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Executive Summary 
Hurricane Sandy was a late-season October 2012 cyclone that made three official landfalls across the 
Caribbean and the United States. The storm’s considerable size and unique characteristics led to the 
direct deaths of at least 147 people in the Atlantic Basin, including 72 in the United States. An additional 
138 indirect fatalities were blamed on Sandy as well. 
 
The system made two initial landfalls in the Caribbean – October 24 in Jamaica as an 85-mph (140-kph) 
Category 1 hurricane; October 25 in eastern Cuba as a 115-mph (185-kph) Category 3 hurricane) – 
before later tracking through the Bahamas. While exiting the Bahamas, Sandy underwent a complex 
transformation that saw its wind field expand to more than 1,000 miles (1,610 kilometers) in diameter. 
This made Sandy as having the largest tropical cyclone wind field since those records began in 1988. 
 
Prior to making landfall in the United States, Sandy began to lose its tropical characteristics and was de-
classified by the National Hurricane Center (NHC) to a post-tropical cyclone. The system came ashore in 
the U.S. near Brigantine, New Jersey on October 29 with 80 mph (130 kph) sustained winds that were 
also accompanied by record storm tide heights (the combination of storm surge and astronomical tide). 
 
Damage and overall impacts in the United States were extensive, as Sandy damaged or destroyed at 
least 650,000 housing units and 250,500 insured vehicles. More than 300,000 business properties were 
also affected. Catastrophic impacts to residential, commercial and governmental property were felt along 
the New Jersey, New York and Connecticut coastlines, where water inundation heights approached 10.00 
feet (3.04 meters). Roughly 9.1 million customers lost electricity in the U.S.  
 
Impact Forecasting noted during its damage survey in New York and New Jersey that Sandy’s record 
storm surge and excessive wave heights were the predominant cause of damage as opposed to wind. 
 
Outside of the U.S., Sandy caused significant damage in eastern Cuba, particularly the city of Santiago 
de Cuba, as approximately 300,000 homes and other buildings were damaged or destroyed. An 
additional 75,000 homes and other structures were damaged in Hispaniola, Jamaica, the Bahamas and 
eastern Canada in addition to power outages and impacts to agriculture and infrastructure. 
 
Sandy also highlighted complexities involving hurricane deductible “triggers”. Most policies cite the 
issuance of tropical cyclone-based watches and warnings as a requirement for the deductible to kick into 
effect. Some policies in the U.S. Northeast also mandate Category 2 wind speeds to be measured for the 
trigger to be initiated. In the case of Sandy, the NHC never issued tropical cyclone-based watches and 
warnings north of North Carolina due to its anticipated post-tropical transition before landfall. 
 
From a catastrophe modeling point of view, the primary lesson from Sandy is that not every simulated 
event may trigger hurricane deductibles. This is especially true given the non-uniform and wide range of 
deductible triggers that different states require. Additionally, Sandy was a highly challenging storm for 
modelers who did not have a similar historical or stochastic event to replicate the storm’s size and track. 
 
Total overall economic losses caused by Hurricane Sandy are estimated at USD72 billion. Impact 
Forecasting estimates insured losses to be USD30 billion, which includes the roughly USD7.2 billion in 
payments made by the National Flood Insurance Program (NFIP). Sandy becomes the second-costliest 
hurricane ever recorded in the Atlantic Basin, second only to 2005’s Hurricane Katrina. 
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Meteorological Recap 

A disorganized cluster of thunderstorms was initially spotted on satellite imagery in the eastern Caribbean 
Sea on October 19, 2012. The tropical wave continued to track westward as the National Hurricane 
Center (NHC) first noted in their tropical weather discussion that atmospheric conditions were anticipated 
to become more favorable for further development. The next day, the system started to become better 
organized and the NHC cited a high likelihood of the tropical wave becoming a tropical depression or a 
tropical storm. As the system further tracked westward in the open waters of the Caribbean Sea, it 
continued to organize while beginning to slow its forward motion. At 11:00 AM EDT (15:00 UTC) on 
October 22, the NHC began to initiate advisories on Tropical Depression 18 as surface observations and 
satellite imagery suggested that the cluster had become sufficiently organized. The system was located 
approximately 320 miles (515 kilometers) south of Kingston, Jamaica. 
 
As the day progressed on October 22, 
atmospheric and oceanic conditions 
continued to become more favorable for 
development primarily due to low wind shear 
and very warm sea surface temperatures. 
During an afternoon reconnaissance flight, a 
NOAA Hurricane Hunter aircraft found a band 
of sustained tropical storm-force winds in the 
southeastern quadrant. This prompted the 
official declaration of Tropical Storm Sandy. In 
its accompanying forecast discussion, the 
NHC noted that given Sandy’s slow motion 
and location in such favorable environmental 
conditions, there was a distinct possibility for 
rapid intensification. 
 
During the next 48 hours, Sandy’s broader 
appearance continued to improve though 
wind speeds only gradually increased. 
Jamaica issued a hurricane warning on 
October 23 as Sandy slowly began to track 
generally towards the north and the tropical 
storm-force wind field continued to expand. 
During this time, additional hurricane and 
tropical storm watches and warnings were 
also posted for eastern Cuba, Hispaniola and 
the Bahamas. By early on October 24, 
Sandy’s minimum central pressure continued 
to drop and wind speeds increased as NOAA 
Hurricane Hunter aircraft recorded data that 
led to the system being upgraded to a 
hurricane with maximum sustained winds of 80 mph (130 kph). The first tropical storm watches were also 
issued for the United States along the east coast of Florida and the Florida Keys, as the NHC noted 
Sandy’s expanding circulation and size would bring gusty winds to the Atlantic coastline. 

