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ERDC Modeling Support for 
Hurricane Sandy 

 CSTORM-MS Description 
 Pre-landfall  

► Surge and flood modeling estimates 
 Post-landfall 

► Questions about flooding of the Brooklyn-Battery 
Tunnel 

► Nor'easter Modeling 
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ERDC’s Coastal Storm-Modeling System 
 (ERDC CSTORM-MS) 

Next Generation Workflow 

Not just 
hurricanes and 
not just in the 
Gulf of Mexico. 

Expandable and 
upgradeable system. 

Application of high-resolution, highly skilled numerical models in 
a tightly integrated modeling system with user friendly interfaces 

Provides for a robust, standardized approach to establishing the risk 
of coastal communities to future occurrences of storm events. 
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ERDC’s Coastal Storm Modeling System provides for a robust, standardized approach to establishing the risk of coastal communities to storm events.  It is the application of high-resolution, highly skilled numerical models in a tightly integrated modeling system with user friendly interfaces (SMS – Surface Water Modeling System).  Spiral 1 contains the following models, Planetary Boundary Layer Model, WAM – for deep water waves, and a tightly two way coupled ADCIRC + STWAVE.  Each model can be configured and run independently.  WAM is presently used mainly to provide boundary conditions to the near shore wave model STWAVE.

The system is physics based and is not solely intended for use on hurricanes, it is equally applicable to other kinds of storm events like nor’easters or just normal day-to-day conditions.  The system is designed to be relocatable to your area of interest.  It is also designed to be expandable, for example bed morphology is being incorporated now.
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SMS GUI’s 

• New GUI for Project Overview 

• New GUI for MORPHOS PBL Cyclone Model 

• New GUI for CSTORM Coupled Models 

• Updated GUI for AdH 

• New GUI for WAM Wave Model 

•Updated GUI for STWAVE 

• Updated GUI for ADCIRC 

Through the SMS GUI’s users can setup and 
execute models as well as visualize model results. 
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CHL’s Modeling Efforts 
 On Saturday Oct. 27, 2012, ERDC CHL was asked by the New York 

District (NAN) through the UROC to provide estimates to potential 
flooding in the New York City area before 1200 EDT on Monday 
October, 29, 2012. 

 Provide potential coastal storm surge estimates using the 
hydrodynamic model ADCIRC 

 Provide potential inland flooding estimates using the overland flow 
model GSSHA 

Advisory 20 from Saturday at 0500 EDT  
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ADCIRC Coastal Circulation and Storm Surge Model 

•  An unstructured finite 
element hydrodynamics 
model   

•  2D and 3D simulations 

•  Wetting/Drying algorithm 
allows for storm surge 
inundation over previously dry 
land 

•  Highly portable code 

•  A part of ERDC’s Coastal 
Storm Modeling System 

http://adcirc.org  

Surge Modeling for Sandy 
• Used two meshes 

• EC2001FIMP Grid  
• FEMA Region 2 Grid 

• Used tidal forcing and the imbedded asymmetric 
vortex Holland wind/pressure model 
• Wind model inputs derived from the NHC 
forecast using the ASGS 
• Advisories 22 – 31 were simulated 
• Advisory 26 results sent to NAN. 

EC2001FIMP Grid  FEMA Region 2 Grid 
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ADCIRC is an unstructured finite element model for simulating 2D and 3D shallow water flows and includes a robust wetting and drying algorithm that lets it capture storm surge inundation over previously dry land.  (ADCIRC and ADH both solve variants of the Shallow Water Equations for circulation velocity and sea surface elevations.)  ADCIRC is a part of ERDC’S Coastal Storm Modeling System that among other things allows for coupling between circulation and wave models and a user friendly graphical user interface (GUI).  

