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Executive Summary 

 
The National Park Service (NPS), ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ²ŜǎǘŜǊƴ /ŀǊƻƭƛƴŀ ¦ƴƛǾŜǊǎƛǘȅΩǎ ό²/¦ύ tǊƻƎǊŀƳ ŦƻǊ 
the Study of Developed Shorelines (PSDS), has developed a Coastal Hazards and Sea-Level Rise Asset 
Vulnerability Assessment Protocol. This protocol is meant to assess the vulnerability of infrastructure to 
multiple coastal hazards and climate change factors (i.e., erosion, flooding, storm surge, sea-level rise, 
and historical flooding), over a 35-year planning horizon (2050). Unlike natural resource vulnerability, 
which combines three metrics (exposure, sensitivity, and adaptive capacity), the newly developed 
method for assessing infrastructure includes only exposure and sensitivity to coastal hazards and climate 
change factors in the vulnerability score; adaptation strategies are instead examined in the context of 
the vulnerability results. The overall goal is to standardize the methodologies and data used, allowing 
managers to compare the vulnerability of coastal assets across local, regional, and national levels. 

A total of 152 structures (buildings and shelters) and 70 transportation assets (roads, road segments, 
parking lots, boardwalks, waterfront systems/waterways/marinas, fuel systems, and primary trails) are 
included in the vulnerability assessment of Cape Lookout National Seashore (CALO). The notable result 
of the exposure analysis at CALO is that 94% of all assets (both structures and transportation) have 
either high exposure (49%) or moderate exposure (45%) to coastal hazards and sea-level rise. The 
results also show that the majority of assets have moderate or high sensitivity.  
 
Over two-thirds (67%) of all assets analyzed at CALO have high vulnerability to coastal hazards and sea-
level rise, and another quarter (26%) have moderate vulnerability. In general, a higher percentage of 
transportation assets are highly vulnerable when compared to structures.  
  
The high vulnerability assets at CALO have a combined current replacement value (within the NPS asset 
management database) of approximately $42.5 million, which is roughly 35% of the total value of all 
assets analyzed within the park. The ten most valuable transportation assets all have high vulnerability, 
including the marinas/waterways at Harkers Island, South Core Banks/Coast Guard area, and the Cape 
Lookout Historic District. Six of the ten most valuable structures have high vulnerability (including the 
Cape Lookout Light Station KeeperΩs Quarters and the Portsmouth Life-Saving Station), and two have 
moderate vulnerability, includiƴƎ ǘƘŜ ǇŀǊƪΩǎ ǘǿƻ Ƴƻǎǘ ǾŀƭǳŀōƭŜ ŀǎǎŜǘǎΥ the Cape Lookout Lighthouse and 
Harkers Island Administration Building/Visitor Center. 
  
One structure has both high vulnerability and high priority to the park (asset priority index within the 
NPS database > 70): ǘƘŜ /ŀǇŜ [ƻƻƪƻǳǘ [ƛƎƘǘ {ǘŀǘƛƻƴ YŜŜǇŜǊΩǎ vǳŀǊǘŜǊǎΦ ¢ǿƻ ǎǘǊǳŎǘǳǊŜǎΣ ǘƘŜ /ŀǇŜ 
Lookout Lighthouse and Harkers Island Administration Building/Visitor Center, have moderate 
vulnerability and high priority to the park. All of the high priority transportation assets have high 
vulnerability, including most segments of the sand roads at North Core Banks, Cape Lookout Historic 
District, and South Core Banks.  
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Vulnerability Assessment Products & Deliverables 

1. Excel datasheets ς All results, including asset-specific scoring, are provided in tabular form. The 
exposure, sensitivity, and vulnerability scores are reported alongside the Facilities Management 
Software Systems (FMSS) data for each asset, as well as the scores for each step of the analysis.  
 

2. Geographic Information Systems (GIS) Maps and Layers ς All GIS data, including the exposure 
layers, exposure results, and final vulnerability results will be sent to the park as a separate file. 
The GIS data will also be available to view online at the NPS ArcGIS Online website. Digital data 
sources can be found in the next section of this document. Contact WCU or NPS for further 
information. 
 

3. Park Specific Vulnerability Results Summary Document ς This summary (herein) explains the 
deliverables, results, and methodology. It briefly summarizes the vulnerability assessment 
results in the aforementioned datasheets and maps, as well as the methodology, which has 
been vetted and approved by NPS. This document does not fully describe all results from the 
analysis; see provided datasheets for detailed results.  