Source: NHC 
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Hurricane Sandy made its first landfall on October 24 at 
approximately 3:00 PM EDT (19:00 UTC) near Kingston, Jamaica 
as a Category 1 hurricane on the Saffir-Simpson Scale with 85 mph 
(140 kph) winds. Sandy’s northward trajectory began to increase in 
forward speed during this time, and the system rapidly began to 
strengthen once the eye exited Jamaica and re-entered the 
Caribbean Sea. Shortly before making landfall in Cuba, the NHC 
reported that Sandy had intensified into a 115 mph (185 kph) 
Category 3 hurricane – meaning that the system had reached 
major hurricane status, and also what would be the storm’s peak 
intensity. Sandy came ashore just west of Santiago de Cuba at 
1:25 AM EDT (5:25 UTC) on October 25 with an impressive 
satellite appearance that included a well-defined eye feature. 
 

While tracking over Cuba, the visible structure of Sandy began to deteriorate as a combination of Cuba’s 
rugged terrain and increasingly volatile atmospheric conditions began interacting with the hurricane. Once 
Sandy exited Cuba and approached the southeastern Bahamas, the system encountered increasingly dry 
air at the mid-levels of the atmosphere, strong vertical wind shear and also started to interact with an 
upper level low centered over the Florida Straits. This interaction prompted Sandy to begin tracking slowly 
north-northwestward through the Bahamas on October 25-26. Despite the largely unfavorable 
atmospheric conditions, the storm’s interaction with the previously noted upper level low/trough helped 
Sandy maintain minimal hurricane-force winds, though it was primarily embedded within convection north 
of the center. However, this interaction also further accelerated the expansion of the storm’s wind field. 
 
In its 11:00 PM EDT October 26 (3:00 UTC October 27) 
forecast discussion, the NHC for the first time noted that 
Sandy had begun taking on the appearance of a hybrid 
cyclone with tropical and non-tropical characteristics as 
the wind field continued to rapidly expand. However, the 
system still maintained a warm core. During this time, 
tropical storm watches were issued for coastal locations 
from Georgia to North Carolina. Additional non-tropical 
watches and warnings were also issued by the National 
Weather Service for the Mid-Atlantic States and the 
Northeast. (The NHC noted that since Sandy was not 
expected to be a fully tropical system at the time of U.S. 
landfall, tropical-based watches and warnings would not 
be issued by the agency for areas north of North 
Carolina.) 
 
By early on October 27, Sandy briefly weakened to a 70 
mph (110 kph) tropical storm as continued dry air 
entrainment into the eastern half of the system and 
strong wind shear took its toll. The downgrade was 
short-lived as NOAA Hurricane Hunters would again find hurricane-force winds in the southwest quadrant 
only three hours later. At this time, Sandy started to track northeastward and show signs of increased 
convection near the center of circulation due to its interaction with an upper level trough located to the 
southwest. The storm maintained minimal hurricane strength with 75 mph (120 kph) winds. 

Sandy prior to landfall in Cuba (Source: NASA) 

Source: NHC 
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On October 28, a more complex weather pattern 
began to emerge as a deepening cold front started to 
develop across the eastern United States, a ridge of 
high pressure began establishing over Atlantic 
Canada and Sandy continued to mark its transition to 
an extratropical cyclone. Decreasing wind shear and 
Sandy’s center starting to traverse near the Gulf 
Stream prompted improved organization of Sandy’s 
core, including the reemergence of an eye feature. 
However, the NHC noted that the strongest winds 
associated with Sandy were away from the eyewall.  
 
As the calendar turned to October 29, the NHC 
stated in its 5:00 AM EDT (9:00 UTC) discussion that 
despite Sandy’s unimpressive satellite appearance, it 
had slightly strengthened primarily due to baroclinic 
forcing. (This represents a collision of air masses with 
different temperatures creating energy. In the case of 
Sandy, the collision with the strong Canadian cold 
front in the United States caused an increase of 
energy and a tightening gradient, or higher winds.) 
The NHC definitively stated at the time that Sandy 
would fully transition to an extratropical cyclone prior 
to landfall in the U.S. 
 

During the late morning and early afternoon hours, Sandy’s wind field had expanded to 1,000 miles 
(1,610 kilometers) in diameter as further interaction with the approaching surface cold front and mid/upper 
level trough occurred. It reached a secondary peak of 100 mph (160 kph) at 8:00 AM EDT (12:00 UTC) 
while crossing a small area of warm waters associated with the Gulf Stream.  
 
At 5:00 PM EDT (21:00 UTC), the NHC 
stated that the structure of Sandy had 
deteriorated during the day while tracking 
over much colder waters and that the system 
was becoming absorbed within the large 
mid-latitude cyclonic circulation associated 
with the frontal boundary draped across the 
eastern U.S. An accelerated westerly 
component to Sandy’s track towards the U.S. 
East Coast began due to the noted 
absorption and the strengthening of a ridge 
of high pressure over Atlantic Canada. The 
NHC also acknowledged that the appropriate 
classification would be “extratropical” though 
for continuity they maintained the hurricane 
classification at the advisory time. In its post-
storm analysis, the NHC officially changed 
the advisory classification to extratropical.  

October 28, 2012 satellite image of Hurricane Sandy (Source: NASA) 

Sandy 

Frontal Boundary 

Radar image from 7:00 PM EDT on October 29, 2012 (Source: NWS) 
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By the 7:00 PM EDT (23:00 UTC) intermediate advisory, Sandy had further lost its tropical characteristics 
and the NHC declared the system a “post-tropical cyclone.” Post-Tropical Cyclone Sandy officially made 

its U.S. landfall near Brigantine, New Jersey (just 
to the northeast of Atlantic City) at approximately 
8:00 PM EDT on October 29 (0:00 UTC October 
30) with slightly weakened 80 mph (130 kph) 
maximum sustained winds and a minimum central 
pressure of 945 millibars. It should be noted that 
the strongest winds associated with Sandy at 
landfall occurred on the western side of the 
cyclone. Landfall also coincided with high tide and 
a full moon, which combined with storm surge to 
bring maximized water level heights along the 
Northeast coastline north of the circulation center.  
 
