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Executive Summary

TheNational Park ServicllP$,A Yy LI NI YSNEKA L) 6AGK 2SAGSNY /I NRfAY!l
the Study of Develope8haelines(PSDShasdeveloped aCoastal Hazards anBealevel Risé\sset

Vulnerability AssessmertProtocol Thisprotocolis meant to assess the vulnerabilityinfrastructureto

multiple coastal hazards and climate change factors (i.e., erosion, flgadorgn surge, sekevel rise,

and historical floodinglpver a 35year planning horizo(2050) Unlike natural resource vulnerability,

which combines three metrics (exposure, sensitivatyd adaptive capacity), the newly developed

method for assessingfirastructureincludes only exposure and sensitividycoastal hazards and climate

change factorén the vulnerability scorgadaptationstrategies arénsteadexaminedin the context of

the vulnerabilityresults. The overall goal is to standardize the Inoefblogies and data used, allowing

managers to compare the vulnerability of coastal assets acrossfegainal, and national levels.

A total of 152 structures (buildings and shelters) and 70 transportation assets (roads, road segments,
parking lots, boedwalks, waterfront systems/waterways/marinas, fuel systems, and primary trails) are
included in the vulnerability assessment of Cape Lookout National Seashore (T @jtable result

of the exposureanalysis at CALO is that 94% of all assets (bothtates and transportation) have

either high exposure (49%) or moderate exposure (45%) tstabhazards and sdavel rise The

results also show that the majority of assets have moderate or $egisitivity.

Over twaothirds (67%) of all assets analyzadCAL(have highvulnerability to coastal hazards arska
level rise, and another quarter (26%) have moderate vulneraditityeneral, digher percentage of
transportation assets are highly vulnerable when compared to structures.

The high vulnerabty assets aCALChave a combinedurrent replacementvalue (ithin the NP&sset

management databageof approximately 2.5million, which is roughl$5% of the totalvalueof all

assets analyzedithin the park The ten most valuable transportaticassetsall have high vulnerability

including the marinas/waterways at Harkers Island, South Core Banks/Coast Guard area, and the Cape
Lookout Historic DistricSix of the ten most valuable structures have high vulnerability (including the

Cape LookauLight Station Keegr@ Quarters and the Portsmouth LiBaving Station), and two have

moderate vulnerability, inclugia G KS LJ NJ Q& { ¢ 2he GapaildokadtiLighizbusgadd | & & S
Harkerslsland Administration Buildingfsitor Center.

One stricture has both high vulnerability and high priority to the paassétpriority index within the

NPS database 70):4 KS / | LIS [ 221 2dzi [A3IKG {dlFGA2y YSSLISNDRa v
Lookout Lighthouse and Harkers Island Adstiation BuildingVisitor Center have moderate

vulnerabilityand high priority to the parkAll of the high priority transportation assets have high

vulnerability, includingnost segments of the sand roads at North Core Banks, Cape Lookout Historic
District,and $uth Core Bnks.
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Vulnerability Asessment Products & Deliverables

1.

Excel datasheets All resultsjncludingassetspecific scoring, are provided in tabular form. The
exposure, sensitivity, and vulnerability scores are reported alongsidesitikties Managerant
Software Systems (FMS#ta for each asset, as well as the scores for each step of the analysis.

Geographic Information Systems (Q¥&)ps and Layers All GIS data, including the exposure
layers, exposure results, and final vulnerability resultslvei sent to the park as a separate file.
The GIS data will alde available to view online at the NPS ArcGIS Ownletssite. Digital data
sources can be found in the next section of this document. Contact WCU or NPS for further
information.

Park Spedit Vulnerability Results Summary Documeitthis summary (herein) explains the
deliverables, results, and methodolodibriefly summarizethe vulnerability assessment
results in the aforementioned datasheets and maps, as well as the methodology, velsich h
been vetted and approved by NPS. This document does not fully deatinibsults from the
analysis; see provided datasheets ftailedresults.

Digital Data Sources

1.

FEMA Flood ZonesEMA'dNational Flood Hazard Layer (Offica) ArcGIS.conhll areas of

the park are covered by the offéd National Flood Hazard Layer, although some errors exist (see
the Unique Factors & Considdians section for more informationYwo primary FEMA flood

zones are utilized: the VE and AE zones. According to FEMA, the VE zones are areas subject to
inundation by the ipercentannualchance flood event, with additional hazards due to storm
induced vdocity wave action, and the AE zones are areas subject to inundation by the 1
percentannualchance flood event (determined by detailed methods).

