
COASTAL HAZARDS & SEA-LEVEL RISE ASSET VULNERABILITY

ASSESSMENT PROTOCOL: PRESERVING OUR NATIONAL HERITAGE

Program for the Study of Developed 
Shorelines, Western Carolina University

• NPS – Park Facility Management Division -
Sustainable Operations Branch

• NPS – Park Facility Management Division -
Facilities Planning Branch

• NPS – Climate Change Response Program



Total Assets Analyzed High Exposure Results

Region
# 

Assets
CRV

# 

Assets

% of 

Total 

Assets

CRV

% of 

Total 

CRV

% 

Historic1

NER 3,683 $12,558,630,579 1,151 31% $5,840,064,747 47% 19%

SER 3,455 $37,097,656,761 2,762 80% $13,493,524,509 36% 14%

PWR 5,074 $10,373,481,532 481 9% $1,609,426,190 16% 11%

IMR 242 $127,074,693 30 12% $41,775,751 33% 0%

AKR 316 $219,444,614 3 1% $107,831 0% 0%

NCR 2,578 $10,422,456,372 214 8% $2,277,767,920 22% 4%

All 

Units
15,348 $70,798,744,551 4,641 30% $23,262,666,948 33% 15%

Assets in coastal parks exposed to 1 m

of SLR: 103 coastal parks analyzed.



Mission

• The Program for the Study of Developed Shorelines 
serves as a nexus between coastal science and policy.  
The PSDS applies innovative approaches to studying 
and understanding coastal processes, as well as 
translating new coastal science into sensible, science-
based management recommendations.  The center 
also seeks to communicate this science to the 
general public through traditional and non-
traditional outlets.











Program for the Study of Developed Shorelines
It’s all about communicating



PRIMARY GOALS

• Asset level protocol: Create methodology for 
assessing vulnerability of NPS assets to coastal 
hazards & SLR (structures + transportation assets)

• Standardize methodology to allow comparison across 
regions

• Use consistent data sources: established & reliable 
data, universal & georeferenced, likely to be updated 
& maintained

• Provide actionable information!!! Decision-makers 
don’t need a bunch of additional hazard maps to look 
through.

• Integrate the VA scoring into all park planning, short-
and long-term



CONCEPTUAL DESIGN

METRICS OF VULNERABILITY: NATURAL RESOURCES

VULNERABILITY EXPOSURE SENSITIVITY ADAPTIVE CAPACITY

Exposure
if a resource is located in 
an area experiencing 
climate change & coastal 
hazards

Sensitivity
how a resource fares 
when exposed to an 
impact

Adaptive capacity
the ability of the 
resource to adjust 
or cope with 
impacts



CONCEPTUAL DESIGN

ADAPTIVE CAPACITY

SLR = MIGRATION UPLAND

ADAPTIVE CAPACITY

SLR = DEPENDS



CONCEPTUAL DESIGN

METRICS OF VULNERABILITY: INFRASTRUCTURE

✓ Still significant, but addressed separately
✓ Not part of vulnerability formula/score
✓ Adaptation actions are developed at the end 

of the assessment

Adaptive 
Capacity

VULNERABILITY EXPOSURE SENSITIVITY



COASTAL HAZARD & SLR EXPOSURE INDICATORS

INDICATOR DATA SOURCES

FLOODING POTENTIAL
1% ANNUAL FLOOD CHANCE ± VELOCITY/WAVES

• FEMA Flood Zones (VE or AE); LiDAR DEM or other 

elevation model 

EXTREME EVENT FLOODING
STORM SURGE, TSUNAMI, EXTREME HIGH WATER

• NPS-specific SLOSH model; tsunami models; tide gage 

recorded extreme high water data

SEA-LEVEL RISE INUNDATION
2050 PROJECTION

• NPS-specific SLR modeling; LiDAR DEM or other elevation 

model 

SHORELINE CHANGE
EROSION, COASTAL PROXIMITY, CLIFF RETREAT

• State or USGS erosion rate buffers; cliff retreat rate 

buffers; shoreline proximity buffers

REPORTED COASTAL HAZARDS
HISTORIC FLOODING, VISIBLE SLOPE INSTABILITY

• Park surveys/questionnaire results; storm imagery & 

reconnaissance

INDICATORS: FACTORS/DATA TO CONSIDER WHEN ANALYZING EXPOSURE OF AN ASSET

• Goal: consistent data sources across parks (when possible)
• Exposure time frame: 2050



FLOODING POTENTIAL INDICATOR DATA

Cape Lookout

VE (Highest Hazard): Areas subject to inundation by the 1-percent-annual-chance flood event with additional hazards due to storm-induced velocity wave action. Base 
Flood Elevations (BFEs) derived from detailed hydraulic analyses are shown. Mandatory flood insurance purchase requirements and floodplain management standards 
apply.

