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Presenter
Presentation Notes
Thanks for the opportunity to present today on the Sandy-related work I’ve been involved with. Because I’m based in New York, the presentation is going to focus primarily on the experience there. And that’s reflected in the photos I’m showing here, which show an inundated parking garage in the Financial District of Lower Manhattan (on the lower left), and the devastation in the other New York City Borough of Staten Island (in the upper right).



Hurricane 
 Sandy 

Satellite loop from the University of Wisconsin, showing Hurricane  Sandy as it made landfall in New Jersey 

NASA 

Tropical storm-force wind 
field (shaded yellow) 
 
 
 
Extended nearly 1,000 
miles from the center of 
the storm 
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Presentation Notes
To get things started, I’d like to review a couple aspects of Sandy that help explain its remarkably potent effects. First, its northwesterly movement toward the New Jersey coast, which put the New York Bight—the funnel-shaped embayment between Long Island and New Jersey—to the immediate right of the storm’s counterclockwise center of circulation. Second, the extraordinary size of Sandy resulted in a tremendous fetch over which its wind field could generate surge. As the NASA visualization of Sandy’s wind field (in the upper left) shows, tropical storm-force winds extended nearly 1,000 miles outward from the center of the storm.



Temporary sensors (59) & high-water marks (>350) 

 

http://water.usgs.gov/floods/events/2012/sandy/sandymapper.html 
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So in anticipation of Sandy’s historic landfall, the USGS deployed 59 temporary sensors in New York alone. This included 40 storm-tide sensors, 11 barometric-pressure sensors, 4 wave-height sensors, and 4 rapid-deployment gages. And following the storm, the USGS flagged, documented, and surveyed over 350 high-water marks throughout southeastern New York and north along the Hudson River up to Albany.



Peak storm tides (astronomical tide + surge + waves) 

 

http://water.usgs.gov/floods/events/2012/sandy/sandymapper.html 
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This slide shows the peak storm-tide elevations from Sandy as indicated by the temporary sensors and high-water marks. These data show the highest storm tides (in red) occurred near the New York Bight apex—the innermost part of the Bight where the New Jersey and Long Island coasts converge.



FEMA Modeled Surge Area—from 11/11/12 USGS data 

 

http://water.usgs.gov/floods/events/2012/sandy/sandymapper.html 
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The data also allow inundation areas to be modeled and mapped, as is shown here (in blue). The FEMA modeled surge area displayed on this slide was actually developed on the fly—within a couple weeks of the storm—using USGS peak storm-tide elevations as they were uploaded to the mapper.



Network of existing and temporarily 
reactivated coastal gages 

∗ 17 tide gages, including 2 with weather stations 
∗ Documented gale- to storm-force winds lasting 12 

to 18 hours 
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Data from the temporary sensors and high-water marks tell only part of the story though. A network of 15 existing coastal gages, supplemented by 2 additional gages temporarily reactivated for Sandy, provide further perspective on storm impacts. Here we have an example of that from one of our weather stations, which shows wind gust speeds before, during, and after Sandy’s landfall. These winds ranged from gale to storm force, as indicated by the two uppermost horizontal lines on the graph shown, that lasted 12 to 18 hours.



South shore of New York City and 
western Long Island: widespread 
record coastal flooding 

 
∗ Exceeding the FEMA 100-year base flood elevations 
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More importantly, this network indicates the extent to which Sandy’s storm tide surpassed coastal-flood benchmarks established by the National Weather Service and FEMA, which are displayed as horizontal reference lines on the hydrographs for gages where these benchmarks have been determined. Based on data from gages along the south shore of New York City and western Long Island, these areas experienced widespread record coastal flooding. And this flooding exceeded the FEMA 100-year base flood elevations for these areas, as indicated by the uppermost horizontal reference line that is surpassed by the water level time series shown.



South shore of New York City and 
western Long Island: widespread 
record coastal flooding 

 
∗ Resulted from a peak storm surge of about 8 to 9 ft 

that generally coincided with normal high tide 
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The difference between the observed water level (shown here by the orange symbols) and the predicted, astronomical tide (shown by the blue line) also is calculated for many of these gages. When positive, this residual water level constitutes the storm surge, and is displayed here as closely-spaced green symbols. So this graph indicates that the widespread record coastal flooding along the south shore of New York City and western Long Island resulted from a peak storm surge of about 8 to 9 feet, that generally coincided with the time of normal high tide.



South shore & Peconic Estuary of 
eastern Long Island: localized record 
coastal flooding 

 
∗ Exceeding the FEMA 100-year stillwater elevations 
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Moving eastward, we see from gages along the south shore, and the Peconic Estuary situated between the North and South Forks of eastern Long Island, that these areas experienced localized record coastal flooding. Here, the flooding generally exceeded the FEMA 100-year stillwater elevations for these areas, as indicated by the uppermost horizontal reference line that is surpassed by the water level time series shown.



