Watershed

34



Table3. Attributes used to calculate the final score for theng Branch CredResilienceHubassessment unit
example The aluesfor each scoring attribute and the final score correspond to thealssbssment undutlined
in pink inFigurel7. See the Methods section for additional details on each scoring attribute.

Description ofScoring Atributes Score

Fish and wildlife richness (# of fish/wildlife elements out of 16 8

possible)

Presence of modeled marsh migration 1 (yes)

e et oo v 40ty
Restorabilityindex 1 (good candidate for protection)
Average Condition (1= current very high condition) 0.67 (moderate)

Finalscore 5.0 (rank #4 out of 10,567 units)

James Island Resilience Hub Area Example

James Island is a large, ying, densely populated island to the south of the Charleston peninsula.
The hub is a priority because its location is near areas of high population density and high priority fish
and wildlife habitats downstream (such as @yrsteefs and tidal marsh that support nursery habitat

for important fish and shellfish species). Therefore, any work in this hub has the potential to benefit
both human assets and fish and wildlife. This hub is in relatively poor current condition aschodel
under current fish and wildlife stressors, so natin@sed resilience projects could help improve the
condition through improved water quality and tidal flow. In addition, this hub site could benefit from
additional protection through land acquisitiom easement acquisition since it is not currently

protected.

The resilience hub assessment units near the Sea Island resilience project cagEigturel 8)

scored very highlgue to fish and wildlife richness, marsh migration areas, human asset vulilitgrab
and restorability Within the case study footprint, a channelized ditch/creek flows into a tidal marsh,
all surrounded by housing, parkland, a community center, and other key features. The
ditch/channelizectreekisthe focus of the case studjncechanges in the creek that would widen the
channel could reduce upstream flooding to the park and adjacent houses, in addition to improving
water gquality downstream as the freshwater hits tidal brackish marsh.
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Figure18. James IslandVetland Restoratim Hubarea example. The yellowblue shaded areas are the scored

resilience hub assessment units. filnbassessment undutlined inpinkis the one used to characterize the values
in this example.

Elements in this assessmarniit:
Forested Wetlandénon-tidal)

Interior Live Oak Maritime Forest

Marsh and Tidal Creek (including open water)
Tidal Swamp

Wading Bird and Ally Colonies

HCA elements in or near assessment unit:
Highway 171 near Riverland
Population Density Ranks 1, 2, 3, 4, and 5.
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Table4. Attributes used to calculate the final score for thilames Island Wetland RestoratidresilienceHub
assessment uniexample.The aluesfor each scoring attribute and the final score correspond to the hub

assessment unit outlined in pinkkigurel8. See the Methods section for additional details on each scoring
attribute.

Description ofScoring Attributes Score
Fish and wildlife richness (# of fish/wildlife elements out of 16 5
possible)

Presence of modeled marsh migration 1 (yes)

Weighted Humarasset vulnerability (normalized teDwith 1

meaning high vulnerability. SD 0.09, Mean 0.04) 1.0 (very high)

Restorability Index 1 (highly restorable)
Average Condition (1= current very high condition) 0.69 (moderately high)
Final score 5.4 (rank #1 otiof 10,567 units)

West Ashley Resilience Hub Area Example

West Ashley is a densely populated area just to the west of the Charleston peninsula (on the opposite
bank of the Ashley Rivdfigure 19. Much of this area is lolying and adjacent to tidal marshes

and/or tidal river areas. Thexamplehub assessment unit in this area scored higllyster Beds and

Reej becausét is near key human community assets and high priority fish and wildlife habitats (in
particular tidal marsh, oyster reefs, and essential fish habitat for shrimp, snapper and grouper). This
hub is in relatively poor current condition as modeled under curfisth and wildlife stressors, so
nature-based resilience projects could help improve the condition through restoration of key habitats.
Given that most of the overall hub is unprotectdaihd acquisitiorand/or the establishment of one or

more easemens would likely be effective actions for increasing resilience.

This areds adjacent to severdbcations that are part of proposd Crab faps to Oyster Befs project
(one of our three resilience projextiescribed in the Case Studies section of this rHpamthat

project, the repurposed crab traps would be installed in the tidal area offshore of West Ashley and
would serveashabitat for oystest potentially helpng reduce wave action that cagrode banks near
high population areas (sé@ase Study Zra Traps to Oyster Reefs for more information).
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Figure19. Assessment units in and around thgest Ashley Resilience Huthe yellowblue shaded areas are the
scored resilience hub assessment units. Atteassessment unibutlined in pink is the one used to characterize
the values in this example.