 
Digital Data Sources 

1. FEMA Flood Zones - FEMA's National Flood Hazard Layer (Official) on ArcGIS.com. All areas of 
the park are covered by the official National Flood Hazard Layer, although some errors exist (see 
the Unique Factors & Considerations section for more information). Two primary FEMA flood 
zones are utilized: the VE and AE zones. According to FEMA, the VE zones are areas subject to 
inundation by the 1-percent-annual-chance flood event, with additional hazards due to storm-
induced velocity wave action, and the AE zones are areas subject to inundation by the 1-
percent-annual-chance flood event (determined by detailed methods). 

2. Sea Level Rise ς Climate Change Response Program (CCRP) - Data provided by NPS CCRP; full 
publication related to product in press (not accessible yet); metadata is available. Provided to 
WCU as geodatabase by CCRP. Utilized the KHWK_slr_85_2050 layer, which represents the 2050 
sea-level rise inundation model (high scenario). All areas of the park are covered by this sea-
level rise layer, although some errors exists (see the Unique Factors & Considerations section for 
more information).  

3. Surge (SLOSH) ς Climate Change Response Program (CCRP) - Data provided by NPS CCRP; full 
publication related to product in press (not 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 by the SLOSH model.   

4. Erosion/Coastal Proximity - Erosion rate data were acquired from bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ 5ƛǾƛǎƛƻƴ ƻŦ 
Coastal Management. Where available, rates were utilized to make buffer zones for a 35-year 
time frame (2050). Rates were binned into the following categories before buffering: 1m/year, 
2m/year, 4m/year, 6m/year, 8m/year, etc. (increments of 2 meters). For shorelines without 
erosion rate data (ocean or estuarine) a simple coastal proximity buffer was applied. The erosion 
rate buffers and the proximity buffers combined comprise this exposure indicator zone for 
CALO. Digitized shoreline using ESRI streaming layer at scale of 1:2500.  
 

https://hazards-fema.maps.arcgis.com/apps/webappviewer/index.html?id=8b0adb51996444d4879338b5529aa9cd
https://deq.nc.gov/about/divisions/coastal-management
https://deq.nc.gov/about/divisions/coastal-management
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 Introduction & Project Description 

 
The National Park Service (NPS), ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ²ŜǎǘŜǊƴ /ŀǊƻƭƛƴŀ ¦ƴƛǾŜǊǎƛǘȅΩǎ ό²/¦ύ tǊƻƎǊŀƳ ŦƻǊ 
the Study of Developed Shorelines (PSDS), has developed a Coastal Hazards and Sea-Level Rise Asset 
Vulnerability Assessment Protocol. This protocol establishes a standard methodology and set of best 
practices for conducting vulnerability assessments in the built environment.  

Standardizing the methodologies and data utilized in these assessments allows managers to compare 
the vulnerability of coastal park assets across local, regional, and national levels. This includes the 
standardization of data inputs (i.e. widely available, established data) that will allow the application of a 
consistent methodology among units. Another goal is to create a more complete and effective set of 
indicators for assessing the sensitivity of assets to coastal hazards. The focus for this protocol is on 
structures and transportation assets in the NPS asset database (Facilities Management Software System; 
FMSS), but it could be adapted to other resources. 

A proposed standardized approach to assessing climate change vulnerability was described in a multiple 
ŀƎŜƴŎȅ όbh!!Σ bt{Σ ¦{D{Σ 5h5Σ b²CΣ ŀƴŘ ¦{C{ύ ŘƻŎǳƳŜƴǘ ǘƛǘƭŜŘ ά{ŎŀƴƴƛƴƎ ǘƘŜ /ƻƴǎŜǊǾŀǘƛƻƴ IƻǊƛȊƻƴΥ 
A Guide to Climate Change Vulnerability !ǎǎŜǎǎƳŜƴǘ όDƭƛŎƪ Ŝǘ ŀƭΦΣ нлммύΦέ ¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŘŜŦƛƴŜǎ ǘƘŜ 
vulnerability of natural resources to climate change as: the extent to which a species, habitat, or 
ecosystem is susceptible to harm from climate change impacts. Vulnerability under this approach is 
comprised of three equally weighted metrics or components: exposure, sensitivity, and adaptive 
capacity: 

Vulnerability = Exposure + Sensitivity + Adaptive Capacity 
V Exposure refers to whether a resource or system is located in an area experiencing direct 

impacts of climate change, such as temperature and precipitation changes, or indirect impacts, 
such as sea-level rise. 