South shore & Peconic Estuary of 
eastern Long Island: localized record 
coastal flooding 
∗ From a surge of about 6 to 8 ft at normal high tide, 

although a peak surge of about 7 to 9 ft occurred 
near normal low tide in the Peconic Estuary 
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As for the storm surge, this graph indicates that the localized record coastal flooding along the south shore and Peconic Estuary of eastern Long Island resulted from a storm surge of about 6 to 8 feet at the time of normal high tide. That said, we did see a somewhat larger peak surge of about 7 to 9 feet that occurred during the time of normal low tide in the Peconic Estuary.



North shore of western Long Island: 
major coastal flooding 

∗ Exceeding the FEMA 10-year stillwater elevation 
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For the final area of the network shown today, we see from a gage along the north shore of western Long Island, that this area experienced major coastal flooding.  In this case, the flooding generally exceeded the FEMA 10-year stillwater elevation for the area, as indicated by the uppermost horizontal reference line that is surpassed by the water level time series shown.



North shore of western Long Island: 
major coastal flooding 

∗ Resulted from a surge of about 8 ft at normal high 
tide, although a peak surge of almost 12 ft occurred 
near normal low tide in western Long Island Sound 
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Nonetheless, we see that the major coastal flooding along the north shore of western Long Island resulted from a storm surge of about 8 feet at the time of normal high tide. However, this area apparently saw a peak surge of almost 12 feet that occurred during the time of normal low tide in western Long Island Sound. So the take home from the existing gage network is that geography and timing played critical roles in determining where the greatest storm-time impacts from Sandy were felt.



 
Fire Island National Seashore 
 
 
 
 
 
Barrier-island breach  
created by Hurricane Sandy 

Presenter
Presentation Notes
Hurricane Sandy created three open breaches in the barrier island system along the south shore of Long Island, two of which have subsequently been closed under New York’s Breach Contingency Plan. However, the third breach formed in Federal Wilderness at Fire Island National Seashore and as such has been allowed to remain open with monitoring. This monitoring has in part been done by the USGS, in cooperation with the National Park Service and New York District Corps of Engineers. The USGS work has initially focusing on two activities: measurement of water velocities and depths within the Wilderness breach, and collection of water levels within Great South Bay adjacent to the breach. The above images show before and after photos of the Wilderness breach (on the left), and pre- and post-Sandy LiDAR elevations (on the top and bottom) with the elevation change (in the middle).

http://coastal.er.usgs.gov/hurricanes/sandy/lidar/images/post_sandy_lidar_fire_isl_photo_pair3LG.jpg
http://coastal.er.usgs.gov/hurricanes/sandy/lidar/images/diff_sandy_lidar_fire_isl_photo_pair3LG.jpg
http://coastal.er.usgs.gov/hurricanes/sandy/lidar/images/pre_sandy_lidar_fire_isl_photo_pair3LG.jpg


November 6, 2012 

 

http://ny.water.usgs.gov/projects/hurr_sandy_2012/index2.html 
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And so on November 6 and again on November 20, 2012, the USGS collected data to evaluate channel geometry, water velocity, and discharge of the open breach in Federal Wilderness at Fire Island National Seashore. This work was done using an acoustic Doppler current profiler mounted to a remotely operated vessel (shown in the upper right photo), with data geo-referenced using Real Time Kinematic GPS mapping. Roughly 3 to 5 sections perpendicular to the channel axis were collected within the breach, with additional sections collected perpendicular to the flood tidal channel(s) and parallel and seaward of the former ocean shoreline, as conditions permit. Here we’re looking at velocity vectors and discharges for the outgoing tide survey collected about 2-3 hours before low tide along the ocean shore, superimposed on a digital elevation model of bathymetry from the November 6th surveys.



November 20, 2012 

 

http://ny.water.usgs.gov/projects/hurr_sandy_2012/index3.html 
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And here we’re looking at velocity vectors and discharges for the outgoing tide survey collected about 2-3 hours before low tide along the ocean shore, superimposed on a digital elevation model of bathymetry from the November 20th surveys. As can be seen in the data and photos, the portion of the breach able to be navigated by the ROV widened considerably during the two weeks separating the surveys. Although we haven’t been scheduled to do a return survey yet, the local university has collected some soundings which show the breach width and maximum depth have apparently stabilized.



For more information, contact: 

Chris Schubert 
schubert@usgs.gov 
U.S. Geological Survey 
N.Y. Water Science Center 
(631) 736-0783, -4283 fax 
http://ny.water.usgs.gov 

 
Thanks to more than 14 USGS  
science center offices, two USGS 
storm-surge coordination centers, 
and all our cooperators! 

http://ny.water.usgs.gov/projects/tidal/live_coast.html http://ny.water.usgs.gov/projects/hurr_sandy_2012/ http://ny.water.usgs.gov/ 
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So that’s the last of the material I have to present today. That said, I do want to plug the webpages for the USGS in New York, our work on the Wilderness breach, and network of existing coastal gages. And finally, I’d like to recognize and thank the Sandy efforts by more than 14 USGS science center offices, two USGS storm-surge coordination centers, and of course all our cooperators!

mailto:schubert@usgs.gov
http://ny.water.usgs.gov/
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