Sea Level RigeClimate Change Response Program (CORRa provided by NPS CCRP; full
publication relatedo product in press (not accessible yet); metadata is available. Provided to
WCU as geodatabase by CCRP. Utilize®th&K slr_85_2050 layer, which represents the 2050
sealevel rise inundation model (high scenarid)l areas of the park are covered byslsea

level rise layeralthough some errors existseethe Unique Factors & Considerations section for
more information).

Surge (SLOSHIlimate Change Response Program (CEORRa provided by NPS CCRP; full
publication related to product in presadt accessible yet); metadata is available. Provided to
WCU as geodatabase by CCRP. Utilized the C3M_km3, which represents the category 3 mean
tide surge model. Was further edited by WCU to show just area of inundation. All areas of the
park are covered bthe SLOSH model.

Erosion/Coastal ProximityErosion ratedata were acquired fromh 2 NI K/ | NP f Ay | Q&
Coastal ManagemenWhere available, rates were utilized to make buffenes for a 3year

time frame (2050). Rates were binned into the following categories before buffdnntyear,
2m/year, 4m/year, 6m/year, 8m/year, etc. (increments of 2 metefFsy. shorelines without

erosion rate data (ocean or estuarine) a simpbagal proximity bufferwas applied. The erosion

rate buffers and the proximity buffers combined comprise this exposure indicator zone for
CALODigitized shoreline using ESRI streaming layer at scale of 1:2500.
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https://hazards-fema.maps.arcgis.com/apps/webappviewer/index.html?id=8b0adb51996444d4879338b5529aa9cd
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Introduction & Project Description

TheNational Park ServictNP$,A Yy LI NOIYSNEKA LI 6AGK 2SAGSNY /I NRfAY!l
the Study of Develope8horelinefPSDShasdeveloped aCoastal Hazards anBealevel Risé\sset

Vulnerability AssessmeriProtocol Thisprotocolestablishes atandard methodology and set of best

practices for conducting vulnerability assessmeénthe built environment.

Standardizing the methodologies and data utilized in these assessments allows managers to compare
the vulnerability of coastal park assetg@&s local, regional, and national levélkis includes the
standardization of data inputs (i.e. widely available, established data) that will allow the application of a
consstent methodology among unité&nother goaisto create a more complete and efftive set of
indicators for assessing the sensitivity of assets to coastal hazards. The focusgattuslis on

structures and transportation assetsthe NPS asset database (Facilities Management Software System;
FMSS)but it could be adapted tother resources.

A proposed standardized approach to assessing climate change vulnerability was described in a multiple
F3Sy0e obh! !z bt{X !'{D{X 5h53 b2CX YR !{C{0 R2Odz
A Guide to Climate Change Vulnerabilithi 8 S&daYSy G oDt A01 S | f dX HaAMMO ®E
vulnerability of natural resources to climate change as: the extent to which a species, habitat, or

ecosystem is susceptible to harm from climate change imp#ciserability under this approadh

comprised of three equally weighted metrics or components: exposure, sensitivity, and adaptive

capacity:

Vulnerability = Exposuret Sensitivity+ Adaptive Capacity
V Exposureefers to whethera resource osystem is located in an area experiencing direc
impacts of climate change, such as temperatanel precipitation changes, or indirect impacts,
such as sedevelrise.
V Sensitivityrefers to how a resourcer system fares when exposed to an impact.
V Adaptive Capacityeferstol  NB & 2 #&NJA § @ dityStoradjéstof cope with existing
climate variability or future climate impacts.