Following landfall, Sandy began to steadily 
weaken though its broad size brought widespread 
impacts across the Eastern and Midwestern U.S. 
as well as southeastern Canada. During October 
29-31, high winds, heavy rains and accumulating 
snows were all recorded in association with 
Sandy’s remnants. In the central Appalachian 
Mountains, blizzard conditions occurred as winds 
gusting to tropical storm-strength would spread 
into the Ohio Valley, Great Lakes and Canada. 
The remnants of Sandy would eventually turn 
northward into Canada before completely 
dissipating and merging with an area of low 
pressure over eastern Canada on October 31. 
 

 
For a further examination of historical landfalling hurricanes and their frequencies in the U.S. Northeast, 
please see Appendix A. 
 
To see a graphical look at the progression of Sandy’s expansive wind field, please see Appendix B. 
 
To see the costliest hurricanes in the Atlantic Basin and the United States, please see Appendix C. 
 
To see a graphical look at storm tide heights as mapped by Impact Forecasting, please see page 35. 
 

Visible infrared image of Sandy post-landfall (Source: NASA) 
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Additional Information 
Warm Core vs. Cold Core 

Prior to landfall in New Jersey, the National Hurricane Center declared that 
Sandy had lost all of its tropical characteristics and had fully transitioned into 
an extratropical/post-tropical cyclone. This means that Sandy had largely 
shifted from having a ‘warm core’ to a ‘cold core’. The following will try to 
help explain each: 
 
A warm core system is one in which a storm’s center has higher 
temperatures than its outer periphery due to the release of latent heat near 
the center. This latent heat occurs when water vapor condenses to liquid, 
causing a further release of heat energy that was first generated when 
evaporation had originally occurred. In the case of tropical cyclones, 
maximum evaporation in the atmosphere is found over the warmest ocean 

waters. This is why cyclones tend to intensify the most during the peak summer months, when water 
temperatures are at their peak and storms are fueled by the warmth. 
 
A cold core system is one in which derives from potential energy that is 
released when cold air aloft near the storm’s center sinks towards the surface 
and is replaced by warmer and less dense air. In the specific case of a warm 
core system transitioning into a cold core system (or an extratropical cyclone), a 
tropical cyclone will enter a region with a large temperature gradient (or 
differential). A normal scenario involves the tropical cyclone becoming 
extratropical and being absorbed by a larger frontal boundary. 
 
A further glossary of tropical cyclone-related terminology from the NHC can be 
found in Appendix E. 
 
Sandy NHC Watches and Warnings 
One of the more controversial aspects surrounding Hurricane Sandy was the lack of issuance of tropical-
based watches and warnings for the United States in the Mid-Atlantic and Northeast. Given the complex 
forecast surrounding Sandy’s evolution from a hurricane to a post-tropical cyclone prior to landfall, it 
posed significant challenges for the National Hurricane Center (NHC) and the National Weather Service 
(NWS). In the days leading up to landfall, the NHC noted that given the anticipated progression to a non-
tropical cyclone before coming ashore, it would follow regular protocol in not issuing tropical-based 
watches and warnings. However, in their final post-event report on Sandy in February 2013, the NHC 
cited that it was working directly with the NWS in the days leading up to landfall to determine the best 
method of communicating the expected impacts for areas north of the Carolinas. 
 
Three days prior to landfall in New Jersey, the NWS decided to begin including Sandy’s anticipated 
impacts inside NHC advisories as well as communicating the current high wind watches and warnings 
which were already in effect. This was ultimately considered the best option given feedback from the 
emergency management community and their desire to maintain warning issuance protocol. Officials 
believed that changing already established watches and warnings with relatively little lead time would 
cause potential confusion amongst the public and possible disruption of evacuation procedures. 
 
The graphic on the top of the next page shows the NWS watches and warnings in effect prior to landfall. 

Warm core (Source: NOAA) 

Cold core (Source: NOAA) 
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In their post-season NOAA Hurricane Meeting in November 2012, the NWS announced that it was 
exploring two possible changes to their products and warnings. In April 2013, the NWS confirmed the 
change of NHC advisory criteria effective June 1, 2013. The proposals included: 
 

1) Give the NHC the option to continue issuing formal advisories on post-tropical cyclones as long 
as those systems pose a significant threat to life and property, and give the NWS the option to 
keep hurricane and tropical storm watches and warnings in place for those systems. 
 

Comment: This gives the NWS more options to handle events such as Sandy. The broadened hurricane 
warning definition also ensures the ability to keep the warning in effect even after a storm’s tropical 
cyclone stage has ended and if the system continues to pose a threat to life and property. 
 

2) Set a target date of 2015 for NOAA to implement explicit storm surge watches and warnings. 
 
Comment: This is a goal that NOAA has been seeking to achieve for several years. Given that storm 
surge is the primary driver of fatalities and usually a large cause of damage in tropical-based events, the 
issuance of storm surge watches and warnings should help mitigate confusion on the part of the public 
and provide a clear communication of the potential risks to life and property. 
 
Sandy and the 2012 Atlantic Hurricane Season 
Sandy became the tenth (and final) hurricane of the year, and 2012 ended up tied as the eighth-most 
active hurricane year in the Atlantic Basin since official records began in 1851. 2005 remains the most 
active year with 15 total hurricanes. In terms of overall named storms, 2012 tied for the third-most active 
year with 19 storms having formed. 2005 remains the most active year with 28 named storms. 
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Impacted Areas and Effects 
The following sections will provide a detailed analysis of specific impacts sustained by areas directly 
affected by Hurricane Sandy. 

Jamaica 
Jamaica was the first region to endure Sandy’s impacts, where the storm made landfall on October 24 
near Kingston with 80 mph (130 kph) sustained winds. One fatality was reported. The storm damaged 
more than 4,000 homes (of which 365 were destroyed and 2,800 severely damaged), caused landslides 
and washed away infrastructure. A maximum rainfall total of 28.09 inches (713 millimeters) was reported 
in the town of Mill Bank. High winds uprooted trees and caused widespread structural impacts to 
businesses, schools and other buildings. Agriculture was hit hard as well, with banana, plantain, cocoa, 
coffee, coconut, and vegetable crops decimated. As many as 37,000 farmers were impacted, of which 
3,600 reported heavy livestock losses.  
 