V Sensitivity refers to how a resource or system fares when exposed to an impact. 
V Adaptive Capacity refers to ŀ ǊŜǎƻǳǊŎŜΩǎ ƻǊ ǎȅǎǘŜƳΩǎ ŀōility to adjust or cope with existing 

climate variability or future climate impacts. 
  
While this methodology has been successfully applied to natural systems, some aspects are less 
appropriate for application in the built environment (i.e., buildings, roads, etc.). For example, 
structures cannot inherently adapt to climate change or other hazards, while natural resources often 
can (a salt marsh can adapt to changes in sea level by migrating upland, whereas a building cannot). 
Therefore, NPS and WCU have modified the methodology and formula for conducting vulnerability 
assessments of infrastructure within national parks. The new modified formula for the vulnerability of 
the built environment (buildings, transportation assets, etc.) is as follows:  
  
Vulnerability = Exposure + Sensitivity  
 
For this methodology, adaptive 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. Identifying the 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 Methodology  

 
The Coastal Hazards and Sea-Level Rise Vulnerability Assessment Protocol has four primary steps: 1) 
Exposure Analysis and Mapping, 2) Sensitivity Analysis, 3) Vulnerability Calculation, and 4) Adaptation 
Strategies Analysis. A detailed description of the protocol can be found in the final section of this 
document: Vulnerability Assessment Methodology. Further scoring information can also be found in the 
Excel results sheets that accompany this report. Below is a general description of the first three steps of 
the protocol.  
 
Exposure Analysis and Mapping: Standard exposure indicators have been established as part of this 
protocol (Table 1); these indicators represent the primary factors that should be evaluated to determine 
ŀƴ ŀǎǎŜǘΩǎ Ŏƻŀǎǘŀƭ ƘŀȊŀrd and climate change exposure (to the year 2050). The exposure analysis utilizes 
data imported into a Geographical Information System (GIS), as exposure is directly dependent on 
location relative to mapped hazard data. Assets located within an exposure indicator 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 score. Final exposure scores fall into one 
of four ranking categories (based on the number of exposure zones): minimal exposure (asset does not 
lie within any mapped zone), low exposure (1 zone), moderate exposure (2-3 zones), and high exposure 
(4-5 zones). 
 

Table 1.  CALO specific hazards and data sources for the exposure indicators. 

Exposure Indicators CALO Specific Hazards CALO Data Sources 

Flooding Potential 1% annual flood ± velocity/waves FEMA Flood Zones (VE or AE)  

Extreme Event Flooding Storm surge NPS-specific SLOSH model 

Sea-Level Rise Inundation 2050 sea-level rise NPS-specific SLR modeling 

Shoreline Change Erosion & coastal proximity  NC erosion rates & shoreline proximity buffers 

Reported Coastal Hazards Historical flooding Park questionnaire; storm imagery 

 

Sensitivity Analysis: Sensitivity is a function of the inherent properties or characteristics of an asset. 
Primary indicators have also been determined for asset sensitivity: flood damage potential, storm 
resistance and condition, historical damage, and protective engineering. The main data source for much 
of the sensitivity analysis is an asset-specific questionnaire (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.g., an 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 minimal exposure are 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, and then binned into four vulnerability ranking categories. The vulnerability ranking 
categories are as follows: minimal (assets with minimal exposure), low, moderate, and high.  
 
Unique Factors: Each park has a unique set of conditions based on the data available and the geologic 
setting. At CALO, the primary unique factors are 1) poorly mapped FEMA data in certain areas of the 
park, 2) minor errors in the sea-level rise model results near Portsmouth Village, and 3) the division of 
the sand roads into segments (listed in FMSS as only three roads, split into multiple segments for easier 
analysis). A more detailed description of these factors, including how they affected the results for CALO, 
are presented later in the report, in the section titled: Unique Factors & Considerations.  
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Results Summary & Discussion 

 
A total of 152 structures (buildings and shelters) and 70 transportation assets (roads, road segments, 
parking lots, bridges, boardwalks, waterfront systems/waterways/marinas, fuel system foundations, and 
primary trails) were included in the vulnerability assessment of CALO. The ǘŜǊƳ άŀǎǎŜǘέ ǿƛƭƭ ōŜ ǳǎŜŘ ƛƴ 
this document to represent any structure or transportation infrastructure listed in FMSS, regardless of 
ownership. Also, the results for this vulnerability assessment represent a time frame of approximately 
35 years, to the year 2050.  
 