Elements in this assessment unit:
G1-G3 or SAS3 but not fireatenedand EdangeredTerrestrial

Interior Live Oak Maritime Forest
Important Riverine Systems
Diadromous Fish Habita
Marsh and Tidal Creek (including open water)
Shrimp Essential Fish Habitat
Snapper Grouper Essential Fish Habitat
Tidal Swamp
Oyster Beds and Reef
HCA elements in or near assessment unit:
Critical Infrastructure (Savannah Hwy, St Andrews Blvd, AsieyN&morial Bridge)
I NAGAOIE ClILOAfAGASAE o6.fSaaSR { I ONIXYSyld {OK2z2f
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Environmental Justice Area
Pop Dens Ranks 2, 3,4, 5
Tableb5. Attributes used to calculate the final score for ti@&rab Traps to Oyster Red®esiliencaHubassessment

unit example. The aluesfor each scoring attribute and the final score correspond to the dadessment unit
outlined in pink irfFigure19. See the Methods section for additional details on each scoring attribute.

Description ofScoring Attributes Score

Fish and wildlife richness (# of fish/wildlife elements out of 16 9

possible)

Presence of modeled marsh migration 1 (yes)

Weighted Human asset vulnerability (hormalized tt @ith 1

meaning high vulnerabilitysD 0.09, Mean 0.04) 0.55 (moderate)

Restorability Index 1 (highly restorable)

Average Condition (1= current very high condition) 0.50 (moderate)

Final score 3.96 (moderately high, Rank # 17 out of
10,567 units)

Fish and Wildlife Elements

The final list of elementsxplicitlyrepresented in theCharleston Harbor Yatershedanalysis is shown
inTable6,6 AGK I ONARSFT RSAONRLIIAZ2Y 27F ,ifforraakon Sbbbdaday G Qa
sources used to represent their distributions, and data sources used\@mEmndixs for amore

detailed description of data socesthat were and were notised in this assessment

Table6. Final list of elements used in the Charleston Harbor Watershed assessment.

Fish/Wildlife Element |Description/Significance
NOAA Trust Resources

Includes shortnose and Atlantic sturgeon migration, foraging, rear
and spawning grounds/hotspots as well as other diadromous fish.

Includes key habitat for red drum, some coastal shark species, an
other important fish species that utilize lower parts of river system

Important shark habitat wSTt SOGa G4KS {1S& NetS 27F . df ¢

Extremely important nursery areas for many fish species (includin
NOAA trust resources).

An iconic and commercially important habitat that also harbors ha
for numerous key species.

Snapper/grouper essential fish habitai Thesefish represent key game/commercial fish in coastal waters.

Shrimp are important economically and as part of coastal benthic
communities.

Diadromous fish habitat

Important riverine systems

Marshes and tidal creeks

Oysters beds/reefs

Shrimp essential fish habitat
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Fish/Wildlife Element

Description/Significance

At-Risk Species and Multipecies Aggregations

Federally listed Threatened or
Endangered Terrestrial Species

This is an aggregate layer composed of element occurréndes
federally listed species. Specifically, it includes occurrence inform
for: American alligator, Bachman's warbler, black rail, flatwoods
salamander (Frosted), gopher tortoise, piping plover, red knot; red
cockaded woodpecker, and wood stork. Detdiinformation includin
level of endangerment are provided Appendix5.

Terrestrial Species listed by NatureSq
and the South Carolina Natural Herital
Program as imperiled, rare, uncommo
or endangered at the global state
level

This is an aggregate layer composed of element occurrences of th
following species: Southern hognose snake, Southeastermbaitis),
island glass lizard, gopher frog, Bachman's sparrow, mimic glass
eastern tiger salamander, Wilsorpgfover, starnosed molegastern
diamondback rattlesnake, American swalltailed kite, bald eagle,
loggerhead shrikegastern coral snakegastern woodrat, Florida gree|
water snake brown pelican, pine snake (gopher snake), Florida pir
snake, dwarf sine, black skimmer, yellowhroated warbler, least tern
common tern, black bear, yellothroated vireo, wood thrush, and
prothonotary warbler. Detailed information including specific ranks
are provided inPAppendix.

Distinctive Ecological Systems and Species Congregation Areas Supporting One or More Species

Forested Wetlands (netidal) and Norn
tidal Creek stretches

These areas provide important breeding habitat for a large numbe
high priority migratory andesident bird species.

Tidal hardwood swamp forest (with an
without cypress)

This is a key habitat type with high biodiversity and provides key
ecosystem services related to water quality and buffering betweer
important aquatic fish/wildlife and adjacent upland land uses that
might detrimentally affect water quality (like row cr@griculture or
housing).

Freshwater emergent wetlands

In addition to their own ecological uniqueness, these areas provid
habitat for a different suite of bird, reptile, and amphibian species
forested wetlands.

