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WCU PSDS: Who we are

 Formed at Duke University in 1985; joint venture with WCU in 2006

 Communicate science & policy to decision-makers at all levels

 Focuses: coastal processes, natural hazards, climate change, 
restoration, vulnerability

 Examines the scientific basis for managing developed shorelines 



Mission

• PSDS serves as a nexus between coastal science and policy.  PSDS  
seeks grant funding to apply 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.



PSDS work with NPS

 Wetland location & evolution in GRSM (2002-2004)

 Climate history from bogs in BR Parkway (2004-2006)

 Geologic Monitoring Manual (2009)

 Channel Island N.P. wetland restoration (2006)

 Elwha River restoration project at OLYM (2011-2015)

 Mapping coastal engineering structures (2010)

 GPR survey of FOSU grounds (2012)

 CUIS marine resources VA (2016)

 NPS assets exposed to 1m SLR (2015-2020)

 GPR survey of African American cemeteries in GRSM (2021)

 YELL natural hazard VA prototype (2018-2020)

 Coastal Hazards & SLR Asset VA protocol development (2014-2015)

 Coastal VAs - almost 40 units complete, all SER/SAG (2015-present)



PSDS VAs Outside NPS

 Coastal hazards infrastructure VA: Town of Duck, NC 
 Flood hazard exposure mapping: Horry County, SC
 Exposure & beach shoreline management study: NTB, NC
 Desalinization plant exposure analysis: Huntington Beach, CA
 VA of Dominion Energy coal waste disposal sites: Chesapeake, VA
 SELC exposure analysis: Virginia Beach, VA
 Exposure analysis for marsh migration study: Martha's Vineyard, MA



 Integrated Park Improvement: BISC, JELA, & PAIS 
 Infrastructure VA data to URI (COLO, FIIS, FOPU, TIMU-FOCA, GEWA)
 NCSU + USGS Opti-Pres model for decision-making of historic 

buildings: CALO & GUIS
 CALO campground site exposure & selection
 Collaboration with Quinn Evans Architects: LINC, CAHA, EVER
 Alaska LRTP risk assessment workshop
 VA of Discovery Bay & Port Royal Marine Labs, Jamaica
 Stabilization project evaluation for Kalaloch, OLYM

VA Result Uses for NPS

CALO CG Site Selection



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



 Not part of vulnerability formula/score
 Adaptive actions taken for assets help reduce exposure 

and/or sensitivityAdaptive Capacity

 Vulnerability is best calculated for infrastructure as a combination of exposure & sensitivity.

Exposure - whether an asset is located in an area that 
experiences the hazard or impacts of climate change.

Sensitivity - how an asset will fare when exposed to a natural 
hazard or climate change stressor (amount of damage). 

VULNERABILITY EXPOSURE SENSITIVITY

WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

Exposure Indicator Data Sources 

Flooding Potential
1% annual flood chance ± velocity/waves

FEMA Flood Zones; LiDAR/DEM

Extreme Event Flooding
storm surge, tsunami, extreme high water

NPS-specific/NOAA SLOSH model; 
tsunami models; high water data

SLR Inundation
2050 projection

NPS-specific/NOAA SLR modeling; 
LiDAR/DEM

Shoreline Change
erosion, coastal proximity, cliff retreat

State/USGS erosion rate buffers; 
cliff retreat/shoreline proximity 
buffers

Reported Coastal Hazards
historic flooding, visible slope instability

Park surveys/questionnaire results; 
storm imagery & reconnaissance

Sensitivity Indicator Data Sources

Flood Damage 
Potential 

Site visits, threshold elevation data, 
questionnaire & discussions with park staff

Storm Resistance & 
Condition

Questionnaire & discussions with park staff; 
FMSS 

Historical Damage Questionnaire & discussions with park staff,
park documents/report, imagery

Protective 
Engineering

Questionnaire & discussions with park staff,
site visits, aerial imagery 

Exposure +                Sensitivity =           Vulnerability 



Data Source: NPS CCRP

EXTREME EVENT FLOODING INDICATOR DATA

Data: 
Storm Surge Cat 3 SLOSH Model

Lighthouse

HQ

Maintenance

Ferry



SENSITIVITY INFORMATION – PARK QUESTIONNAIRE



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

EVER – Example Exposure Results 



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

OBX – Example Sensitivity Results + FFE 



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

CALO – Example Vulnerability Results



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

SAJU– Example Vulnerability Results 



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

VIIS Example Vulnerability Results 

Cruz Bay



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

VIIS Example Results CASA-FOMA Example Vulnerability Results



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

CUIS 
Example
Vulnerability
Results 



WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

OBX Example Vulnerability
Results – Google Earth 







WCU Coastal Hazards & SLR Asset Vulnerability Assessment Protocol

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

Adaptation Action Effect on Vulnerability & Rationale

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

Relocate
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
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 Eliminates the vulnerable asset

Storm-Resistant Redesign 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 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.  



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.
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