
18-May-15

1

Recent Advancement on Storm Surge and 
Street-level Inundation Modeling  

Harry V. Wang, Derek Loftis, Zhou Liu, *Jay Titlow
David Forrest, and Joseph Zhang

Department of Physical Sciences,    *Weather Flows Inc.
Virginia Institute of Marine Science 790 Poquoson Ave. 
Gloucester Point, VA 23062 Poquoson, VA 23662
hvwang@vims.edu 757-868-5362

South Association of Marine Laboratories, May 5, 2015

Outline

• The storm tide and street-level inundation modeling 
during recent event of Hurricane Sandy 

• The storm tide and inundation modeling during 2003 
Hurricane Isabel in the Potomac River of the 
Chesapeake Bay 

• The reconstruction of historical 1936 Potomac River 
Great flood in Washington, D.C.



18-May-15

2

I. Hurricane Sandy 

Motivation

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=w6hFUirz6IxFhM&tbnid=wkuROa8kGFLlBM:&ved=0CAUQjRw&url=http://www.huffingtonpost.com/2012/10/30/hurricane-sandy-cost-losses-history_n_2043930.html&ei=E3h5UpWjF4mEjAK92IHQAw&bvm=bv.55980276,d.cGE&psig=AFQjCNE1lrCBi3nKtD5smVxJ6heDHfW_-Q&ust=1383778512745963
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=w6hFUirz6IxFhM&tbnid=wkuROa8kGFLlBM:&ved=0CAUQjRw&url=http://www.huffingtonpost.com/2012/10/30/hurricane-sandy-cost-losses-history_n_2043930.html&ei=E3h5UpWjF4mEjAK92IHQAw&bvm=bv.55980276,d.cGE&psig=AFQjCNE1lrCBi3nKtD5smVxJ6heDHfW_-Q&ust=1383778512745963
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From: Blake, Eric,  et al. (2013):  
Tropical Cyclone Report: Hurricane 
Sandy,  National Hurricane Center,  

Figure 31:  Model 
forecast tracks for 
Sandy at 0000 UTC 23 
October (a), 000 UTC 24 
October (b), 000 UTC 
October 25 (c), and 000 
UTC 26 October, (d).

The ECMWF is in coral,  
the GFS ensemble in 
yellow, the GFS in cyan, 
and the TVCA model 
consensus is in red 

Tidal open boundary 
condition about 1500 km 
offshore

NOAA tidal gauge stations 
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Kings_Point_NY

Friction formulation 
using Manning 
coefficient

Manning n = 0.025 
everywhere except

(1) New York Harbor 
n=0.010 

(2) East and Harlem 
Rivers 
n= 0.045

y = 0.9713x + 0.1507
R² = 0.9305
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y = 0.9121x + 0.2459
R² = 0.9557
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Additional street-level modeling Inundation 

• Open Boundary Forcing from NOAA Stations 
– West Boundary: Bergen Point, NY NOAA Station #8519483
– East Boundary: Kings Point, NY NOAA Station #8516945
– South Boundary: near Sandy Hook, NJ NOAA Station #8531680

• Flux Boundary Forcing from USGS Station
– North Boundary: Hudson River near Wappinger Falls 

USGS Station #01372500

• Model Setup for 10 days from 00:00, 10/25/2012 to 00:00, 
11/04/2012

• Atmospheric pressure and wind data retrieved from Bergen 
Point, NY, at NOAA Station #8519483 

• CPU time: 240 time of real time on Dell Precision T-3500 
with Intel Xeon W3670; Windows 7, 64-bit OS; 24 GB RAM
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South Manhattan Island (zoom)

New York City Sub-Grid
High-Resolution Domain
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South Manhattan Island

New York City Sub-Grid
High-Resolution Domain

Base-Grid Nodes:      9,946
Base-Grid Cells:         9,663
Sub-Grid Cells:   3,865,200
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Model Result

y = 0.8973x
R² = 0.9816
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y = 1.0079x
R² = 0.9936
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y = 0.9715x
R² = 0.9939
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USGS Rapid Deployment Gauge Comparison

USGS Rapid Deployment Gauge Comparison
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USGS Rapid Deployment Gauge Comparison
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3D Animations 
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II. Hurricane Isabel in the Potomac River

Figure 1: Potomac River, the largest tributary of Chesapeake 
Bay. Left: The model domain (shaded) and observation 
stations used for the study.  Right: Washing DC in the Upper 
Potomac River.
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Source: Water Quality Studies in the Vicinity of the Washington Aqueduct. 2001. 

U.S. Army Corps of Engineers Report. 

EA Bathymetry
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Bathymetry ~30m res

LiDAR ~10m res
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Table 1: Statistical comparison of modeled 

time series versus observations during 

Hurricane Isabel

 

Statistic Wisconsin Ave. Washington, D.C. 

R² 0.9346 0.9792 

RMS  14.3 cm 7.3 cm 

MAE 11.4 cm 4.8 cm 

Peak Difference 9.2 cm 2.4 cm 

 

Statistic With Sub-grid Without Sub-grid

R² 0.9814 0.7683

RMS 5.8 cm 41.0 cm

MAE 3.7 cm 36.0 cm

Peak Difference 2.9 cm 23.8 cm

Table 2: Statistical comparison of 

modeled time series results with 

and without a 10 m sub-grid at 

Washington, D.C. during the 

1936 Potomac River Flood
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III. Washington DC Floods
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Figure 8: Time series plots comparing 

between observed water level heights 

at Washington, D.C. (top), with model 

results from simulations using a 10 m x 

10 m sub-grids (red and without sub-

grid embedded(gray dashed line)  

during the 1936 Potomac River Flood. 

River discharge from Little Falls, MD, is 

superposed in green for reference. 

There is no observation record during 

the event at Wisconsin Avenue 

(bottom). 

Figure 9: Visualization of the 

velocity vectors and water 

level (background color) from 

sub-grid model-simulation 

results for the Washington, 

DC, metropolitan area during 

1936 Great Flood. The 

shoreline is shown 

superposed in black. It is 

revealed that at the height of 

the flooding, the river bank 

north of Potomac Park near 

DC was pinched through by a 

large (>2.7 m/s) velocities 

deflected from the Roosevelt 

Island and subsequently 

flooded the downtown area.
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Figure 10: Modeled maximum inundation extent for the Greater Washington, D.C. area (left) and surveyed downtown D.C. flood area (right) during the 1936 

Potomac River Flood.

Figure 11: Spatial comparison of inundation at the Washington Naval Shipyard, showing sub-grid modeled results (left) and photographic archived image (right) during 

the 1936 Potomac River Flood.

3D Animations 
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Summary 

1. The storm tide model that covers the domain of entire US 
East Coast can be executed efficiently, reliably, accurately 
with moderate computing resources.

2. The high resolution, sub-grid model using nonlinear 
solver, which directly incorporating LIDAR data into model 
proved to be capable of simulating street-level inundation 
robustly and accurately as demonstrated by the three   
applications presented today.

3.  Going forward, future enhancements include the effects
of  precipitation, infiltration, urban storm water drainage, 
and coupling with sea level rise scenario.   