While thismethodologyhas been successfully applied to natural systems, some aspects are less
appropriate for application in the built environment (i.e., buildings,dseetc.). For example,
structurescannot inherently adapto climate change or other hazards, while natural resources often
can(asalt marsh can adapt to changes in sea level by migrating upland, whereas a building.cannot
Therefore NPS an®VCU have mdified the methodology and formula for conducting vulnerability
assessments onfrastructurewithin national parksThe new modified formula for the vulnerability of
the built environment (buildings, transportaticassets etc.)is as follows:

Vulneraklity = Exposuret Sensitivity

For this methodologyadaptive capacity of an asset is evaluated separately and is not included in the
vulnerability score. This does not mean that understanding the adaptive capacity of an asset is not
important. Identifyingthe range of effective adaptations for key vulnerable assets is the final and most
important step in the overall analysis. Effective adaptations will reduce exposure and/or sensitivity,
which is the key to reducing vulnerability.
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General Protocol Metbdology

TheCoastal Hazards anflealLevel Ris&/ulnerability Assessment Protoctlas four primary steps: 1)
Exposure Analysis and Mapping, 2) Sensitivity Analysis, 3) VulneK@hitityation and 4) Adaptation
Strategies Analysis. A detailed descdptof the protocol can be found in the final section of this
document:Vulnerability Assessment Methodoladyurther scoring information can also be found in the
Excel results sheets that accompany this report. Below is a general description of thediesstieps of
the protocol.

Exposure Analysis and Mappin§tandard exposure indicators have been established as part of this
protocol (Tablel); these indicators represent the primary factors that should be evaluated to determine
Ly | &asiiQadatzlimatéi dhdngefexpdsiire (to the year 2050). The exposure analysis utilizes
data imported inb aGeographical Information System (GE exposure is directly dependent on

location relative to mapped hazard data. Assets located within an expodilioaiar hazard zone (e.g.,

the storm surge zone) are assigned a higher score than assets located outside the zone. Scores for each
indicator are then summed and binned to get a total exposure sdeiral exposure scores fall into one

of four ranking categries (based on the number of exposure zones): minimal exposure (asset does not

lie within any mapped zone), low exposure (1 zone), moderate expostkedfes), and high exposure

(4-5 zones).

Tablel. CALO specific hazards and data sources for the exp® indicators.

Exposure Indicates CALO Specific Hazards CALO Data Sources

Flooding Potential 1% annual flood + velocity/wave: FEMA Flood Zones (VE or AE)

Extreme Event Flooding Storm surge NPSspecific SLOSH model

Seal evel Risénundation 2050 sedevel rise NPSspecific SLR modeling

Shoreline Change Erosion & coastal proximity NC erosion rate& shorelineproximity buffers
Reported Coastal Hazards | Historical flooding Parkquestionnaire; storm imagery

Sensitivity AnalysisSensitivity is a furtion of the inherent properties or charaatistics of an asset.

Primary indicatorshave also been determined for asset sensitivity: flood damage potential, storm
resistance and condition, historical damage, and protective engineering. The main datafsounceh

of the sensitivity analysis is an assgecificquestionnaire (completed by park staff), which contains
detailed questions related to each of the sensitivity indicators. A higher score is given for an unfavorable
sensitivity indicator result (e.gan asset built at grade will get a high score for flood damage potential).
The sensitivity scores for each indicator are summed to obtain a total raw score, then binned into three
categories: low, moderate, and high sensitivity. Assets with minimalsexpare excluded from the
sensitivity analysis, since an asset must be exposed to a hazard in order to be sensitive to it.

Vulnerability Calculation To calculate a vulnerability score for each asset, the exposure and sensitivity
scores are summed, andah binned into four vulnerability ranking categories. The vulnerability ranking
categories are as follows: minimal (assets with minimal exposure), low, moderate, and high.

Unique FactorsEach park has a unique set of conditions based on the data aeadlatl the geologic
setting. AtCALQthe primay unique factors aré&) poorly mapped-EMA datan certain area®f the
park,2) minor erroisin the sealevel risemodel resultsnear Portsmouth Village, ar) the divisionof
the sand roads into segmenfissted in FMSS amly three roads, split intanultiple segments foeasier
analysi3. A more detailed description of these factors, including how they affected the resul&AoD
are presented later in the report, in the g@m titled: Unique Factor& Considerations
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Results Summary &iscussion

A total of152 structures(buildings and sheltersand 70 transportation assetqroads,road segments

parking lotspridges,boardwalks, waterfront systemsaterways/marinas, fuel system foundationand

primary trail§ wereincluded in thevulnerabilityassessmendf CALOThell SNY Gl aasSidé¢ oAttt o
this document to represent any structure or transportation infrastructure listed in FMSS, regardless of
ownership.Also,the results for this vulnerabill assessment represent a time frarokapproximately

