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STORM SURGE PREDICTIONS

• HURRICANE IRENE (2011) 

• 48 DEATHS

• MOVED OVER COASTAL NC AND

OFFSHORE VA

• MOST COSTLY CATEGORY 1 STORM

• $15.8 BILLION (2011 USD)

• MOSTLY DUE TO INLAND

FLOODING

• MAX STORM SURGE (OREGON

INLET, NC.)

• 2.16M (7.09FT) 

Path of Hurricane Irene

Inland Flooding from 

Hurricane Irene in Norfolk, VA
https://www.climatecentral.org/news/hurricane-irene-ranked-most-costly-category-1-storm
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STORM SURGE PREDICTIONS

Southeast Virginia

(Regional Domain)

Willoughby Bay

(Local Domain)

Mid-Atlantic Basin 

(Global Domain)
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STORM SURGE PREDICTIONS

Marshes of 
Virginia

Chesapeake Bay

Atlantic Ocean

Intercostal 
Waterways

Barrier Islands

Bay Inlet

Tributary Canal 
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STORM SURGE PREDICTIONS AT HYPERLOCAL SITES

• NORFOLK NAVAL STATION (NNS)

• MID CONTINENTAL SHELF

• LAND SUBSIDENCE (SETTLING)

• BULKHEADS

• NARROW CHANNELS
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Norfolk Naval Station

Example of Hyperlocal Sites



STORM SURGE PREDICTIONS AT HYPERLOCAL SITES

• LARGER PROJECT

• “COMPARATIVE ASSESSMENT OF TOTAL WATER LEVELS FOR COASTAL MILITARY FACILITY READINESS AND 
RESILIENCE USING NUMERICAL MODELS”

• ESTCP/DOD – UNDERSTAND THE POTENTIAL RISK TO MILITARY INSTALLATIONS, COASTLINES AND INFRASTRUCTURE. 

• 3 MILITARY INSTALLATIONS

• OTHER EFFORTS USE A MODELING FRAMEWORK

• PROPOSE A MODELING FRAMEWORK FROM TESTING A RANGE OF MODELS
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Model Name
Coupled 

Component
How Forced Basic Functions

Class I: Empirical/ Probabilistic 

Empirical Equations N/A Wave/ Meteorological 

Parameters

Storm Surge, Run-up 

Class II: Process-based, statistical waves

ADCIRC SWAN Wind, Water Level Tide, Storm Surge, Wave Setup

Delft3D SWAN Wind, Water Level, Waves Tide, Storm Surge, Wave Setup

NearCoM SWAN,

Morphology

Wind, Water Level, Waves Tide, Storm Surge, Wave Setup

Class III: Process-based, wave resolving

CSHORE Stationary wave 

model, 

Morphology

Wind, water level, waves Wave setup, overtopping, 

morphological change

FUNWAVE Morphology Wind, Water Level, Waves Phase-resolving waves, wave 

setup, overtopping, IG 

X-Beach Stationary wave 

model, 

Morphology

Wind, water level, waves Tide, storm surge, wave setup, IG, 

wave runup, {morphological 

change}

STORM SURGE PREDICTIONS AT HYPERLOCAL SITES
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• ADCIRC + SWAN

• USES FINITE ELEMENT UNSTRUCTURED GRIDS

• BASED ON NON-LINEAR SHALLOW WATER EQUATIONS

• RESOLVES TIDES, SURGES AND BASED ON STATISTICAL

WAVE CONDITIONS

• USED SUCCESSFULLY FOR PREDICTIONS:

• PRODUCES OUTPUTS FOR OTHER MODELS AND REAL-TIME

FORECASTS (NOAA, DHS) 

• DESIGN OF PROTECTION SYSTEMS (USACE) 

STORM SURGE PREDICTIONS AT HYPERLOCAL SITES 

Preliminary Results
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STORM SURGE PREDICTIONS AT HYPERLOCAL SITES: 

Preliminary Results

Off-The-Shelf Mesh 

Low Resolution Mesh at NNS

US Coastline

10m Floodplain
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STORM SURGE PREDICTIONS AT HYPERLOCAL SITES: 

Preliminary Results

Willoughby Bay 

With Coarse Mesh

(300m Min. Resolution)

Willoughby Bay 

With Water Levels Shown 

Chesapeake Bay 

With Water 

Levels Shown 
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STORM SURGE PREDICTIONS AT HYPERLOCAL SITES: 

On-going Work 
• 3  STAGED DEM

• SRTM AT 500M

• NESTED 30M DEM ADDS

ADDITIONAL RESOLUTION TO NC, 
VA, AND MD. 

• SMALLER 10M DEM ADDS

RESOLUTION TO THE NNS AND

SURROUNDING CHESAPEAKE BAY

Shuttle Radar Topography Mission (SRTM) DEM (500m)

Continuously Updated 

DEM (10m and 30m)

2016 CCAP

Land Use & 

Land Cover 

(30m)
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STORM SURGE PREDICTIONS AT HYPERLOCAL SITES: 

On-going Work 

OFF-THE-SHELF MODEL CURRENT WORKING MODEL
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STORM SURGE PREDICTIONS AT HYPERLOCAL SITES: 

Conclusions & Future Work 

• OBSERVATIONS VALIDATE RESULTS FROM OFF BASE MODEL

• CURRENT MODEL NEEDS REFINEMENT TO FOCUS ON NNS

• FURTHER SIMULATIONS NEEDED FOR HURRICANE IRENE WITH CURRENT MODEL

• RUN OTHER STORM TRACKS AND SLR SCENARIOS AT NNS 

• SHARING FINDINGS IN LARGER PROJECT

• ADVISE OTHER COASTAL FLOODING MODELS
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