The areas reporting the most damage included Kingston and the parishes of Portland, St. Andrew, St. 
Catherine, St. Ann, St. Thomas and St. Mary. According to the Jamaica Public Service Company, 70% of 
nationwide customers lost electricity at Sandy’s peak. The island’s international airports were also 
temporarily closed until further inspections were made by engineers. 
 
Total economic losses in Jamaica were listed by the government at JMD9.4 billion (USD100 million), 
including JMD1.5 billion (USD16 million) to agriculture alone. The rest of the losses were to homes, 
infrastructure, schools, and health facilities.  
 
Sandy became the first hurricane to directly strike Jamaica since Hurricane Gilbert in 1988, and the first 
tropical cyclone to strike the island since 2008’s Hurricane Gustav arrived as a tropical storm. 
 
Cuba 
Extensive damage was reported across eastern Cuba, as the outer eyewall of the Category 3 storm 
directly crossed the country’s second largest city (Santiago de Cuba) early on October 25 and left 
significant impacts. The cities of Siboney and Guantanamo were also heavily affected. At least 11 people 
were killed nationwide.  
 
Sustained hurricane-force winds were observed across 
eastern Cuba, including a 90 mph (150 kph) sustained 
reading (and a 114 mph (183 kph) gust)) at Santiago de 
Cuba before the anemometer failed. A peak wind gust of 
165 mph (270 kph) was recorded at Gran Piedra. 
 
State media reported that at least 300,000 homes and 
other buildings were damaged or destroyed, of which 
227,288 occurred in Santiago de Cuba. Sandy also 
severely damaged several churches, including the 
Santiago Cathedral and the Sanctuary of the Virgin del 
Cobre – one of Cuba’s holiest sites. 
 Damage at Guantanamo Bay Naval Base (Source: US Army) 
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Substantial agricultural damage was reported to banana, coffee, bean and sugar crops after upwards of 
10 inches (250 millimeters) of rain fell in many locations, with a maximum of 11.12 inches (282 
millimeters) recorded at Gran Piedra. Tremendous waves up to 10.0 meters (32.8 feet) in height and a 
two-meter (six-foot) storm surge also caused substantial coastal flooding. At the U.S. Guantanamo Bay 
Naval Base, high winds ripped off roofs, shattered windows and tore off power cables from the facility.  
 
Total economic losses in Cuba were listed by the government at CUP53 billion (USD2.0 billion). This 
makes Sandy the fourth-costliest hurricane in Cuba’s history. 
 
Sandy became the deadliest hurricane in Cuba since 2005’s Hurricane Dennis killed 16 people and the 
costliest hurricane since 2008’s Hurricane Gustav that caused USD2.1 billion in damage. 
 
Hispaniola and Puerto Rico 
Haiti 
Severe impacts were felt in Haiti, where more than 20 inches (500 millimeters) of rainfall prompted 
several rivers to overflow their banks. Sandy’s effects directly resulted in at least 60 deaths, while 21 
others officially remained listed as missing. An estimated 27,000 homes were destroyed as floods also 
caused substantial infrastructure and agricultural damage to the southern-third of the country. Nearly 
100,000 hectares (247,000 acres) of cropland was destroyed in seven departments, or 40% of corn, 
beans, rice, banana and coffee crops. Farmers reported at least 64,000 heads of cattle killed as well.  
 
According to the Civil Protection Agency, the cities and towns of Port-au-Prince, Port-Salut, Camp Perrin, 
Les Cayes, Meniche and Tiburon were among the hardest-hit. Many of the same areas had recently been 
affected by Hurricane Isaac, which had already left food shortages in August 2012. Flooding was 
extensive and enhanced in many areas primarily due to significant deforestation that has occurred over 
the course of many years. Tens of thousands of residents in Port-au-Prince remain homeless following 
the magnitude-7.0 earthquake in January 2010. 
 
Officials reported that cholera outbreaks were widespread after the storm, with more than 12,000 cases 
reported. At least 44 fatalities from the disease occurred, which are indirectly linked to Sandy. 
 
Total economic losses were listed by government officials at HTG32 billion (USD750 million), making 
Sandy one of the costliest hurricanes in Haiti’s history. 
 
Dominican Republic 
Significant flooding was recorded across much of the Dominican Republic, leading to the deaths of at 
least three people. Government reports from Santo Domingo cited that upwards of 70% of roads were at 
one point submerged. Officials also reported that 24,500 homes were destroyed and that several main 
bridges had been washed away. At least 130 communities were left isolated. 
 
Total economic losses solely to agriculture were estimated at more than DOP1.22 billion (USD30 million). 
 
Puerto Rico 
Puerto Rico also was affected by Sandy, though impacts were not as substantial as other regions of the 
Caribbean. Heavy rainfall from the cyclone’s outer bands did prompt several rivers to swell, leading to the 
drowning death of one person in Juana Diaz. Hundreds of homes reportedly were damaged.  
 



 

Impact Forecasting | Hurricane Sandy Event Recap Report 12 

Bahamas 
Winds gusting to 80 mph (130 kph) and 
rainfall totals up to 12 inches (305 
millimeters) were recorded throughout 
the Bahamas during the three-day 
stretch that Sandy affected the islands. 
Widespread flood and wind damage 
occurred, which led to the deaths of two 
people.  
 
Government officials reported that the 
most significant damage appeared to 
have occurred on Cat Island and 
Exhuma – which took a direct hit – and 
also Eleuthera. Widespread flooding 
and wind damage was reported to 
homes in addition to downed trees and 
power lines. In Long Island, a local 
legislator stated that extensive crop 
damage affected farmers and that a number of homes had lost their roofs. Flood and wind damage was 
also reported on Acklins Island, Ragged Island and Abaco. In Nassau, reports indicated that docks on the 
western side of Great Inagua had been destroyed and that the roof of a government building had been 
partially ripped off. In New Providence, coastal flooding was reported from Junkanoo Beach to the Caves. 
A large number of homes in the Queen’s Cove region on Grand Bahama also sustained severe flood 
damage. In total, at least 1,030 homes were damaged or destroyed in the Bahamas, of which 10% were 
listed as uninhabitable. 
 