Cypress swamps and domgsotential
habitat

These areas are dfighvalue to key neotropical migrants and other
bird species.

Beach and dune habitat

These areas include open sandy coastal expanses that provide ha
for a large set of high priority wildlife species.

Barrier island live@ak hammock forest
and scrub

These iconic and ecologically important communities in the Charle
area barrier islands buffer communities from winds and storm surg
and provide habitat for a variety of species. This target includes n¢
scrub habitat analder, fully developed maritime live oak forest (A
globally very imperiled (G2) community

Interior live oak maritime forest

These forests provide habitat ftine iconic live oak tree as well as
wildlife species that are dependent upon live oak maritime forest
(neotropical migrantseastern diamondback rattlesnakes

’ An Element Occurrence (EO) is an area of land and/orwater in which a species or ecological community is, or
was, present. Species EOs referenced here represent the full occupied habitat (or previously occupied habitat) that
contributes, or potentially contributes, to the persistence of the species at that location.
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Fish/Wildlife Element Description/Significance
Distinctive Ecological Systems and Species Congregation Areas Supporting One or More Species

This system includes areas predominantly dominated by longleaf
and/or slash pine and maintained by fire or other disturbances tha
Open pine habitat mimic fire. This habitat is unique to the coastal plain and adjacent
ecoregions in the Southeast aadntains many endemic or near
endemic wildlife species.

These focused congregation areas are vulnerable to subtle chang
Wading bird and ally colonies that could impact annual colonies, forcing them into substandard
areas.

These areas represent nesting concentrations of seabirds and
shorebirds. A separate SCDNR publication highlights Castle Pinck
and Crab Bank, both included in this target, as particularly importg
nesting areas at the state level.

Sea turtle nesting hotpots in the Charleston area are of global
importance for sea turtle species, especially for loggerheads.

Shorebird nesting hotspots

Sea turtle nestindpotspots

Crosscutting Elements

Continental and Global Important Bird
Areas

Areas of key importance for bird species.

Resilience Projects Portfolio

A portfolio of resilience projectsvithin the CharlestoiHarbor Watershedwas compiled from plans
and other project documentsubmittedby stakeholdergTable 7. A total of30 projects were
submittedfor this watershedBeyord a review of project documents, projects were furtlesaluated
usingseveral data layers created in tdS assessments.

Through the process of reviewing resilience projects, visiting sites, and meeting with key stakeholders
in the region about resiliemcproject ideas, several themes emerged.

1. Agency, NGO, and extension staff in this region have a great deal of capacity to implement
coastal resilience projects where funding is available.

2. Project leaders recognize the need to engage neighbors and comnstaltyholders upfront
in planning and decisiemaking for projects that directly affect their areas of interest to
ensure there is initial and ongoing support for letegm projects.

3. Citizens in the region are particularly aware of both stierin and longterm threats due to
the history of high impact hurricanes (Hugo, Joaquin, Matthew, Irma, etc.) and king tide
effects, so there is substantial evidence of political will to support projects that can minimize
impacts to human communities while providing ledits to the fish and wildlife resources that
define the Lowcountry of South Carolina.
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Table7. Summary of resilienceelated projects identified for the Charleston Harb@vatershedstudy area.
Tableshows theimplementation stag®f each projecat the time of compilation.

Project Phase

e Conceptual| Coriviee | compiete | implement | T
Beach or dune restoration 1 1 2
Community resilience planning 1 1 1 3
Conservation BMPs 4 4
Marine debris removal 1 1
Flooding mitigation 1 1
Living shoreline 10 1 11
Oyster reefs 3 1 1 5
Riparian and floodplain restoration 1 1
Wetlands restored/enhanced 2 2

Totals| 22 2 1 5 30

As can be seen Figure20, the submitted resilience projects are primarily clustered along the
immediate coastal section of the study area and around the city of Charld3tmjects were

submitted by a wideange of stakeholdersfrom emergency management personnel to local NGO
staff to state and federal agency representatives. LodadlyedNGOs and local municipalities

submitted seven pra@jct ideas, demonstrating that the stakeholder engagement process was effective
in attracting project ideas from local stakeholdeffiere werel6 submissions from federal agencies
and fvenfrom state agenciesProject sizes ranged from small living shoreline installations of less
than one acre up tapproximately 700 acres for the restoration project at Long Branch Creek.