35 yearsto the year2050

Exposure Analysis

Thenotable result of the exposure analysisCA Ois that 94% of athssetgboth structuresand
transportation)have either a high exposurdQ%) or malerate exposure (#%)to coastal hazards and
sealevel rise(Table2). Among structures, 36 have high exposure, whB8% have moderate exposure.
Thehigh exposure structuresre concentrated ifbarrier islanddistricts (Figure B), Portsmouth Village
(Fgure 10, Long Point and Great Islaras well asshacklefordBanks Nearly twathirds (61%) of
transportation assethavehigh exposure, while oveme-third (36%) have moderate exposuréhe
majority of high exposure transportation assets asmnd roadgsee further discussioim Unique Factors
& Considerations section of this documgand bridgeghat serve the variouparkdistricts on North
and South Core Bankas well aglock and marina assets, which are inhereettposed due tgroximity
to the oean.However,a fewkey parking lotat Harkersdland(Msitor Center and Picnic Arealso have
high exposurdFigure 1A)

Very few assets (6%) at CALO have low expdewreastal hazards and séavel rise(Table 2)Most of
the low exposuretsuctures are located at HarksrdslandFigure B; Housing Quarters 101, 105, 106;
Fire Calbe; Radio Shack; RM and Rangarages; Maintenance Building)f all the structures on the
barrier islands, only the Coast Guard Station ésm&ummer Kitchen neaapelookout Village have low
exposure Only two transportation assett CALOhave low exposure, botbf which are locatedn
Harkes Island Figure B; Maintenance Parkingat and the unpaved paion of Cape PoinRoad).

Table2. CALOExposure Results Summargum of percentages may not equal 100 due to rounding.

HGH EXPOSURE
ASSETS

Low ExPOSURE MINIMAL EXPOSURE

TOTALH

# % # %
SIRUCTURES | 65  43% \ 76 50% 11 % 0 0% | 152
TRANSPORTATIOI“ 61% ‘ 25 36% ‘ 2 3% 0 0% ‘ 70
ALLCALQASSES ‘ 108 49% 101 45% ‘ 13 6% 0 0% ‘ 222

The overall high exposure scores for CAt&primarily due to the fact that most of the park assets are
situated on lowlying tarrier islands (Shackleford a@bre Banks), arare often in close proximity to

the ocean.This placesnanyassetswithin the storm surge andFEMA flood zonesind has caused many
assets to have been flooded in the padnly theassets situatedurther inland have moderater low
exposure(Figure 1)
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Structure Exposure
4 high
moderate
low

minimal

Transportation Exp e

Figure 1 Example of gposure esults atCA . O.Red indicates high exposure, orange indicates moderate exposure,
and blue indicates low exposure AjHarkes IslandB)Cape Lookout, and C) Portsmouth Village.
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Sensitivity Analysis

The sensitivity results foCALQassets (struatresandtransportaion combined show the majorityhave
either moderate(53%)or high (45%)sensitivityto coastal hazards and séavel rise(Table 3)When
separated into structures and transportation, the scoaesslightlydifferent. Most structures have
moderate sensivity (70%) while the transportation assetre primarily high sensitivity §3%).0Only 2%
of assets have low sensitivitfo assets hae minimal exposure (all assetse in at leastone exposure
zone; Tables 1 and;2herefore, all assetat CALQvere analyzed for sensitivity.

Table3. CALCBensitivityResultsSummary Sum of percentages may not equal 100 due to rounding.

HIGH $NSITIVITY ‘ LOwW SENSITIVITY TOTALH EXCLUDED
ASSETS E—— == —— —
# % | | # % ANALYZED | (MIN. EXPOSURE
152 0

STRUCTURE 42 28% 106 70% 4 3%
TRANSPORTATION 58 83% 11 16% 1 1% 70 0
ALLCALOASSETS 100 45% \ 117 53% \ 5 2% 222 0

*Assets with minimal exposure (in no hazard zone) were excluded from the sensitivity analysis. Total # analyzed isodiffenesitivity
compared to exposure and vulnerability.

Ofthe 153 structuresanalyzedat CALO, only thEarkers Island Maintenance Building, Cape Lookout
Lighthouse and Oil House, and the Summer Kitchen Cistern at Cape Coast Guard Station were reported
to be storm resisant. Around onequarter of structureswere reported to be in poor conditigmostly

within the PortsmouthVillage andCape LookouYillageareas of the parlkin addition, approximately
one-quarter of structureswere reported to have beehistorically damagd by coastal storms and
flooding.Finally, nost structues at CALO amot protected byan engineering structure.