Non-residential damage was prevalent as well. At the Grand Bahama International Airport, water damage 
was sustained at the airport’s Domestic Terminal which prompted the suspension of flights. However, 
flights remained active at the International Terminal. Several cruise lines (including Norwegian Cruise 
Line, Royal Caribbean and Disney Cruise Line) reported damage to their private islands. 
 
According to an estimate by the Bahamas government, the total economic cost across the islands was 
USD702.8 million. This represented roughly 9% of the country’s GDP. The Bahaman general insurance 
industry reported that insured losses were USD100 million, which is higher than the approximate USD50 
million paid out from Hurricane Irene’s damage in 2011. 
 
Bermuda 
Bermuda was largely spared from Sandy’s direct affects, though a strong outer rain band did spawn a 
tornado on October 28. The Bermuda Weather Service (BWS) rated the tornado in Sandys Parish as 
having F-1 winds after causing roof damage to at least 15 homes and other structures in Somerset. The 
twister also capsized several boats in Mangrove Bay. No injuries or fatalities were reported. 
 
According to official weather data from the BWS, Sandy produced only 0.98 inches (25 millimeters) of 
rainfall at L.F. Wade International Airport. The highest sustained winds were registered at 37 mph (60 
kph) on October 29, with a peak wind gust of 58 mph (93 kph). 
 

Sandy exiting the Bahamas on October 26, 2012 (Source: NASA) 
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United States 
Substantial widespread impacts were felt across the entire Atlantic coastline of the United States from 
Florida to Maine before Sandy’s remnants later spread into the Mid-Atlantic, Ohio Valley and the Great 
Lakes. The National Oceanic and Atmospheric Administration (NOAA) estimated that upwards of 60 
million people were directly affected by Sandy across as many as 24 states. At least 159 people were 
killed in the U.S., of which 72 were directly attributable to Sandy. This made Sandy the deadliest cyclone 
outside of the U.S. Southeast since Hurricane Agnes in 1972. At least 650,000 housing units, 300,000 
business properties, and 250,500 insured vehicles were damaged or destroyed by Sandy, most of which 
occurred as a result of storm surge and/or large wave heights. Roughly 9.1 million customers lost 
electricity in the U.S. from Sandy, which was the second-most for a natural disaster behind March 1993’s 
“Storm of the Century”. The system was also blamed on cancelling nearly 20,500 flights during a six-day 
stretch. 
 

At the storm’s peak and just prior to landfall 
in New Jersey, tropical storm-force winds 
extended nearly 500 miles (805 kilometers) 
from the center of circulation, while 
hurricane-force winds extended 175 miles 
(280 kilometers). The 1,000-mile (1,610-
kilometer) diameter of winds reaching 
beyond 40 mph (65 kph) made Sandy’s 
wind field the largest ever recorded since 
1988. NOAA noted that the entire area 
affected by Sandy’s wind swath during its 
track covered nearly 2.0 million square 
miles (5.18 million square kilometers). 
 

To put Sandy’s enormous size into context, Table 1 shows recent notable U.S. landfalling hurricane 
events and their wind fields at their most significant landfall: 

 
 
 
1Landfall in North Carolina. 

Storm Name Sustained Winds 
(Landfall) 

Radius of TS Winds 
(Landfall) 

Radius of HU Winds 
(Landfall) 

Hurricane Floyd (1999) 110 mph 260 miles 115 miles 

Hurricane Charley (2004) 140 mph 85 miles 25 miles 

Hurricane Ivan (2004) 120 mph 290 miles 105 miles 

Hurricane Katrina (2005) 125 mph 230 miles 125 miles 

Hurricane Rita (2005) 115 mph 205 miles 85 miles 

Hurricane Wilma (2005) 120 mph 230 miles 90 miles 

Hurricane Ike (2008) 110 mph 275 miles 120 miles 

Hurricane Irene1 (2011) 85 mph 260 miles 90 miles 

Post-Tropical Cyclone Sandy (2012) 80 mph 485 miles 175 miles 

Rockaway Point, NY (Source: Impact Forecasting) 

Table 1: Comparison of wind field sizes at time of landfall for recent notable hurricane events (Source: National Hurricane Center)  
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State-by-State Impacts 
Florida 
High winds and waves washed sand onto coastal roads in southeastern Florida as Hurricane Sandy 
passed well to the state’s east. The storm caused approximately 160,000 power outages throughout the 
state as tropical storm-force winds were felt along the east coast. A peak on-shore wind gust of 67 mph 
(108 kph) was recorded in the city of Jupiter, and the highest storm surge above normal tide was 2.95 
feet (0.90 meters) at Fernandina Beach. The most notable damage came to the state’s beaches, where 
Brevard County officials reported USD25 million in damages. An additional USD12 million in damages 
was recorded along the Treasure Coast. Palm Beach County noted USD14 million in damages, primarily 
due to waves up to 20.0 feet (6.1 meters) in height. However, beach damage was not nearly as severe as 
seen during the 2004 Hurricane Season. 
 
Approximately three-dozen flights were cancelled at Miami International Airport and Fort 
Lauderdale/Hollywood International Airport. Property damage in the state was largely minimal, though 
downed trees and coastal flooding did affect a limited number of homes and vehicles. 
 
The overall economic cost in Florida, primarily due to beach erosion, was estimated at USD75 million. 
 
North Carolina 
North Carolina was generally spared major damage from 
Sandy, though it had the unique position of experiencing 
tropical storm-force winds along the eastern coastline while 
western sections of the state later received more than 12 
inches (30 centimeters) of snow from the winter storm aspect 
of the system. A state of emergency was declared for 62 
counties. Three fatalities were reported in the state, two of 
which after Sandy caused the Bounty ship to sink 
approximately 90 miles (150 kilometers) southeast of Cape 
Hatteras. Sixteen crew members abandoned ship, though only 
14 survived. 
 