Sixteensubmitted projects are focused on installation of living shorelines or oyster reef
restoration/creation, with the dual goals of improving fish/wildlife habitat while reducing future
shoreline erosion. Other submitted projects ranged from creation of$icede vulnerability
assessments to wetland restoration, best management practices development, beach/dune
restoration, and marine debris removal projectsfiull list of these submitted projects and summary
information about each is iAppendix6.
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20 Kilometers

Project Number and Name

i 18: Cape Marsh Management Area Living
2: Dewees Island erosion control and road BMPs Shoreline

3: Long Branch Creek project B 19: Drayton Hall Living Shoreline

20: Folly Beach Renourishment
21: Folly River Back River Living Shoreline and
Navigation Channel
i 22: Morris Island Lighthouse Living Shoreline
B 23: Murphy Island Living Shoreline

4: Abbapoola Creek Oyster Reef Restoration

5: Cape Romain NWR Oyster Reef Restoration
I 6: Captain Sam’s Inlet Oyster Reef Restoration
9: Barrier Island Nourishment for Sea Turtle and

Bird Nesting > ; 0 ;

10: Plum Island Oyster Reef and Surge Protection %g Egm%%r;kngllaLrl]\gng'\jgg rl?iltlgs Goat Island

12: The Hatchery at Lake Moultrie mm 26: Cusabo Island maritime hammock BMPs
=1 13: Sea Island Wetland Restoration I 27: Long Island Maritime Hammock BMP

14: Beneficial Dredge Reuse on Bird Nesting Islands m 28: City of Charleston (approximate)
m 15: Crab Bank Living Shoreline == 29: City of North Charleston (approximate)
B 16: Battery Pringle Living Shoreline 30: Turkey Creek flood abatement

17: Bird Key Nesting Area Living Shoreline Project Boundary

Figure20. Map showing the boundaries of resilience projects compiledtfa@ Charleston Harbor \Atershed.
Projects#3 and #13Jor which detailed case studies were developeslindicated with a blueircle around the
project numberAthird case study was alsteveloped for project #8 but because of its distributed spatial nature,
it is not indicated on this maprojects#l, #7, and#11 are also not pictured due to their large s@ee Appendix

6, Table A61 for a full list of projects.
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Suggested Uses

The resilience projects databaé&ppendix 6providesthe namesproject boundariesand summary
information about projects thatvere identified by stakeholders as those tlzauld potentially

increase human community resilience and/or enhance fish atdlifgi habitat. These projects could
potentiallybe implemented rapidly to recover from a flooding event, a high intensity tropical storm, or
proactively improve resilience before the next major event.

Case Studies

The three case studies that follallustrate how proposed resilience projects may benefit fish and
wildlife habitat and human communities faced with coastal resilience challengdsas storm surge
during extreme weather event§ he case studietescribed for the Charleston Harbor Wateesh
share some interesting traits with one another:

All projects will have high visibility during and after implementation due to their proximity to
neighborhoods and/or areas used frequently by fisherraad/or boaters.

Each of the projects has the potéaitto reduce flooding and/or storm surge effects to
adjacent human assets such as homes, schools, hospitals, and places of business.

Each project has an outreach component to involve interested individuals in the community in
planning and/or implementatio of the project, potentially leading to greatlmgterm
success through ongoing community support and excitement about the projects.

All projects have potential benefits for fish nursery areas for key species that support
recreational and commercial epdvors in the region.

The three case studies are good examples otypesof projectsproposedin the watershed that
could potentially benefit both human assets and fish and wildlife populations facing increasing coastal
threats.
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Case Study 1: LongaBch Creek: Restoring Ecosystem Services to Improve Flood Resilience

Figure CSAL. View of part of the marsh that would benefit from restoration of fish and
wildlife habitat on Long Branch Creek.

Project Overview

Location WestAshley/Charleston, SC

Date Visited Nov. 20, 2017

Contact Dr. Susan Lovelace, SC Sea Grant Consortium

Long Branch Creek is a large, tidaifyjuenced creek in the West Ashley area of Charleston, South

Carolina Figure CS1 shows image of marsh arkigue CS12 shows map overview). The creek and

tidal basin contain numerous historic rice dikes/berms that bisect the wetlands with undersized

culverts and tide gates that restrict water flow resulting in poor hydraulic function and frequent

flooding on locafoads and in neighborhoods and commercial areas. This proposed project includes
engineering, construction, education, and planning efforts to address flooding issues in the community

while also improving fish and wildlife habitat and was idesdifin NOA® & | 6 AGF @ . f dzSLINRA Y
priority for habitat restoration. Project leaders plan to improve hydraulic function of the system by

removing tide gates, improving culverts, restoring salt marsh and oyster bed habitat, and involving
stakeholders in community sdience planning.

More specifically, the project will:

Positively impaciore than700 acres of marshabitatand adjacent developed areashich
exist in lowlying areas surrounding the marsh.
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Document/determine tidal hydrology throughout the systeéaimprove flow without
exacerbating flooding.

