
IOOS Summit Special Session:  
Mid-Atlantic Responds to Hurricane Sandy 

Scott Glenn (+ Many) 



Hurricane Sandy Damage Statistics 
 
>113 U.S. Deaths (CNN) 
 
After Sandy:  8.6 Million Meters without Power (DoE) 
As of Sunday: 160,000 Meters without Power (DoE) 
FEMA Assistance: $1.5 B dedicated over the last 2 weeks.  
 
Damage Cost Estimate: $50 B - $60 B; 
Second costliest natural disaster in U.S. History (after Katrina) (NWS). 
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Mid-Atlantic  
Responds to 

Hurricane Sandy 
>40 PIs 
>20 Institutions 
>50 Members 
>2000 Contacts 
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MARACOOS Weather Network 

NDBC 
Backbone 
> 50 sites 

Regional Industry 
Enhancement 
> 100 sites 
 



Real-Time Satellite Ground Stations in the Northeast U.S. 

Rutgers 

Johns Hopkins 
U. Delaware 

City College of N.Y. 

U. Maine 

Satellites: NPP, Terra, Aqua, 
NOAA Polar Orbiters, Metop & 
GOES  



MARACOOS HF Radar Network 

Mid-Atlantic HF Radar Network 
16 Long-Range CODARs 
  7 Medium-Range CODARs 
17 Short-Range CODARs 
41 Total 
 
Triple Nested, Multistatic, Dual-Use 



MARACOOS Glider Network 

Satellite Ocean Color 

Satellite SST 
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Many Missions,	


Many Agencies	



RU01 RU15 RU29 
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IMPACT OF  
OCEAN OBSERVATIONS 
ON HURRICANE IRENE  
INTENSITY FORECASTS 

2011 



39.5N 73W Surface Current Time Series 
Total Current   Near-Inertial Current 

Wave & Wind Direction Time Series 

Hurricane Irene 

Eye crosses NJ mid-day on Aug 28  
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Post-Hurricane Irene Sea Surface Temperatures 

But when did the 6C - 8C Cooling occur? 
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Glider RU16 

Thermocline Depth 

Surface Temp 

Max S.D. w’ 

Max S.D. w’ Depth 

Glider, CODAR &  
Calculated Bottom Currents 

NDBC Waves 
Bottom Orbital Velocity 

NDBC Winds 

MARACOOS Network Observations: 
Hurricane Irene  



Hurricane Irene SST Sensitivity Hindcast 

Maximum  
Wind Speed  
Skill Score 

Official 
Forecast 

 

Warm SST 
Hindcast 

 

Warm SST +  
OML Model 

Hindcast 

Cold SST 
Hindcast 

 
RMS Error (knots) 9.43 7.13 7.09 3.61 

Global Warm SST Regional Cold SST 



First Warning of Potential 2012 Storm: 
Monday, Oct 22, 1-week prior to landfall 

Action: Prepare the network 





Hurricane Sandy: 5 Day Track Uncertainty Cone 





Sandy: 
2 days before 
landfall 



Sandy: 
2 days before 
landfall 



Sandy: 
1 day before 
landfall 



Sandy: 
1 day before 
landfall 



Sandy: 
morning before 
landfall 



Sandy: 
morning before 
landfall 



Sandy: 
morning before 
landfall 



Sandy: 
landfall 



Sandy: 
landfall 
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HF Radar Storm Damage 

HF Radar 
Shed floats 
0.85 km 
across barrier 
island & river  



Sea Surface Temperature Products  
used for Atmospheric Forecasts 

Oct 29, 2012 

Regional                   Global                          Difference 



Sea Surface Temperature Products  
used for Atmospheric Forecasts 

Nov 9, 2012 

Regional                   Global                          Difference 



Sea Surface Temperature Products  
used for Atmospheric Forecasts 

Nov 11, 2012 

Regional                   Global                          Difference 



RU23 Glider 
Deployment 



Shipping Lanes 



Bottom Sediment 



Glider RU23 Temperature Ribbon 



Glider RU23 Temperature and Salinity Section 



Glider RU23 Top & Bottom Temperature, Currents 



Glider RU23 Optical and Acoustic Backscatter 



Hurricane Sandy Track Forecasts & Hindcasts 



Warm SST Cold SST 
Switch 

Hurricane Sandy Hindcast:  SST Sensitivity 
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Hurricane Sandy Hindcast:  Intensity 