Only one transportatiomsset at CALOag reported as being elevatettiie Fuel System Bundation at
Cape CoastGuard Station Three transpdation assets were reported agorm resistantthe Harkers
Island Marinaand the kiel SystemFoundations atoth the ¥eomanHouse andCape Coast Gard
Station.Almost onethird of transportationassets were reported to bi@ poor conditionand three-
guarters were reported to have been historically damadpgccoastal storms and flooding. Twelve
transportation assetare protected byanengineeringstructure, most of which are located on Harkers
Island.

Threshold Elevation Data Collection

Threshold aedvation data collected by the NIR&source Information Services Division (Ri&D¢ also

included in the sensitivity analysisleallythe elevation ofall asses would be compared to the Federal
9YSNHSyYyOe al yl3aSyYSyid ! 3SyOsen,and@d @mdcise threshaléd Cf 22 R 9
elevations acquired by RISD make this comparison possible. This aided@taimination of more

reliable sensitivityndicators for assets aEALO.

The precise threshold elevation verifies the firglicator (flood damae potential)of the sensitivity
Fylrftearae ¢KAA StSOFrGA2y ¢l a O2YLI NBR G2 201t .C
threshold was above or below BFE. In general, if an asset is above BFE and also elevated by design, it
received a favorde score for the flood damage potential sensitivity metric. More specific methodology

for verifying and using these data can be found in\Wugnerability Assessment Methodology section of

this document.
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Threshold elevation dataias used to verify the it sensitivity metric (flood damage potential) 8 of
the 152 structuresinalyzed at CALO (data was not used for transportatisatap Sixttwo (63%) of

the structures analyzed hawareshold elevations above local BAHis comparative analysis lex
revised scores for the elevation metric @smpared to the original questionnaire) fot &tructures.
Thisincluded onestructure that was originally reported aglevated which waschanged tanot
elevated(Casablanca House), and2@ucturesoriginally reported agnot elevated that werechanged

to elevated(e.g,.DNBI & LaflyR /FT0Ayad mMX & mnX FYyR mMHT [ Sa&
{GFGA2Y YSSLISNDa vdzZ NIGSNAE |y R Builling). FiguilStlates 2 NIi & Y 2 dz
two examples of the threshold elevation verification.

A. Long Point CG Wetland Pump House

T L
Base Flood Elev. =1.88 mabove NAVDSS ™

aa\AThres old Elev. = 1.77 m- above NAVP881 )
s > - |
. R BFE

(R~
1

Tﬁreshold ABOVE BEE

Threshold Elev:=2.67 ni'abo;le NAVDSS\\_
Base FlgoiEle A4 above NAVDS8 9

Figure2. Two CALGstructures that had revised scores for the flood damage potential (elevated) sensitivity

indicator based on the precise threshold elevation data (collected byR8B) and BFElwes. A) Long Point
Campground Wetland Pumphouse was originally reported as not elevated within the questionnaire, but the
threshold elevation data showed that the first floor was, in fattpve BFETherefore, this structure was modified

to receive a fawrable score for the flood damage potential sensitivity indicator. B) Casablanca House was originally
reported as elevated within the questionnaire, but the threshold elevation data showed that the first floor was, in
fact, slightlybelow BFETherefore, his structure was modified to receive anfavorable score for the flood

damage potential sensitivity indicator.
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Vulnerability Calculation

The majority ofCALCassets are either high or rderate vulnerabilityto coastal hazards and sésvel
rise (Table4, Figures 3and4). Overtwo-thirds (67%) of assets &€ALGare highvulnerability, while %
have moderate vulnerability, anchty 7%havelow vulnerability. A higher percentage of transportation
assets are highly vulnerable compared to stwes 87% compared t®&8%).There are no assets at
CALO with minimal vulnerability.

The high vulnerability assets at CALO have a comlimeent replacementvalue (CRWithin FMS$ of
approximately $42.5 million, which is about 35% of the total CRY a$sets analyzed. When separated
into structures and transportation, the statistics are quite differdrigh vulnerabilityassetsaccount for
93% of thetotal CRMor transportationassets while only 21% of thotal CRMor structuresare high
vulnerability.