AE (or other A): Areas subject to inundation by the 1-percent-annual-chance flood event determined by detailed methods. Base Flood Elevations (BFEs) are shown. 
Mandatory flood insurance purchase requirements and floodplain management standards apply.

Lighthouse Area

HQ

Maintenance

Ferry

Lighthouse

Data Source: FEMA

Data: 
FEMA High Risk 

Flood Zones 
(VE and A Zones)



Data Source: NPS CCRP

EXTREME EVENT FLOODING INDICATOR DATA

Data: 
Storm Surge Cat 3 SLOSH Model

Lighthouse

HQ

Maintenance

Ferry



SLR INUNDATION INDICATOR DATA

Data Info: NPS-specific SLR models 2050 
Intermediate Projection (obtained from 
NPS Climate Change Response Program)

Data: 
Sea-level rise (SLR)

HQ

Maintenance

Ferry

Lighthouse



SHORELINE CHANGE INDICATOR DATA

Data: 35-year erosion buffer zones & 
coastal proximity buffers  Data Source: USGS Erosion Rates

Lighthouse



COASTAL HAZARDS FIELD DATA FROM PAST EVENTS

Data Sources: 
Historical Flooding 

Reports (Questionnaire) & 
Storm Imagery

Historical Flooding Data 
https://arcg.is/1Gq0yy

https://arcg.is/1Gq0yy


EXPOSURE SCORING & RESULTS

Portsmouth Village

Cape Lookout

Flooding Indicator
Surge Indicator

SLR Indicator
Erosion/Coastal Proximity Indicator

Historical Flooding Indicator

TOTAL EXPOSURE SCORE

Exposure Scoring & Rank Definitions

Overall: This methodology is meant to assess the exposure of each  asset to multiple coastal hazards and climate change factors combined (i.e., erosion, flooding, 
storm surge, sea-level rise, and historical flooding)

High: A ranking of "high" means that an asset is in a location that intersects at least 4 exposure indicators. This means the asset may not be within 1 of the 5 
coastal hazard and SLR exposure indicator zones. 

Moderate: A ranking of "moderate" means that an asset is in a location that intersects 2 or 3 exposure indicators. This means the asset may not be within 2 or 3 of 
the coastal hazard and SLR exposure indicator zones. 

Low: A ranking of “low" means that an asset is in a location that intersects only 1 exposure indicator hazard zone. This means the asset is only within 1 of the 5 
coastal hazard and SLR exposure indicator zones; the asset could still be seriously impacted by one hazard. 

Minimal: A ranking of "minimal" means that an asset is not in ANY of the coastal hazard and SLR exposure indicator zones. This does not mean that the asset has 
no exposure, but instead, that the current data does not overlap with the location of the asset. 

Exposure Scoring 

# of Exp Zones Raw Score Final  Score Rank

4-5 17-20 4 High

2-3 11-14 3 Moderate

1 8 2 Low

0 5 1 Minimal

1

4

4

4
4

4



EXPOSURE SCORING & DRAFT RESULTS



West 
Entrance 
Comfort & 
Pavilion

West Entrance Road

LH Dune Cut

BW – Annex to Dock 5 

Light station Docks

Lighthouse

Annex/Housing

Fresnel Lens

Lighthouse Area

EXPOSURE MAPS

https://nps.maps.arcgis.com/apps/webappviewer/index.html?id=9eddd6558099412ca5d446862ab7ff74

https://nps.maps.arcgis.com/apps/webappviewer/index.html?id=9eddd6558099412ca5d446862ab7ff74