Damage was primarily isolated to the Outer Banks, where 
storm surge and high seas caused notable damage to 
infrastructure. The highest storm surge above normal tide in 
the state was recorded at Duck (4.16 feet (1.27 meters)) before 
the sensor failed. Several main highways (including N.C. 12 and U.S. 158), the Bonner Bridge over 
Oregon Inlet and a bridge near Rodanthe Inlet were damaged, which prompted state officials to prohibit 
visitors from traveling to the island until repairs were completed. Three miles (five kilometers) of protective 
dunes were also lost on Pea Island. Ferry service serving Hatteras Island and its seven villages was 
temporarily suspended; though Dare County officials only allowed residents to use the ferries once limited 
service resumed. Ocracoke Island was largely spared damage. The heavy snowfall in western North 
Carolina forced the National Park Service to close at least five sections of the Blue Ridge Parkway. 
Nearly 16,000 customers lost electricity. 
 
Damage to beaches and infrastructure along the entire Outer Banks was estimated at USD13 million, and 
at least 1,500 insured vehicles were damaged. 
 
Total economic losses in North Carolina were estimated at approximately USD100 million.

H.M.S Bounty (Source: U.S. Coast Guard) 
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Virginia 
Sandy brought hurricane-force wind gusts to eastern sections of Virginia, though the storm spared the 
state significant damage. At least two direct storm-related fatalities occurred, and a state of emergency 
was declared. 
 
According to state and local officials, the majority of the damage resulted from downed trees and power 
lines after winds gusted to nearly 80 mph (130 kph) in some locations, including a peak gust of 79 mph 
(127 kph) at Chester Gap. Up to 10 inches (254 millimeters) of rain prompted several rivers to swell 
(including the Potomac River) though no widespread inland flooding was reported. Sandy also brought a 
storm surge, with several gauges along the Eastern Shore noting heights around 4.00 feet (1.22 meters) 
above ground level. Varying levels of damage occurred in the cities of Alexandria, Richmond, Roanoke, 
Suffolk, Chesapeake, Portsmouth, Virginia Beach, and Tangier Island. The Virginia Port Authority 
reported only light flood and wind damage as operations did not sustain a long-term disruption. As many 
as 4,500 insured vehicles were damaged in the state. 
 
On the western side of the state, heavy snows fell in the mountainous terrain as blizzard-like conditions 
occurred along Sandy’s southern periphery. At the storms’ peak, nearly 300,000 customers lost power 
(including more than 204,000 Dominion Virginia Power customers). 
 
Total economic losses in Virginia were estimated in excess of USD400 million. 
 
Maryland 
Maryland was heavily affected by Sandy, prompting a federal emergency declaration. Major damage was 
reported along the state’s Eastern Shore, and one direct fatality was recorded. The storm’s surge 
(reaching as high as 3.59 feet (1.09 meters) above ground level at Ocean City), high winds and torrential 
rains led to damage of personal and commercial property as well as infrastructure. Severe beach erosion 
was also prevalent. In the resort town of Ocean City, Sandy significantly damaged a large fishing pier due 
to high surf along the Assawoman Bay coastline. 
The surge in Ocean City was listed as the region’s 
worst since Hurricane Gloria in 1985. Elsewhere, 
major flood damage was reported in portions of 
Worcester, Wicomico, Dorchester, and Somerset 
counties as thousands of homes and businesses 
were inundated and hundreds of main roads were 
closed or re-routed. Statewide, at least 5,500 
insured vehicles were also damaged. 
 
The combination of storm surge and heavy rains 
prompted flooding along Chesapeake Bay and the 
swollen Potomac and Monocacy rivers. The town 
of Bellevue recorded Sandy’s highest rainfall total 
of 12.83 inches (326 millimeters). In Howard 
County, power outages caused a sewer to 
overflow and send raw sewage into the Little 
Patunex River. It should be noted that Baltimore 
was largely unaffected, with hundreds of downed 
trees being the largest culprit of damage and 
outages. Rainfall totals between Oct. 26–Nov. 1, 2012 (source: NOAA’s AHPS) 
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Many bridges in the state were forced to close as well due to winds, such as the Chesapeake Bay Bridge 
and the Millard E. Tydings Memorial Bridge. Additional road closures and storm-related damage was 
reported in far western Maryland due to heavy, wet snowfall. Many vehicles were stranded, forcing the 
National Guard to perform rescue missions. At the storm’s peak, more than 600,000 customers lost 
electricity statewide. Impacted companies included Baltimore Gas and Electric Co., Pepco, Delmarva 
Power, Choptank Electric Cooperative, Potomac Edison, and Southern Maryland Electric Cooperative. 
 
Total economic losses in Maryland were estimated at approximately USD500 million. 
 
Washington, DC 
The most notable impacts in the nation’s capital came in the form of power outages, where roughly 
25,000 customers lost electricity as Sandy passed. Damage was not extensive, though city officials did 
indicate that fallen trees and power poles had affected homes, businesses and vehicles. Up to 5.83 

inches (148 millimeters) of rain prompted minor 
flooding in isolated areas with some damage 
reported. Sandy’s arrival caused the Federal 
Government to shut down all of their regional 
buildings on October 29 and 30, including the 
U.S. Supreme Court and Congress. Public 
transportation was disrupted for two days as the 
MARC train and the Virginia Railway Express 
suspended service, though Metro rail and bus 
service quickly came back online once officials 
inspected for damage. No fatalities were reported. 
 
Total economic losses in Washington DC were 
estimated at USD50 million. 
 

Delaware 
Delaware sustained widespread damage from Sandy, particularly along the eastern coastline, which 
prompted a federal disaster declaration. No direct fatalities were recorded in the state. Nearly hurricane-
force wind gusts engulfed several sections of the state in addition to nearly 11 inches (279 millimeters) of 
rain that prompted rivers (including the Delaware River) to swell. The majority of the reported property 
damage occurred in coastal areas such as Kitts Hummock, Bowers Beach, Broadkill Beach, Milton, and 
Woodland Beach after storm surge and high tides topped several coastal dikes (especially in New Castle 
County). The highest storm surges in the state were recorded at Delaware City (5.99 feet (1.83 meters)) 
and Reedy Point (5.80 feet (1.77 meters)). Despite the storm surge heights, reinforcements of sandbags 
surrounding the most vulnerable dikes and levees minimized the level of sustained damage. Sporadic 
property and commercial damage was also reported in Kent and Sussex counties. As many as 2,000 
insured vehicles were damaged in the state. 
 