Create and begin implementation of a plan to improve hydraulic function and remove physical
alterations such as culverts and tide gates to improve flow in the system.

Engage residents and creek users, throagh NS S ¢ /YT Qadzi NB I OK LINR INJ Y
stakeholders to learn about the creek, its hydrology, sea levelaiskother flooding threats

Engage residents and creek users to take part in community oyster reef construction and salt
marshplanting and support of the Seeds to Shorelines program in which schoolchildren grow
smooth cordgrassJpartina alterniflorj from seed in their classrooms with the help and
engagement of project partners.

0 0325065 13

Figure CS2. Approximate project area (Mw boundary). The
north and south sections of the araeae bisected by a road that is
not considered part of the project area. Adjacent areas of human
development are evident in the imageAysubset of these locations
isappropriate for crab trap reef installation.

Estimated Cost of the Project

Total project costs are estimated to be over $821,88the first phase. For more detailed numbers,
please contact the project sponsor, Dr. Susan Lovelattee&@C Sea Grant @sortium.
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Stressors and Threats

This site has a high concentration of existing stressors and flooding threassitéish and wildlife

and human community assets (HCAB&]Jthin the project area, xsting stressors includgevelopment

such agoadsthat bisect important habitatmedium to high density housingnd intense agriculture

and silviculture Table CSA contains a list of stressors and flooding threats). Fish and wildlife and

HCAs are also vulnerable to future threats including sed tesg storm surge, highly erodible soils,

high potential for subsidence, and more frequent flooding. In particular, thelyowg populated areas
adjacent to Long Branch Creek are likely to see more flooding in the future as sea level rise progresses.

Table CS4lL. Stressors and flooding threats identified in and near the project site.

Existing Stressors

Local Neighborhood and Connecting Roads
Secondary Roads

Dirt/Private Road/Culverts

Railroads, Bridges/Culverts

Low Density Housing (Rural)
High/Medium Density Housing
Developed Open Spaces

Intense Agriculture

Silviculture- Intensive

Ruderal (maintained pasture, old field)
Flooding Threats

100 Year Floodplain

1 Foot- Sea Level Rise

Storm Surge (Categoriesb)

Flat & Poorly or Very Poorly Drained
Flat & Somewhat Poorly Drained
Frequent Flooded Spaces

High Erodibility

High Subsidence

Human Community Assets

This site and the surrounding area contain a high concentration of important HCAs including areas of
high population density, critical infrastructurkegy roadsthe majorBon Secours St. Francis Hospital

and associated clinicand severaschools Table CSB). Figure CSB shows areas where there are

high concentrations dflCAghat are vulnerable tolte threats listed abovadithin this area, flooding

risk is highest foamongverydensely populated lovying areasith key roads that bisect the marsh.
Therefore, hese assetare expected tdenefit from a resilience project that reduces flooding risk.
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Figure CSB. Human Community Asset (HCA) elements vulnerable to
flooding threats. Map of areas where there are vulnerable HCAs
(darker pink/red signifies concentrations of vulnerable lé@fment3
within and around the Long Branch Creek proj&en color indicates
areas with HCAsthat are not categorized asvulnerable for the
purposes of this assessment

Table CS2. Human Community Asses identified within the project boundary.

Categories of Human Assets Identified within ProjecoBndary

Densely populated areas

Critical infrastructure

Evacuation Route/Highways
Railroad (hazardous transport route)
Highways

Mapped Community/ Human Assets within Projectd@indary

Critical facilities

Springfield Ementary School

Charleston Christian School

Saint Andrews Fire Department Station 3

Saint Andrews Fire Department Station 2

West Ashley HigBchool

C.E. Williams Middle Creativet®\Elementary School
Charleston SDA School

Physicians Eysurgery Center
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Fish and Wildlife

This site contains current and/or potential habitat for priority fish and wildlife species, including many
species highly valued bggionalstakeholdersTable CSB). In addition, restoratioractivitieson site

have the potential to positively impact species beyond the project boundary simaey restoration
benefits may be realized downstream and upstream of the project, such as speseghat only

spenda portionof their lifecyclewithin the site boundarye.g., shimp and snapper/grouper species).