EXPOSURE MAPS

Barrett Beach 
Docks/Marina

Restrooms

Snack Bar
Sun Shelter

Quarters

Talisman MotelComfort Station
Maintenance

Barrett Beach/ 
Talisman Area



INDICATOR COMMON DATA SOURCES

 FLOOD DAMAGE POTENTIAL
• Direct field measurement: threshold elevation, park 

personnel surveys/interviews, field surveys

 STORM RESISTANCE & CONDITION • Park personnel surveys/interviews, FMSS 

 HISTORICAL DAMAGE • Park personnel surveys/interviews, park documents/reports

 PROTECTIVE ENGINEERING
• Park personnel surveys/interviews, coastal engineering 

inventory (WCU/OSU), field surveys

INDICATORS: FACTORS/DATA TO CONSIDER WHEN ANALYZING SENSITIVITY OF AN ASSET

COASTAL HAZARD & SLR SENSITIVITY INDICATORS



SENSITIVITY INFORMATION – PARK QUESTIONNAIRE



THRESHOLD ELEVATION DATA COLLECTION
NPS Resource Information Services Division (Brian Diethorn & Tim Smith)
WCU: Verifying Sensitivity Indicator (Q1: Elevated)

Elevation =  5+ ft 

above FEMA BFE 

(Base Flood 

Elevation)

COASTAL HAZARD & SLR SENSITIVITY INDICATORS



SENSITIVITY & VULNERABILITY SCORING

Flood Damage Potential Indicator
Storm Resistance/Condition Indicator

Historical Damage Indicator
Adaptive Protection Indicator

TOTAL SENSITIVITY SCORE

*Formula for Structures (slightly different for bridges/transportation)

EXPOSURE SCORE

SENSITIVITY SCORE

TOTAL VULNERABILITY SCORE



VULNERABILITY RESULTS & MAPS

FIIS Transportation 
Vulnerability

FIIS Structures 
Vulnerability

West 
Entrance 
Comfort & 
Pavilion

Lighthouse

Boat House
Store, Oil, 
Tool House

Annex, Garage, Check 
Station, Comfort

Lighthouse Area

https://nps.maps.arcgis.com/apps/webappviewer/index.html?id=9eddd6558099412ca5d446862ab7ff74

Fresnel Lens

https://nps.maps.arcgis.com/apps/webappviewer/index.html?id=9eddd6558099412ca5d446862ab7ff74


DRAFT STATISTICS



✓ Taking adaptation actions can reduce an asset’s exposure and/or sensitivity, 
which in turn, lowers its overall vulnerability. 

ADAPTATION ACTION ASSET TYPE EFFECT ON VULNERABILITY & RATIONALE

 ELEVATE
Structures & 

Transportation 

Reduces the sensitivity of the asset; elevating an asset (pilings or artificial fill) reduces the risk of 

flood damage.

 RELOCATE
Structures &

Transportation

Reduces the exposure of the asset; relocating the asset to a lower risk area reduces the likelihood 

that it will experience impacts from coastal hazards/SLR.

 PROTECT/ENGINEER
Structures &

Transportation

Reduces the exposure and/or sensitivity of the asset; protecting the asset by an engineered 

structure (e.g., seawalls) or landscape modifications (e.g., drainage, nourishment, restoration) can 

reduce the likelihood that the asset will experience, or obtain damage from, coastal hazards/SLR.



DECOMMISSION &

REMOVE

Structures &

Transportation
Eliminates the vulnerable asset



STORM-RESISTANT

REDESIGN

Structures &

Transportation

Reduces the sensitivity of the asset; redesigning the asset to be more storm-resistant can reduce 

the likelihood of damage from coastal hazards/SLR.

 ENGINEERING DOWNGRADE Transportation

Reduces the sensitivity of the asset; downgrading the amount of engineering (i.e., replacing paved 

parking lot with shell material lot) can reduce the cost of rebuilding after damage and give more 

flexibility for replacement.  

ADAPTATION STRATEGIES



FINAL PRODUCTS



Application

• It’s not just where the water will be, but what 
happens when it gets there.

• Provides details at the asset level embedded within 
existing asset-management database

• These data are being used in multiple ways: 

– Short-term planning, spending, maintenance

– Post-storm rebuilding

– Long-term planning for cultural resources (e.g. Portsmouth 
Village, Cape Lookout, NS)



Benefits

• Clear, science-base guidance for the allocation of 
limited funding for maintenance, improvement, and 
rebuilding of park infrastructure.

• Data to support the funding of adaptation/resilience 
projects for infrastructure and historic structures that 
are mission critical.

• The best way to protect natural resources in coastal 
parks is to make very wise decisions about your 
infrastructure.







Questions?

• PSDS Team:
– Andy Coburn, Associate Director

– Blair Tormey, Coastal Research Scientist

– Katie Peak, Coastal Research Scientist

– Holli Thompson. Program Manager

– Rob Young, Director
• Follow me on LinkedIn

• Follow us on FB: https://www.facebook.com/WCUPSDS/ 

• Contact me at ryoung@wcu.edu