Infrastructure damage was prevalent, where debris and flood-covered roads led to numerous closures. 
Delaware Route 1 was temporarily closed due to flooding from Dewey Beach to Fenwick Island. Severe 
beach erosion sent an enormous amount of sand sweeping just north of the Indian River Inlet, prompting 
the closure of several stretches of highways and bridges. At the peak of the event, more than 45,000 
customers lost electricity. 
 
Total economic losses in Delaware were estimated at USD150 million. 

Source: Maryland National Guard 
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New Jersey 
New Jersey sustained the brunt of Sandy’s punch, which was the sole U.S. landfall location for the post-
tropical cyclone, as catastrophic damage occurred in virtually every section of the state. At least 12 direct 
fatalities were reported. According to state officials, more than 346,000 housing units were damaged, of 
which 22,000 were completely destroyed. Data also indicated that 19,000 businesses had sustained at 
least USD250,000 in structural damage. More than 113,000 trees were severely damaged, 2.62 million 
customers lost electricity and 60,000 insured vehicles were damaged. A federal disaster declaration was 
made. 
 
Wind gusts of 90 mph (150 kph) and rainfall totals approaching 12 inches (304 millimeters) affected 
several areas, with the highest surface sustained wind reading of 61 mph (98 kph) reported at Long 
Beach. In its official post-event Sandy report, the NHC stated that “sustained hurricane-force winds 
almost certainly occurred in New Jersey, although these are believed to have occurred exclusively after 
Sandy’s extratropical transition.” 
 
A maximum storm surge of 8.57 feet 
(2.67 meters) above normal tide was 
recorded at Sandy Hook, though the 
station failed during Sandy’s passage 
and it is expected that the actual surge 
was higher. Other notable storm surge 
heights above normal tide included 5.82 
feet (1.77 meters) at Atlantic City and 
5.16 feet (1.57 meters) at Cape May. 
Post-storm analysis indicated that the 
highest high-water marks in the state 
were recorded at Sandy Hook (8.90 feet 
(2.71 meters)), Keyport (7.90 feet (2.41 
meters)) and Sayreville (7.70 feet (2.35 
meters)). Most of the highest water 
marks occurred in areas that border 
Lower New York Bay, Raritan Bay and 
the Raritan River, though severe surge-related damage was also found along areas near Newark Bay, 
the Passaic, Hudson and Hackensack rivers, Kill Van Kull, and Arthur Kill. These areas saw water marks 
as high as 6.50 feet (1.98 meters) above ground level.  
 
Table 2 provides a look at water inundation heights above ground level as reported by the NHC: 

 
 

Location  Water Inundation     
Above Ground (ft) 

Water Inundation               
Above Ground (m) 

Monmouth and Middlesex counties 4 to 9 1.2 to 2.7 

Union and Hudson counties 3 to 7 0.9 to 2.1 

Essex and Bergen counties 2 to 4 0.6 to 1.2 

Ocean County 3 to 5 0.9 to 1.5 

Atlantic, Burlington and Cape May counties 2 to 4 0.6 to 1.2 

Long Beach Island, NJ (Source: U.S. Air Force) 

Table 2: Water inundation heights above ground level (Source: National Hurricane Center) 
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Specifically in terms of damage, the hardest-hit 
area(s) came along the Jersey Shore. Sandy 
made landfall near Atlantic City, where high 
waves partially damaged the famed boardwalk. 
The 945.5 millibar pressure reading in Atlantic 
City became the lowest minimum pressure 
recorded north of Cape Hatteras, North Carolina 
in U.S. history. The reading surpassed the 
previous record of 946 millibars registered on 
Long Island, New York following the passage of 
the 1938 Long Island Express Hurricane. 
 
Aerial pictures showed miles (kilometers) of 
extensive damage immediately along the New 
Jersey coastline. In addition to Atlantic City, the 
communities of Seaside Heights, Surf City, 

Unino Beach, Sea Bright, Lavallette, Ortley Beach, Toms River, Long Beach Island, Point Pleasant 
Beach, Perth Amboy, and Belmar were all heavily damaged. Amusement parks, casinos, piers, and 
boardwalks were either damaged or completely destroyed. Thousands of homes were also swept away 
from their foundations or severely damaged by the powerful waves of water coming ashore. Tremendous 
beach erosion only added to the level of devastation.  
 
Areas to the north of the Jersey Shore along the Hudson River also saw substantial impacts. In Jersey 
City, extensive flooding damaged or destroyed thousands of structures – including the City Hall building 
and the Jersey City Medical Center. One image showed dozens of railroad cars that had been swept up 
by floodwaters and were scattered across roads. In Hoboken, as many as 20,000 residents were at one 
point trapped in their homes after more than half of the city was inundated by water. Other cities impacted 
in the state along the Hudson (also known as the Gold Coast) included Bayonne, Weehawken, North 
Bergen, and Edgewater.  
 
Elsewhere, the combination of high winds, storm surge and overflowing rivers (including the Hackensack 
and Raritan) brought even more damage to communities such as Sayreville, Warren, Kinnelon, Boonton, 
Morristown, and Bernardsville. In Moonachie, a levee failure near the Hackensack River led to nearly 6.00 
feet (1.82 meters) of water submerging the town. Little Ferry reported upwards of 4.00 feet (1.22 meters) 
of floodwater after a series of storm drain failures. Additional flooding in Bergen County was recorded in 
Carlstadt. Fires were also reported in the state, most notably in Mantoloking, where at least 14 homes 
were destroyed. Fire officials believed natural gas may have triggered the blaze(s). 
 