For the Hurricane Sandy effort, CHL used two different ADCIRC meshes that have a high degree of resolution in the NY/NJ area.  This first is a grid called EC2001FIMP which is a single grid made from two existing meshes, the EC2001 grid that was used for creating the East Coast tidal database and the FIMP grid (Fire Island to Montauk Point) that was used in the FIMP study by NAN and has very high resolution in the Long Island area of NY.  The second grid is a grid used the FEMA’s region 2 for there flood map update studies.  It has high resolution and includes land in the New Jersey area, much more so than the EC2001FIMP grid.  While it also has high resolution in the Long Island area, it is less resolved in that area than the EC2001FIMP.  

Both ADCIRC meshes were used to complete simulations of potential surge beginning with NHC advisory 22 and continuing through advisory 31.  Both grids were run at the same time using ERDC’s DSRC resources.  A five day simulation took about 1 and a half hours to complete.

All simulations included tidal forcing conditions which are very important to include in the northern Atlantic as tidal ranges are much more significant there than say in the Gulf of Mexico.  In addition to tides, the primary forcing for the model was winds and pressures.  The winds and pressures were computed using an embedded assymetric Holland vortex model within ADCIRC.  The inputs to the Holland model (storm track, radius of maximum winds, minimum central pressure, etc…) were derived from forecasts issued by the NHC using the ASGS (ADCIRC Surge Guidance System) in collaboration with it’s creators Dr. Jason Fleming and Dr. Rich Luettich.  

Results from Advisory 26 were used to provide additional inputs to the GSSHA model (described in a few slides) that provides estimates to overland flow flooding from rain fall, stream flows, and coastal surges.  The ADCIRC and GSSHA results for Advisory 26 were passed to NAN at the requested time of noon New York local time on Monday October 29, 2012.

http://adcirc.org/�
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Mesh Details 
Colors Represent Element Size in Meters 
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92 percent of all nodes in this mesh are in the area of interest.
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Disclaimer 
 The study presented has been performed using 

the best information available at the time. 
 Actual conditions during a flood event may vary 

from those assumed. The limits of flooding 
described should only be used as a guideline for 
planning purposes.  Actual areas of inundation 
will depend on specific flooding conditions and 
may differ from the areas portrayed. 

 For internal use only.  Use with sensitivity.  Not 
to conflict with official National Weather Service 
forecast."  
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Max Elevation (ft MSL) 

EC2001FIMP Grid 

Advisory 26 

Advisory 29 
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This slide shows contour plots from ADCIRC’s maximum sea surface elevation computations in the New York area for Advisories 26 and 29.  Results are presented relative to Mean Sea Level (MSL) which is the vertical datum used in the grids.  

The results from Advisory 26 for ADCIRC and GSSHA were sent forward to NAN in order to meet the deadline.  GSSHA uses results from ADCIRC as a forcing function and those must run after the ADCIRC model finishes.  The storm information in Advisory 26 turned out not to be as accurate as earlier nor later Advisories.  In particular it had Sandy being a little weaker storm and making landfall several hours later than what actually occurred.  The later landfall time is especially important because it has landfall out of synch with the high tides for the Battery and other inner harbor areas, thus producing lower total water elevations.

The results from Advisory 29 for ADCIRC are shown to illustrate the impact of a better meteorological forecast data.  Notice the 2-6 feet higher surges in the back bays.
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The Battery, NY Elevation (ft MSL) 

EC2001FIMP Grid 

UTC Time 

Advisory 26 

Advisory 29 

Datum Conversions at this Location 
MSL to NAVD88 subtract 0.21 ft 
MSL to MLLW add 2.57 ft 

UTC Time 

UTC Time 
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This slide shows time series plots from ADCIRC’s sea surface elevation computations at the NOAA gauge at the Battery in New York for Advisories 26 and 29.  Results are presented relative to Mean Sea Level (MSL) which is the vertical datum used in the grids.  The green lines represent ADCIRC computed results, the blue lines are normal tidal values as predicted by NOAA and the red lines are the measured values at the gauge.  Notice the red lines drop to zero because that represents the end of the measured data, i.e. present time when the image was made.