www.stevens.edu/SSWS 

New York Harbor Observing and Prediction System 

YY MM DD hh WD WSP D GST WVHT DPD APD MWD BAR ATMP WTMP
91 4 29 21 79 5.6 6.9 1.1 6.7 4.9 999 1022.6 8.9 8.6
91 4 29 22 90 3.5 4.3 1.2 5.9 5 999 1022.8 8.7 8.6
91 4 29 23 79 3.6 4.3 1.2 6.7 5.2 999 1022.1 8.7 8.6
91 4 30 0 75 3.4 4 1.1 6.7 5.2 999 1021.9 8.7 8.6
91 4 30 1 71 4.5 5.6 1 7.1 5.1 999 1022 8.9 8.6
91 4 30 2 76 4 4.6 1 7.1 5.1 999 1022.5 9 8.6
91 4 30 3 82 4 4.6 0.9 7.1 5.2 999 1021.9 8.9 8.6
91 4 30 4 82 4.8 5.5 0.8 6.7 5 999 1021.2 8.9 8.6
91 4 30 5 112 4.1 4.9 0.8 6.7 5.1 999 1020.4 9 8.6
91 4 30 6 111 2.6 3 0.8 6.2 5.1 999 1019.9 9 8.6
91 4 30 7 82 1.5 2 0.8 6.7 5.2 999 1019.6 9 8.6
91 4 30 8 48 2.8 3.3 0.9 7.1 5.3 999 1019.8 9 8.6
91 4 30 9 73 5.3 6.2 0.8 5.9 5.3 999 1019.1 8.7 8.6
91 4 30 10 93 3.4 4.1 0.8 7.1 5.3 999 1019.1 8.9 8.6
91 4 30 12 111 6.3 7 0.8 7.7 5.3 999 1017.3 9 8.6
91 4 30 13 113 5.7 6.7 0.8 6.7 5.1 999 1016.5 9.7 8.6
91 4 30 14 131 4.1 4.8 0.8 5.9 4.9 999 1015.9 9.7 8.6
91 4 30 15 123 1.6 1.9 0.8 6.2 5 999 1016.4 9.8 8.7
91 4 30 16 131 4.1 4.6 0.8 5.9 5.2 999 1015 10.3 8.7
91 4 30 17 132 4.9 5.5 0.8 7.7 5.3 999 1014.4 10.9 8.7
91 4 30 18 170 3.9 4.4 0.8 8.3 5.3 999 1013.9 10.8 8.7
91 4 30 19 169 3.1 3.5 99 99 99 999 1013.3 10.3 8.7
91 4 30 20 222 3.6 4.3 0.9 6.2 5.5 999 1012.7 10.5 8.9
91 4 30 21 261 2.9 3.5 0.9 6.2 5.6 999 1012.7 10.2 8.9
91 4 30 22 308 3.1 3.8 0.8 7.7 5.4 999 1012.6 11.2 8.9
91 4 30 23 349 2.5 2.8 0.8 6.7 5.6 999 1011.8 11.3 8.9
91 5 1 0 210 2.1 2.6 0.8 6.7 5.5 999 1012.5 10.3 8.9
91 5 1 1 200 1.5 1.9 0.8 6.2 5.4 999 1012.6 9.8 8.9
91 5 1 2 218 1 1.5 0.8 7.7 5.4 999 1012.9 9.9 8.9
91 5 1 3 28 1 1.6 0.8 8.3 5.3 999 1012.6 10.3 8.8
91 5 1 4 308 1 1.3 0.7 7.1 5.2 999 1012.7 9.5 8.7
91 5 1 5 28 3.1 3.4 0.7 5.9 5.2 999 1013.3 10.2 8.7
91 5 1 6 75 2.1 2.4 0.7 6.7 5.3 999 1013.5 10.3 8.7
91 5 1 7 114 0.9 1.7 0.7 6.7 5.4 999 1013.7 10.2 8.7

Event Phonebook Warning 

  Color Coded Flood Levels 
  Vertical datum selection 
  Units selection 
  Download data option 
  Surge, prediction error 



NYC’s Preparations 



… Some Were Not High Enough 



Storm Surge Forecast at Peak 



Email Message & Response to NJDEP 4 days after landfall 



Conclusions: 
 
1)  Sandy was a disruptive event. 
2)  IOOS was there before, during and after. 
3)  IOOS made a difference. 