Exposure Analysis 
The notable result of the exposure analysis at CALO is that 94% of all assets (both structures and 
transportation) have either a high exposure (49%) or moderate exposure (45%) to coastal hazards and 
sea-level rise (Table 2). Among structures, 43% have high exposure, while 50% have moderate exposure. 
The high exposure structures are concentrated in barrier island districts (Figure 1B), Portsmouth Village 
(Figure 1C), Long Point and Great Island, as well as Shackleford Banks. Nearly two-thirds (61%) of 
transportation assets have high exposure, while over one-third (36%) have moderate exposure. The 
majority of high exposure transportation assets are sand roads (see further discussion in Unique Factors 
& Considerations section of this document) and bridges that serve the various park districts on North 
and South Core Banks, as well as dock and marina assets, which are inherently exposed due to proximity 
to the ocean. However, a few key parking lots at Harkers Island (Visitor Center and Picnic Area) also have 
high exposure (Figure 1A). 
 
Very few assets (6%) at CALO have low exposure to coastal hazards and sea-level rise (Table 2). Most of 
the low exposure structures are located at Harkers Island (Figure 1A; Housing Quarters 101, 105, 106; 
Fire Cache; Radio Shack; RM and Ranger Garages; Maintenance Building). Of all the structures on the 
barrier islands, only the Coast Guard Station and its Summer Kitchen near Cape Lookout Village have low 
exposure. Only two transportation assets at CALO have low exposure, both of which are located on 
Harkers Island (Figure 1A; Maintenance Parking Lot and the unpaved portion of Cape Point Road). 
 

 
The overall high exposure scores for CALO are primarily due to the fact that most of the park assets are 
situated on low-lying barrier islands (Shackleford and Core Banks), and are often in close proximity to 
the ocean. This places many assets within the storm surge and FEMA flood zones, and has caused many 
assets to have been flooded in the past. Only the assets situated further inland have moderate or low 
exposure (Figure 1). 

Table 2. CALO Exposure Results Summary. Sum of percentages may not equal 100 due to rounding.  

ASSETS 
HIGH  EXPOSURE MODERATE EXPOSURE LOW  EXPOSURE MINIMAL  EXPOSURE 

TOTAL #  
# % # % # % # % 

STRUCTURES 65 43% 76 50% 11 7% 0 0% 152 

TRANSPORTATION 43 61% 25 36% 2 3% 0 0% 70 

ALL CALO ASSETS 108 49% 101 45% 13 6% 0 0% 222 
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Figure 1. Example of exposure results at CALO. Red indicates high exposure, orange indicates moderate exposure, 
and blue indicates low exposure at A) Harkers Island, B) Cape Lookout, and C) Portsmouth Village.  
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Sensitivity Analysis 
The sensitivity results for CALO assets (structures and transportation combined) show the majority have 
either moderate (53%) or high (45%) sensitivity to coastal hazards and sea-level rise (Table 3). When 
separated into structures and transportation, the scores are slightly different. Most structures have 
moderate sensitivity (70%), while the transportation assets are primarily high sensitivity (83%). Only 2% 
of assets have low sensitivity. No assets have minimal exposure (all assets are in at least one exposure 
zone; Tables 1 and 2); therefore, all assets at CALO were analyzed for sensitivity.  
 
Table 3. CALO Sensitivity Results Summary. Sum of percentages may not equal 100 due to rounding. 

 
Of the 153 structures analyzed at CALO, only the Harkers Island Maintenance Building, Cape Lookout 
Lighthouse and Oil House, and the Summer Kitchen Cistern at Cape Coast Guard Station were reported 
to be storm resistant. Around one-quarter of structures were reported to be in poor condition, mostly 
within the Portsmouth Village and Cape Lookout Village areas of the park. In addition, approximately 
one-quarter of structures were reported to have been historically damaged by coastal storms and 
flooding. Finally, most structures at CALO are not protected by an engineering structure.  
 