The results from Advisory 26 for ADCIRC and GSSHA were sent forward to NAN in order to meet the deadline.  GSSHA uses results from ADCIRC as a forcing function and those must run after the ADCIRC model finishes.  The storm information in Advisory 26 turned out not to be as accurate as earlier nor later Advisories.  In particular it had Sandy being a little weaker storm and making landfall several hours later than what actually occurred.  The later landfall time is especially important because it has landfall out of synch with the high tides for the Battery and other inner harbor areas, thus producing lower total water elevations.

The results from Advisory 29 for ADCIRC are shown to illustrate the impact of a better meterological forecast data.  Notice the 2-6 feet higher surges in the back bays.
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Comparison of Hurricane Sandy Water 
Elevations (ft MSL) at the NOAA Gauge at 

the Battery, NY 

Datum Conversions at this Location 
MSL to NAVD88 subtract 0.21 ft 
MSL to MLLW add 2.57 ft 

UTC Time 
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The winds and pressures that were generated by the model have a limited range of coverage around the center of the storm.  The accuracy of the winds/pressures fall off the further from the storm center a location is. We believe that limited range of the wind field is why we are missing the slow rise in water levels prior to land fall.  Comparisons to several NOAA stations in the area, confirm that the wind speeds computed by ADCIRC are too low leading up to landfall, particularly from Oct. 27, 2012 1200 hours through Oct. 29, 2012 around 0600 hours UTC.
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GSSHA New York Models 

 GSSHA is a gridded, physics-
based full hydrology model 
► Overland flow, stream flow, 

groundwater, vadose zone, storm 
and tile drains, wetlands, erosion, 
constituent transport 

 GSSHA 2D Overland Flow 
Model used to predict inland 
flood inundation 
► Use time-varying specified head 

condition for storm surge 
 2 Models: 

► Central NY Model @75m (right) 
► Long Island Model @150m 

 Rainfall estimated from NWS 
plots 

 Storm surge from ADCIRC 
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GSSHA Results from Advisory 26 
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Presentation Notes
This is a contour plot showing maximum potential flooding estimates in the New York area as computed by the GSSHA model using information from Advisory 26.
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GSSHA Results from Advisory 26 
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Presentation Notes
This is a contour plot showing maximum potential flooding estimates in the lower Manhattan area as computed by the GSSHA model using information from Advisory 26.
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Post-Sandy 
 Questions about flooding of the Brooklyn- 

Battery Tunnel 
 Nor'easter Modeling 
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The next few slides show ERDC’s responses Post-Sandy.
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      Location 
of Tunnel 
Entrance/Exit 

ADCIRC Total Water 
Depth (feet MSL) 

Total Water 
Depth (ft MSL) 

Results from ADCIRC, using the 
FEMA Region 2 Mesh and NWS 
Forecast Winds from Advisory 31 
of Hurricane Sandy. 

Datum Conversions at this Location 
MSL to NAVD88 subtract 0.21 ft 
MSL to MLLW add 2.57 ft 
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Here is what we have from the ADCIRC simulation.  These results are from the FEMA Region II mesh which is relative to MSL and using the NWS advisory 31 to produce the winds/pressures. No waves, just tides and surge.
 
In the immediate vicinity of both the Manhattan and Brooklyn entrances to the Brooklyn-Battery Tunnel, the maximum water elevation relative to MSL was about 11.1 feet, which is about 10.9 feet relative to NAVD88 and 13.67 feet relative to MLLW.  From the ground elevation we have this is indicative of flooding from both directions.
 