Table CSB. Fish and wildlife habitats and example species for each habitat that potentially occur in the project
area. *

Fish/Wildlife Habitat * Species of Interest to Stakeholders that may be Represen

by theseHabitat Types **
Shrimp Essential Fish Habitat Penaeid shrimp, summer flounder, blue crab
Diadromous Fish Habitat Atlantic sturgeon, blueback herring, American shad
Important Riverine Systems Red drum
Open Pine Easterndiamondback rattlesnake, gopher frog
Interior Live Oak Maritime Forest Prothonotary warbler
Freshwater Emergent Wetlands Black rail

Marsh and Tidal Creek (including open water)Black rail, sea sparrow, oystercatcher

Forested Wetlands (netidal) WoodRdzO1 = {46l Ayaz2yQa ¢l NbfS
Cypress Swamp Soils American alligator

Tidal Swamp Wood stork, black rail, American bittern

Snapper Grouper Essential Habitat Shapper, grouper, shark nursery habitat

Oyster Beds/Reefs Eastern oyster, blue crab

Wading Bird and\lly Colonies Great blue heron, snowy egret,owd stork

G1-G3/S1S3 Pine snake, least tern

*Based m modeled datagome of these habitats may not actually exist in the project boundary area or may be pdtehtiat
if the habitat were improvedr historic occurrences)

** Not meant to be an exhaustive list of all species that benefit from this habitat, but instead contains some exampse
that are likely represented by this layer of informatand identified by stakeholders as priority sj@s in the watershed.
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Figure CS4. Density of fish and wildlife elements in project arelslap
of all fish and wildlife elementichnesqdarker green signifies higher
number of elements eoccurring in the same place). Red outlis¢he

project boundary.

Expected Project Impact

If implemented, his projectwould establish important oyster reef structure amtrease community

buy-in for the implementation of additionalesilience projed, paving the way téurther improve
oysterreef structureand tidal markes while helping to reduce vulnerability loodingof nearby

homes during extreme storm events.

Oyster reef restoration would increase habitat for oysters and the species that benefit from the

structure that reefgrovide. Marsh restoration would increase tidal marsh area and potentially
improve water quality, erosion control, and blue crab and shrimp nursery habitat. Marsh restoration

would also increase opportunities for residents to enjoy crabbing and fishithgngeroved habitat for
commercially important species (especially oysters) both on and off site.

Public engagement through preroject meetings would provide important community binyand

ownership so that therojectgoals could be met as part of a cbimative approach. In addition, the
LINE LI2ZASR SRdzOF GA2Y I f &/ NBS|
environmental conditionand local hydrologic relationships among the public and provide public
participation in the developmerif scenarios to be tested for hydrological improvemeisaddition,

the Seeds to Shorelines program would help students learn about science, stewardship, and habitat

restoration.
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Case Study 2: Crab Traps to Oyster Reefs

Project Overview
Location Region wide
Date Visited Nov. 20, 2017

Contact Dr. Peter Kingslegmith, SC Departmenf
Natural Resources

-— -

TheQab Traps toOyster Reefs program uses
abandoned crab traps to create new and thriving : , .
oyster reef habitatfigure CS2). Program staff cadct - : - —
old traps from the public, commercial fishermen, and A
those found in the marshrheyclose their openings so
that turtles and other large organisms do not become;
trappedinside andcoat the traps in concrete to .
stimulate oyster spat recruitment. The large surface ==
area and structure of the traps allows them to be
placed in softer sediments where demd®gs of shell
may sink.

Potential locations for this project are scattered
throughout the study aredFigure CS2). This project ~ oy :
achieves multiple goals: removing maritebris, e . —
keeping waste out afindfill, and creating oyster reefs Figure CS4. Crab Traps to Oyster Ree
all while potentially preventing erosion in adjacent ~ Project. Shelfish Research Section of So
h h ttenuation. In turn. ovsters Carolina Department of Natural Resour
areast.roug wave attenuation. In turn, oy building a crab trap reef with the help
populating the artificial reefs filter feedhus Clemson University student volunteers (site |

improving surrounding water quality South Fenwick Island, SC).
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Figure CS2. Aerial view of project areshowingpotential crab trap-basedoyster
bedrestoration sites

Estimated Cost of the Project

Costs range from rough$§2,0003,000 per installation, where a typical installation ranges frong 15
45 linear meters (5Q 150 feet) of oyster reef. This cost does not include faststruction
monitoring, which varies considerably among sites based on the specific project keedsore
detailed numbers, please contact Peter Kingsbayith at Suth CarolinaDepartment ofNatural
Resource (SCDNR)
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Stressors andihreats

The potential project sites contain a high concentration of existing and future threats to human
communities ad fish and wildlife habitat condition. Existing threats to fish and wildlife habitats in the
tidal areas include lonoderate water quality, dredgenaterial placement areagnd roadsbridges
andculvertsthat bisect important habitat. There are alseveralthreats on adjacent uplandreas

that could affect the project sites, including developed areas such as high/medium density housing,
intensive silviculture and agriculture, et@.ableCS21 liststhreatsin and near the siteand Figure CS2

3 depictsareas that are vulnerable to these threats). In addition, fish and wildlife habitat are
vulnerable to future threats including sea level rise, high levels of subsidemston, storm surge,

and more frequent flooding.