Only one transportation asset at CALO was reported as being elevated: the Fuel System Foundation at 
Cape Coast Guard Station. Three transportation assets were reported as storm resistant: the Harkers 
Island Marina, and the Fuel System Foundations at both the Yeoman House and Cape Coast Guard 
Station. Almost one-third of transportation assets were reported to be in poor condition, and three-
quarters were reported to have been historically damaged by coastal storms and flooding. Twelve 
transportation assets are protected by an engineering structure, most of which are located on Harkers 
Island.   
 
Threshold Elevation Data Collection  
Threshold elevation data collected by the NPS Resource Information Services Division (RISD) were also 
included in the sensitivity analysis. Ideally, the elevation of all assets would be compared to the Federal 
9ƳŜǊƎŜƴŎȅ aŀƴŀƎŜƳŜƴǘ !ƎŜƴŎȅΩǎ όC9a!ύ .ŀǎŜ CƭƻƻŘ 9ƭŜǾŀǘƛƻƴ (BFE), and the precise threshold 
elevations acquired by RISD make this comparison possible. This aided in the determination of more 
reliable sensitivity indicators for assets at CALO. 

The precise threshold elevation verifies the first indicator (flood damage potential) of the sensitivity 
ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ŜƭŜǾŀǘƛƻƴ ǿŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ƭƻŎŀƭ .C9 ŦƻǊ ŜŀŎƘ ŀǎǎŜǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜ ŀǎǎŜǘΩǎ ǇǊƛƳŀǊȅ 
threshold was above or below BFE. In general, if an asset is above BFE and also elevated by design, it 
received a favorable score for the flood damage potential sensitivity metric. More specific methodology 
for verifying and using these data can be found in the Vulnerability Assessment Methodology section of 
this document.  

ASSETS 
HIGH  SENSITIVITY MODERATE SENSITIVITY LOW  SENSITIVITY TOTAL # 

ANALYZED 
EXCLUDED*  

(MIN. EXPOSURE) # % # % # % 

STRUCTURES 42 28% 106 70% 4 3% 152 0 

TRANSPORTATION 58 83% 11 16% 1 1% 70 0 

ALL CALO ASSETS 100 45% 117 53% 5 2% 222 0 

*Assets with minimal exposure (in no hazard zone) were excluded from the sensitivity analysis. Total # analyzed is different for sensitivity 
compared to exposure and vulnerability. 
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Threshold elevation data was used to verify the first sensitivity metric (flood damage potential) for 98 of 
the 152 structures analyzed at CALO (data was not used for transportation assets). Sixty-two (63%) of 
the structures analyzed have threshold elevations above local BFE. This comparative analysis led to 
revised scores for the elevation metric (as compared to the original questionnaire) for 21 structures. 
This included one structure that was originally reported as άelevatedΣέ which was changed to not 
elevated (Casablanca House), and 20 structures originally reported as άnot elevatedέ that were changed 
to elevated (e.g., DǊŜŀǘ LǎƭŀƴŘ /ŀōƛƴǎ мΣ фΣ млΣ ŀƴŘ мнΤ [Ŝǎ ϧ {ŀƭƭȅΩǎ aŀƛƴ .ǳƛƭŘƛƴƎΤ /ŀǇŜ [ƻƻƪƻǳǘ [ƛƎƘǘ 
{ǘŀǘƛƻƴ YŜŜǇŜǊΩǎ vǳŀǊǘŜǊǎ ŀƴŘ hƛƭ IƻǳǎŜΤ tƻǊǘǎƳƻǳǘƘ ±ƛƭƭŀƎŜ 9ǉǳƛǇƳŜƴǘ Building). Figure 2 illustrates 
two examples of the threshold elevation verification.  

 
Figure 2. Two CALO structures that had revised scores for the flood damage potential (elevated) sensitivity 
indicator based on the precise threshold elevation data (collected by NPS-RISD) and BFE values. 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 fact, above BFE. Therefore, this structure was modified 
to receive a favorable 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, slightly below BFE. Therefore, this structure was modified to receive an unfavorable score for the flood 
damage potential sensitivity indicator. 
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Vulnerability Calculation 
The majority of CALO assets are either high or moderate vulnerability to coastal hazards and sea-level 
rise (Table 4, Figures 3 and 4). Over two-thirds (67%) of assets at CALO are high vulnerability, while 26% 
have moderate vulnerability, and only 7% have low vulnerability. A higher percentage of transportation 
assets are highly vulnerable compared to structures (87% compared to 58%). There are no assets at 
CALO with minimal vulnerability. 
 