The ten most valuable transportaticassets all have high vulnerabilitycludingthe marinas/waterways
at Harkers IslandSouth Core Banks/Coast Guard assal the Cape Lookout Historic Distri8ix of the
ten most valuable stretures fave high vulnerability (including the Cape Lookout Light Stétespe@
Quarters and the Portsmouth Lifeaving Station), arttvo have moderate vulnerability, including the
two mostvaluable asset the Cape Lookout Lighthoussend Harkers Island Admiiviation

Buildingd Visitor Center

Only onestructure has both high vulnerability and high priority to the padsétpriority index [APIp

70 inFMSBIKS /LIS [2212dz0 [AIKEG {GFrdA2y YSSLISNRa vdzZ N
Lighhouse and Haers Island AdministratioBuilding Visitor Centerhave moderate vulnerability and

high priority to the parkAll high priority (APl > 70) transportation assets have high vulilgyab

including multiple segments of the sand roaddNairth Core Banks, éhCape Lookout Historic District,

and South Core Bankand the marinas/waterways at the Cape Lookout Historic District, Harkers Island,

South Core Banks, and Shackleford Banks.

Table4. CA.OVulnerability Results SummarySum of percentages may not equd#lO due to rounding.

MINIMAL
HIGH VULNERABILIT LOW VULNERABILIT
ASSETS - - VULNERABILITY TOTALH
# % # ) # )
STRUCTURES ‘ 88 58% ‘ 51 34% ‘ 13 9% 0 0% ‘ 152
TRANSPORTATIOV{ 61 87% 6 9% 3 4% 0 0% ‘ 70
ALLCALO\SSETS‘ 149 67% 57 26% 16 7% 0 0% ‘ 222
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Figure3. Vulnerability results for select areas of CALDLookout Village, 2) Lighthousad 3) Harkers Island.
Onlyselect assets are labeleBackground is aerial imagery from the ESRI streaming. layer
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C. Portsmouth \ Vulnerability Structures
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Figure4. Vulnerability results for select areas of CALOGIEat Island2)Long Pointand 3) Portsmouth Village
Only select assets are labeldgackground is aerial imagefrom the ESRI streaming layer.
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Overall, twethirds (67%)of all CALGassets have high vulnerability ugithis methodology (Tablé).
Howeverthere are several important caveats to the vulnerability assessment and results:

1) This methodology is meant to assess the vulnerability of a park to coastal hazards and climate
change factors combined (i.e., erosjdlooding, storm surge, sdavel rise, and historical flooding;
see indicator list iVulnerability Assessment Methodologgction). Therefore, a park or section of
park(e.g. Portsmouth Villagehat has maximum exposure to one or more of these facoes,
surge, FEMAE/AEzones) will inherently have a higher overall exposure, and thus, vulneralality.
the same time, some of the assets at CALO were given a low vulnerability to the analyzed coastal
hazards and sekevel rise. This does not mean titaese assets will not be affected by one, or
more, of these hazards before the year 2050 (the time frame of this study), but instead, that the
asset is not withirthe mapped hazard layers utilized (Tablelt)s important to note that any
coastal assetespecially on a barrier island, could be completely destroyedaldyurricane within
any given yeatr.

2) A major goal of this methodology is to create a standard protocol for vulnerability assessments,
regardless of the data utilized. As higher qualitfadeaecome available for the metrics of
vulnerability (exposure and sensitivity), the final rankings for these assets may change. In these
cases, the same protocol will be used, incorporating the more precise data, and increasing the
reliability of the vulerability results (foexample, see FEMA Flooding Data, next section).

3) Vehicle access to tlassets and ferry dock atarkes Islanddepends on several transportation
corridors that are not owned by NPS (eldarkesIsland Road and bridge, Island Bp&ome low
or moderate vulnerability assets could be safe from flooding (andeses rise), but rendered
completely inaccessible by road. Other coastal parks have similar issues that relate to ownership or
jurisdiction of the transportation leading tdPSowned assets and resources, necessitating
coordination (i.e., additional collaborative vulnerability studies) with regional stakeholders,
landowners, and partners.