Table CSA. Stressors and floodinthreats identified in and near the project site.

Existing Stressors

Local Neighborhood and Connecting Roads

Secondary Roads

Railroads, Bridges/Culverts

Low Density Housing (Rural)

High/Medium Density Housing

Developed Open Spaces

IntenseAgriculture

Silviculture- Intensive

Ruderal (maintained pasture, old field)

Water Quality- Low/Moderate
Dredged Soil Sites

Flooding Threats

100 Year Floodplain

1 Foot- Sea Level Rise

Storm Surge (categoriess)

Frequent Flooded Spaces

Occasional Flooded Soils

Flat & Poorly or Very Poorly Drained

Flat & Somewhat Poorly Drained
Very High Erodibility

High Erodibility

Very High Subsidence

High Subsidence
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HumanCommunity Assets

New oyster reef sitesould prevent erosion and thus increase the resilience of sekeyahssetsThe
site visitedto inform this case studig particularly vulnerable to erosion caused by wakes from boats
andby storm events. Other sites throughout the project area haveilainprofiles Figure CS3 shows
vulnerable HCAs in relation to potential future project sites).

|
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# HCA Elements
Vulnerable to Flooding
Threats

I -

e

1
Areas with HCAs not
vulnerable to flooding threats

Crab trap deployment
locations

0 5 10 Miles

Figure CS3. Human Community Asset (HCA) elements vulnerable to flooding thrédtgp of areas where
there are vulnerable HCAs (darker pink/red signifiescentrations of vulnerable HG#3emens). Dots
represent areas identified as potential locationsdmab trapbasedartificial oyster reefsThe popout map
zooms into the City of Charleston, where there is a high ctratiem of HCAs and Fish and Wifiel Elements.
Tan color indicates areas witHCAsthat are not categorized asvulnerablefor the purposes of this
assessment

Table CS2. HCAs identified within the project boundary.

Categories of Human Assets |dentified within Project Boundary

Denselypopulated areas
Critical infrastructure (Evacuation Route/Highways and Railroad, hazardous transport route)

Critical facilities
Mapped Community/Human Assets within Project Boundary

Since the potential project sites are numerous and scattered acrosetfien, the mapped assets are too
numerous to list here.
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Fish and Wildlife

The potentialrab Traps toOyster Reef project sites are positioned in locations that harbor both
current and potential future habitat for priority fish and wildlife species such as shrimp, summer
flounder,blue crabblack rail, sea sparrow, and oystercatckitable CS:3).

Table CS3. Fsh and wildlife habitats and example species for each habitat that potentially occur in the
projectarea. *

Fetwidie it et o e s T
Shrimp Essential Fish Habitat Penaeid shrimp, summer flounder, blue crab
Important Riverine Systems Red drum

Open Pine Easterndiamondback rattlesnake, gopher frog
Interior Live oak Maritime Forest Prothonotary warbler

Marsh and Tidal Creek (including open water) Black rail, seaparrow, oystercatcher

Forested Wetlands (netidal) W22R Rdz01Z {4l AyazyQa o
Cypress Swamp Soils American alligator

Tidal Swamp Wood stork, black rail, American bittern

Snapper Grouper Essential Habitat Shapper, grouper, shark nursery habitat

*Based on modeled data (some of these habitats may not actually exist in the project boundary area or may be poten
or historic occurrences).

** Not meant to be an exhaustive list of all species that benefit from this habitat, but instead costaime example spec
that are likely represented by this layer of information and identified by stakeholders as priority species in the waters
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Figure CS2. Density of fish and wildlife elements in project arellap of fih and wildlife elementichness
(darker green signifies more elementshe popout map zooms into the City of Charleston, where there is a
high concentration of HCAs and Fish and Wildlife Elements.

Expected Project Impact

This project is particularly important becsaiit not only builds resilience along shorelifiast also
involves community members in the projedthisallows community memberso better understand
the challenges and risks posed by climate threats vdiiedemonstrating actions communities can
take to build resilience ahead of time in response to modeled threats.

Thekey benefitf this project include:

Creating oyster reefsvhich provide habitat for oysters, a very important speciebtal
stakeholders, as well as the many species that benefit from oyster reefs as nursery habitat.

Preventing erosion from storms or boat wakes by creating a barrier to wave attenuation.
LYLINRB@GAY3I gFGSN)ljdzr f AGe O6RdzS (2 (GKS 22aidSNRa
Removing marine debris and recycling it-eite to become a useful wildlife habitat and

buffering feature.