The high vulnerability assets at CALO have a combined current replacement value (CRV within FMSS) of 
approximately $42.5 million, which is about 35% of the total CRV of all assets analyzed. When separated 
into structures and transportation, the statistics are quite different; high vulnerability assets account for 
93% of the total CRV for transportation assets, while only 21% of the total CRV for structures are high 
vulnerability.  
 
The ten most valuable transportation assets all have high vulnerability, including the marinas/waterways 
at Harkers Island, South Core Banks/Coast Guard area, and the Cape Lookout Historic District. Six of the 
ten most valuable structures have high vulnerability (including the Cape Lookout Light Station KeeperΩs 
Quarters and the Portsmouth Life-Saving Station), and two have moderate vulnerability, including the 
two most valuable assets, the Cape Lookout Lighthouse, and Harkers Island Administration 
Building/Visitor Center. 
 
Only one structure has both high vulnerability and high priority to the park (asset priority index [API] > 
70; in FMSS): ǘƘŜ /ŀǇŜ [ƻƻƪƻǳǘ [ƛƎƘǘ {ǘŀǘƛƻƴ YŜŜǇŜǊΩǎ vǳŀǊǘŜǊǎΦ ¢ǿƻ ǎǘǊǳŎǘǳǊŜǎΣ ǘƘŜ /ŀǇŜ [ƻƻƪƻǳǘ 
Lighthouse and Harkers Island Administration Building/Visitor Center, have moderate vulnerability and 
high priority to the park. All high priority (API > 70) transportation assets have high vulnerability, 
including multiple segments of the sand roads at North Core Banks, the Cape Lookout Historic District, 
and South Core Banks, and the marinas/waterways at the Cape Lookout Historic District, Harkers Island, 
South Core Banks, and Shackleford Banks.  

 
 
 

Table 4. CALO Vulnerability Results Summary. Sum of percentages may not equal 100 due to rounding. 

ASSETS 
HIGH  VULNERABILITY 

MODERATE 

VULNERABILITY 
LOW  VULNERABILITY 

MINIMAL  

VULNERABILITY TOTAL #  

# % # % # % # % 

STRUCTURES 88 58% 51 34% 13 9% 0 0% 152 

TRANSPORTATION 61 87% 6 9% 3 4% 0 0% 70 

ALL CALO ASSETS 149 67% 57 26% 16 7% 0 0% 222 



 

12 | C A L O  V u l n e r a b i l i t y  A s s e s s m e n t  R e s u l t s 
 

 
Figure 3. Vulnerability results for select areas of CALO: 1) Lookout Village, 2) Lighthouse, and 3) Harkers Island. 
Only select assets are labeled. Background is aerial imagery from the ESRI streaming layer.



 

13 | C A L O  V u l n e r a b i l i t y  A s s e s s m e n t  R e s u l t s 
 

Figure 4. Vulnerability results for select areas of CALO: 1) Great Island, 2) Long Point, and 3) Portsmouth Village. 
Only select assets are labeled. Background is aerial imagery from the ESRI streaming layer. 
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Overall, two-thirds (67%) of all CALO assets have high vulnerability using this methodology (Table 4). 
However, there 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., erosion, flooding, storm surge, sea-level rise, and historical flooding; 
see indicator list in Vulnerability Assessment Methodology section). Therefore, a park or section of 
park (e.g. Portsmouth Village) that has maximum exposure to one or more of these factors (i.e., 
surge, FEMA VE/AE zones) will inherently have a higher overall exposure, and thus, vulnerability. At 
the same time, some of the assets at CALO were given a low vulnerability to the analyzed coastal 
hazards and sea-level rise. This does not mean that these 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 within the mapped hazard layers utilized (Table 1). It is important to note that any 
coastal asset, especially on a barrier island, could be completely destroyed by a hurricane within 
any given year.  

2) A major goal of this methodology is to create a standard protocol for vulnerability assessments, 
regardless of the data utilized. As higher quality data become 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 vulnerability results (for example, see FEMA Flooding Data, next section).  