However, the ADCIRC results are very close to the wet/dry interface and topo/bathy values in the mesh are not entirely sufficient to draw hard and fast conclusions.  The ADCIRC mesh is not designed for resolving details at this scale.  The water surface elevation values provided above can be used in conjunction with a detailed elevation data source and knowing where any emergency protective features would be placed.
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Coastal Storm Database Statistical Products 
 

 
 

Return Period Estimates for 
Sandy (CSTORM-DB ) 

• Storm screening using peaks-over-threshold 
• Extremal analysis 
• MLM fit with generalized Pareto distribution 
• Quantile-Quantile optimization 
• Standard products updated annually and 
      following major storms 

 
Water level return periods were requested by NAN and 
subsequently supplied to NAN and other NE Atlantic 
divisions following Hurricane Sandy. 

Sandy 

Sandy 

Sandy 
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1. Open Circles = empirical distribution    Closed Solid Circles = parametric distribution   (1:1 correspondence between open and closed)
2. MLM = Maximum Likelihood Method
3. MLM fit with generalized Pareto distribution is a 3 parameter method that encompasses many 2 parameter models such as
4. Quantile-Quantile optimization – puts a limit on the high frequency occurrences in order to better represent the low frequency events at the ends of the curve
5. All the areas on the open NJ coast were in the 50 year return period.  The Battery and areas like Kings Point which are up in the bight had the hundreds of years return period due to focusing/funneling of the surge on top of a surge that was in phase with the high tide.  The NJ open coast was slightly out of phase with the high tide.
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ADCIRC Surge Modeling 
• Used two ADCIRC meshes 

• EC2001FIMP Grid  
• FEMA Region 2 Grid 

• Used tidal forcing and NAM wind fields 
• In collaboration with the ASGS team, used 
winds derived from the North American 
Mesoscale Forecast System (NAM) which is 
part of the NWS’s NCEP.  
• Two forecast wind sets 2012/11/06 00Z and 
2012/11/07 12Z 
•2012/11/07 12Z results sent forward 

Surge/Flood Modeling for the 
Nor’easter Following Sandy 

Longitude 
(deg) 

Latitude 
(deg) Location Name 

Maximum 
Water 

Elevation 
(ft MSL) 

-73.8439 40.5728 Rockaway, NY 4.6176 

-74.1449 40.5313 South Staten Island NY 5.0079 

-74.1786 40.4464 Union Beach, NJ 5.2931 

-73.9642 40.3503 Sea Bright, NJ 4.8505 

-74.0161 40.1278 Manasquan, NJ 4.9942 

-74.0359 40.0461 Mantoloking, NJ 5.0448 

-74.0624 39.9261 Seaside Park, NJ 5.1055 

-74.1778 39.6318 Long Beach Island, NJ 4.8897 

-74.4183 39.355 Atlantic City, NJ 4.4804 

Maximum Storm Surge Predicted 
Values at Requested Locations 
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NCEP = National Centers for Environmental Prediction

CHL was asked to provide estimates to potential surge levels for the Nor’easter that followed on the heals of Hurricane Sandy for the New Jersey and New York areas.  The same meshes used for the hurricane Sandy estimates were again used.  Instead of using a vortex model to generate the wind/pressure fields, wind fields derived from the North American Mesoscale Forecast System (NAM) were used.  Two different forecast periods were run with the second later set being sent forward to NAN.  NAN requested surge levels be reported at several specific locations which are summarized in the table.



Innovative solutions for a safer, better world BUILDING STRONG® 

Nor’easter Surge Estimates 
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Presentation Notes
This image is a contour plot of ADCIRC’s maximum sea surface level estimates for the Nor’easter using NAM forecast from 11/7/2012 1200 UTC.  
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Breezy Point / Rockaway, NY 

Inland Flood Model Results (Nor’easter) 
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Presentation Notes
This image is a contour plot showing maximum potential inland flooding as computed by the GSSHA model, using the Advisory information from 11/7/2012 1200 UTC.
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CSTORM-MS 
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Next Generation Workflow 

• Expandable 
 
• Upgradeable 

• Multi-Scale 
 
• Multi-platform  
     PC to HPC 

• More than Hurricanes 
 
• Relocatable to your area 

Thank You. 

Spiral 2 
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Summary Slide
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