Keeping waste out of landfills by recycling the old traps.
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Figure CS®. Gary Sundinof South Carolina
Department of Natural Resourcesoating a crab
trap with cement
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Case Study 3: Sea Island Wetland Restoration

Project Overview
Location James Island, SC
Date Visited Nov. 20, 2017

Contact Jessica Hardesty Norris, Charlestc
Audubon

This project ised by Charleston Audubon
but is reallya collaboration among multiple
community organizations. The project will
restore a stom water drainage ditclf4-7

feet deep)to a more natural stream channe
before it empties into a tidal slough
downstream Figure CS3l shows some
sections of the study area arigure CS2
shows the project footprint). As part of the
project, proponentgplan to change the
current channel ditch to increase the flow
capacity through ad l-acrerecreational
park that empties out into an area including
12 acres of salt marsfThe project will also
work to eradicate invasive specigdant

native species, imawe recreational trails, —— h167 i “

remove litter, and hoscommunity

stewardship events. Figure CS4. Aerial view ofthe project site and adjacent
) neighborhoods.Yellow line indicates the approximate

Collaborators see the project as boundary of the project site

celebration ofthe unique cultural heritage

of this historic sea island, which is part of the Gullah Geechee Heritage Cofhédgproject ha the
potential to not onlyimprove downstreamoyster habitat but may also improvéish nursery habitat
provided by the marsh.

More specifically, the project will:

Facilitate the restoration of marshes, aquatic connectivity, natural stream channel, riparian
vegetation, and the floodplain.

Implement green infrastructure and improve the design and function of wetland drainage in
the wetland.

Improve resilience to dloding by widening and moderating the slopes on each side of the
ditch, thus enlarging the capacity of the receiving ditch and outfall.

Restore a portion of the marsh at the outfall that has suffered severe accretion due to
sedimentation andlecades opoorly regulated construction.
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Estimated Cost of the Project

The cosestimates for this projeatange from $25,000 (stream channel improvementy) up to
$300,000 for stream channel improvement plus additional restoration and site work thootdjine
project footprint.

Stressors and@hreats

This site contains a high concentration of existing stressors and future threats to HCAs and fish and
wildlife habitats. Existing threats to fish and wildlife habitats include roads that bisect important
hahitat and developed areas such as high/medium density hou3ialgl¢ CS3). Developed open

space is also a threat since lawns and recreational fields increase fragmentation of habitat and
contribute nutrient runoff. HCAs and fish and wildlife habitat demaulnerable to future threats
including sea level rise, storm surge, and more frequent floodinigh are exacerbated iareas that

are highly susceptible to erosion and subsidence.

Table CSA. Stressors and threats identified in and nearetiproject site.

Existing Stressors

Local Neighborhood and Connecting Roads
Low Density Housing (Rural)

Ruderal (maintained pasture, old field)
Developed Open Spaces

Silviculture- Intensive

Flooding Threats

100 Year Floodplain

1 Foot- Sea LevdRise

Storm Surge (categoriess)

Flat & Poorly or Very Poorly Drained
Flat & Somewhat Poorly Drained

High Erodibility

High Subsidence

HumanCommunity Assets

This site and surrounding areantaina high concentration of HCAs, including high population density
areas.Figure CS2 shows (in pink) areas where there are high concentrationd@Adhat are also
highly threatened by the threats listed above.

Seacroft Road, directly behind the ditch nimg through the project area, is one of the most

frequently flooded roads on James Island, with frequent road closures and repetitive damage. At the
same time, the current drainage ditch creates a channeling effect that is increasing sedimentation in
the tidal marsh downstream, affecting all the fish and wildlife that rely on that tidal marsh ecosystem.
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For this area, flooding risk is highest for some ofrtiastdensely populated lovlying areasith key
roads that bisect the project areaspecially during high rainfall events. These areas exist in a
historically underserved area of the Charleston region.

Figure CS2. Human Community Asset (HCA) elements vulnerable to
flooding threats. Map of areas where there are vulnerabttuman
Commuiity Assets KICA} (darker pink/red signifies concentrations of
vulnerable HCAs)lan color indicates areas witHCAsthat are not
categorized asulnerablefor the purposes of this assessment

Table CS2. HCAs within the project boundary.

Categories oHuman Assets Identified within Project Boundary

Densely populated areas

Mapped Community/Human Assets within Project Boundary

Nothing specific within project boundary, but a community center/recreational area is adjacent to the pro
area.

Fish andVildlife

This site contains important current and/or potential habitat for priority fish and wildlife species,
including many species highly valuedrbgionalstakeholders. The identified habitats may support a
wide variety of fish and wildlife speciesinding nursery habitat for shrimp, summer flounder, and
blue crabs, species dependent on maritime/live oak, cypress swamp, and wetland forests, etc. In
addition, restoratioractivitieson sitehavethe potential to positively impact species beyond the
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