3) Vehicle access to the assets and ferry dock at Harkers Island depends on several transportation 
corridors that are not owned by NPS (e.g., Harkers Island Road and bridge, Island Road). Some low 
or moderate vulnerability assets could be safe from flooding (and sea-level rise), but rendered 
completely inaccessible by road. Other coastal parks have similar issues that relate to ownership or 
jurisdiction of the transportation leading to NPS-owned 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 actual number (and 

associated percentages) of assets with a high vulnerability may be lower than reported (all sand 
roads ended up with a high vulnerability). The sand roads make up only three entries in FMSS (North 
Core Banks Sand Roads, South Core Banks Sand Roads, and Cape Lookout Historic District Sand 
Roads), but this study split the sand roads into 40 different segments. The segmentation of the 
roads can have the effect of skewing the transportation statistics, by giving the appearance of more 
άǊƻŀŘǎέ ǘƘŀƴ ŀǊŜ ŀctually listed in FMSS. 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 from bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Division of Coastal Management. Where 
available, erosion rates were utilized to make buffer zones for a 35-year time frame (2050). Rates were 
binned into the following categories before buffering: 1m/year, 2m/year, and then increments of 2 
meters/year. For shorelines without erosion rate data (ocean or estuarine) a simple coastal proximity 
buffer was applied. The erosion rate buffers and the proximity buffers combined comprise this exposure 
indicator zone for CALO.  
 
FEMA Flooding Data 
The FEMA VE Zone for CALO is not well mapped near Cape Lookout (Figure 5), while the AE zone is fairly 
well mapped. For the areas where the VE zone was missing or incomplete, it was assumed that assets 
seaward of the AE zone, were in fact located in the VE zone (see yellow arrows in Figure 5).  
 

 
Figure 5. FEMA AE zone (yellow shaded) and VE zone (red shaded) near the Cape Lookout Historic District portion 
of the park. Notice the limited extent of the VE zone along the beach. Assets seaward of the AE (near yellow 
arrows) were included in the VE. Background is aerial imagery from the ESRI streaming layer. 
 

Sea-Level Rise Data 
The 2050 sea-level rise model data had a minor issue in the Portsmouth Village district of CALO. The 
course grid cell size used to produce the sea-level rise model left an artificial boundary that cut across 
the topographic grain of the island (Figure 6). Therefore, the sea-level rise data was compared to the 
LiDAR Digital Elevation (DEM) model data at Portsmouth Village and was used to άƎǊƻǳƴŘ ǘǊǳǘƘέ the sea-
level rise inundation model in places where the two datasets were in disagreement. 
 

https://deq.nc.gov/about/divisions/coastal-management
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Figure 6. Sea-level rise data errors in the Portsmouth area of the park. For both images, black triangles = structures 

and black lines = sand roads. Background is aerial imagery from the ESRI streaming layer. Top: Sea-level rise model 

results for CALO (blue/green shade = mapped area of inundation for the 2050 sea-level rise model). Notice the 

artificial boundaries of the mapped zone running across the topography (beach ridges) almost perfectly east-west 

and north-south in the central portion of the image (see white arrows). Bottom: Digital elevation model utilized for 

comparison and verification against the sea-level rise model results (above). Notice the areas with the artificial 

boundaries (just south of the structures) in the sea-level rise data from the top image correlate to continuous 

beach ridges/dunes.  
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Sand Roads at CALO  
There are no paved roads on the barrier island portions of CALO; all the roads that serve the various 
assets are sand roads. These roads are often long and linear, continuing for miles, intersecting with 
numerous other sand roads along the way. Furthermore, in FMSS, over 40 miles of sand roads on the 
barrier islands are listed as just three assets (North Core Banks Sand Road, South Core Banks Sand Road, 
and Cape Lookout Historic District Sand Road). For example, all the various roads and spurs at Cape 
Lookout Village (Figure 7) are listed in FMSS simply as Cape Lookout Historic District Sand Road.  

In order to acquire exposure and sensitivity data for the roads at CALO, the sand roads in the barrier 
islands were divided into segments (North Core, 14 segments; South Core, 12 segments; and Cape 
Lookout, 14 segments). These segments were based on several factors, primarily exposure level and 
connectivity/access to other park assets. The segmentation of the roads can have the effect of skewing 
the transportation statistics by giving the appearance of more roads than are actually listed in FMSS. 

In the exposure analysis, portions 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 judgment call 
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).   

 
Figure 7. Example of segmented sand roads at CALO. Large image: Segments of the sand road in the Historic Cape 

Lookout Village area of the park; these segments are listed as only one asset within FMSS. Inset: Example of a sand 

road at CALO.  