4) Because the sand roads at CALO were split into segments for scoring, the actuad (@ntb
associated percentagesj assets with a high vulnerability may be lower than reported (all sand
roads ended up with a high vulnerability). The sand roads rapkanlythree entries in FMSS (North
Core Banks Sand Roads, South Core Banks Sand &uah@spe Lookout Historic District Sand
Roads)but this study split the sand roads into 40 different segmemtse segmentation of the
roads can have the effect of skewing the transportation statistics, by giving the appearance of more
GNP I Raé ciudy ligted inEBSSI A further discussion of this can be found in the Unique
Factors & Consideration section of this document.
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Unique Factors& Considerations

Erosion Rate Data

Erosion rate data were acquired fran2 NI K/ BiNsBri ok Gohs@anagement Where

available grosionrates were utilized to make buffer zones for aya&ar time frame (2050). Rates were
binned into the following categories before bufieg: 1m/year, 2m/yearand thenincrements of 2
meterdyear. For shorelines without erosion rate data (ocean or estuarine) a siogalstal proximity

buffer was applied. The erosion rate buffers and the proximity buffers combined comprise this exposure
indicator zone foICALO

FEMA Flooding Data

The FEMA VE Zofwr CALO is rtovell mappednearCape Lookout {§ureb5), while the AEzone idfairly
well mapped. For the areas where the VE zone was missing or incomplete, it was assumed that assets
seaward othe AEzone, werdn fact located in the VE zorfsee yellow arrows in Figure.5)

- L !
Figure5. FEMA AE zone (yellow shaded) and VE zone (red shaded) near the Cape HmdanatDistrict portion
of the park.Notice the limited extent of the VE zone atpthe beachAsset seaward of the Afhear yellow
arrows) were included in the VBackground is aerial imagefrom the ESRI streaming layer.

Seal evel Rise Data

The2050sealevel risemodel data had a minor issue in the Portsmouth Villdigérict of CALOThe

course gridcell size used to produce the skxvel risemodelleft an artificial boundary that cut across

the topographic grain of the islar(@igure6). Therefore, the salevel risedata was compared to the
LiDARDigital Elevation (DEM) modéataat Portsmouth Village and was useditdd NP dzy Rhe Selldzi K ¢
level riseinundation modein places where the two datasets were in disagreement.
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NOAA 2014 DEM
m above NAVD88

Figure6. Sealevel rise datarrorsin the Portsmouth area of the parkor both images, bladkiangles = structures
and black lines = sand road&ackground is aerial imagefrom the ESRI streaming lay@op: Sealevel risemodel
resultsfor CALOblue/greenshade = mapped area of inundation for the 2050-k=eel rise model)Notice the
artificial boundariesof the mapped zoneunning across the topograpt{peach ridgesalmog perfectly eastwest
and northsouth in the central portion of the imagsee white arrows)Bottom: Digital elevation model utilizefibr
comparison and verification against teealevel rise model results (aboveéotice the areas with the artificial
boundaries (just south of the structures) in the deael rise data from the top image correlate to continuous
beach ridges/dunes.
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SandRoads at CRO

There are no paved roads t¢ime barrier island portioaof CALQallthe roads thatsene the various
assets are sand roadBhese roads are often long and lineemntinuingfor miles, intersecting with
numerous oher sand roads along the way. Furthermore FMSSpver 40 miles ofsand road on the
barrier islandsre listed as just three assets (North Core B&aksl Road, South Core Bankand Road,
andCape Lookout Historic Districai®l Road).For example, all the various roadstespurs aCape
Lookout Villag€Fgure7) are Isted in MSS simply a8ape Lookout Historic District Sand Road

In order to acquirexposure andensitivity data for the roads &ALOQthe sandroadsin the barrier
islandswere divided into segment@dNorth Core, 14 segments; South Core, 12 segmentsCape
Lookout, 14 segments]hese segments were based on several factors, primarily exposure level and
connectivity/access to other park assetie segmentation of the roads can have the effect of skgwin
the transportation statisticby giving the apparance of more road$han are actually listed in FMSS.

In the exposure analysispgions of some road segments were both inside and outside of an exposure
zone (for example, only part of a road may intersect the FEMA VE zone). In these cases, a joaiment
was made using the approximate percentage of the road within the zone, as well as the location of the
hazard (if the hazard is only present at the terminus of the road, or intersects in the middle of the road).

Figure7. Example of segmented sandads at CALQ.argeimage:Segments ofhe sand road in theistoricCape
LookoutVillage areaf the park; these segments are listed adyoone asset within FMSBiset: Example of sand
road at CALO.
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