Beyond the extensiveness of the physical damage, Sandy’s impacts led to a virtual statewide shutdown of 
transportation. All public transportation was suspended, until limited schedules resumed as assessments 
were taken. The rail operations center of New Jersey Transit was flooded by up to 8.0 feet (2.4 meters) of 
water, damaging as many as 74 locomotive engines and 294 rail cars. Amtrak resumed partial service 
from Newark on November 1, 2012. All tunnels (except the Holland Tunnel) from New Jersey to New York 
were open for travel by November 1, 2012 and PATH services were partially resumed on 86 routes by 
that date as well. 
 

Surf City, NJ (Source: Impact Forecasting) 
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Thousands of flights were cancelled at Newark Liberty International Airport and Teterboro Airport in the 
days leading up to and after the arrival of Sandy. It was reported that flood inundation heights of nearly 
6.00 feet (1.83 meters) were recorded around Newark Liberty. 
 
The vast majority of school districts were closed (at least 509 of 580) due to either structural damage or 
power outages. Sandy also caused a disruption on Election Day (November 6, 2012), as voter turnout for 
the presidential election was the lowest in state history at 67%. 
 
It should also be noted that Sandy forced the shutdown of the Unit 1 reactor at the Salem plant in 
Hancocks Bridge after four of its six circulating water pumps were no longer available for use. The pumps 
are used to condense steam in the non-nuclear side of the plant. The U.S. Nuclear Regulatory 
Commission (NRC) reported that all 
other nuclear reactors in the state were 
safe. 
 
In the wake of Sandy, gasoline 
shortages occurred throughout New 
Jersey. At one point, approximately 60% 
of all gas stations in the state were 
closed which prompted an executive 
order that mandated rationing of 
gasoline purchases in 12 counties. Price 
gouging occurred throughout the state, 
which led the state filing lawsuits against 
11 gas stations. An additional 13 hotels 
were served lawsuits as well.  
 
Total economic losses in the state of New Jersey were listed by state officials at nearly USD30 billion. 
 
New York 
Like neighboring New Jersey, the state of New York endured tremendous damage from Sandy. At least 
48 people were killed – including 40 in New York City – making it the deadliest state during the storm. 
According to state government statistics, at least 305,000 housing units, 265,000 business properties, 
150,000 insured vehicles, and 65,000 boats were damaged or destroyed primarily due to storm surge. 
More than 2.2 million power outages were recorded at the height of the event. A state of emergency was 
declared for every county, even before a federal disaster declaration was later made. 
 
The highest sustained wind reading was recorded at Great Gull Island, located between Long Island and 
Fishers Island, at 75 mph (120 kph). According to the NHC, “this observation occurred at a time that 
would suggest hurricane-force winds likely occurred onshore over a limited area while Sandy was still a 
hurricane.” Other peak sustained winds in New York included: Bayville (66 mph (106 kph)), New York-
LaGuardia Airport (64 mph (104 kph)), New York-Kennedy Airport (56 mph (91 kph)), and Islip (56 mph 
(91 kph)). Winds regularly gusted in excess of hurricane-strength (74 mph (119 kph)). A peak gust of 96 
mph (154 kph)) occurred at Eaton’s Neck. 
 
Rainfall totals were not overwhelming, though the rains did contribute to some flooding in New York. The 
highest official rain totals in the state were 7.07 inches (180 millimeters) at Warsaw, 6.52 inches (166 
millimeters) at Riverhead and 4.83 inches (123 millimeters) at Whitesville. 

Clean-up in Atlantic City, NJ (Source: Impact Forecasting) 
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Record storm surge heights combined with high tide to bring tremendous impacts across coastal New 
York, as overall storm tides (the combination of storm surge and astronomical tide) regularly exceeded 
10.00 feet (3.05 meters). A storm tide of 14.58 feet (4.44 meters) was recorded at Bergen Point West 
Reach, while a maximum storm surge of 12.65 feet (3.86 meters) was measured at Kings Point. At The 
Battery – which is located at the southern tip of Manhattan – the storm tide reached 14.06 feet (4.29 
meters), which was 4.36 feet (1.33 meters) higher than the previous record set in December 1992. It was 
also 4.55 feet (1.39 meters) higher than what was seen during Tropical Storm Irene’s passage in 2011. In 
a survey of high-water marks by the United States Geological Survey (USGS), the highest direct 
measurement of water inundation was 7.90 feet (2.41 meters) above ground level at a home in the 
Oakwood neighborhood of Staten Island. 
 
Table 3 provides a look at water inundation heights above ground level as reported by the NHC: 

 
 
The most notable damage in the state came in New York City’s Lower Manhattan, which is the primary 
financial center in the U.S. As previously mentioned, a record-setting storm tide entered Battery Park 
which sent water over seawalls and into low-lying areas. Water also flooded into the unfinished 
construction pit at the site of the World Trade Center. The New York Stock Exchange was closed for two 
days on October 29 and 30, becoming the first time that the NYSE had been closed for multiple days due 
to weather since the Blizzard of 1888. NASDAQ was also closed for the two days before reopening on 
October 31. 
 
According to NYC’s Metropolitan Transportation Authority (MTA), water flooded at least two major 
commuter tunnels and eight subway tunnels under the East River. The agency called Sandy the most 

destructive storm in the 108-year history of the New 
York subway system. Total damages to the MTA 
system were listed by the agency at more than 
USD5.0 billion. All road tunnels into Manhattan were 
flooded and forced to close as well, except the 
Lincoln Tunnel. Also along the East River, 
representatives from the United Nations reported 
that “unprecedented damage” had occurred to the 
UN Headquarters. Almost all of the damage was 
flood-related. The most significant damage affected 
basement offices and the cooling system in the 
main Secretariat building. Other damage was 
prevalent at Red Hook in Brooklyn and Long Island 
City in Queens after floodwaters reached several 
feet (meters) in height. 

Location  Water Inundation     
Above Ground (ft) 

Water Inundation               
Above Ground (m) 

Staten Island & Manhattan 4 to 9 1.2 to 2.7 

Brooklyn & Queens 3 to 6 0.9 to 1.8 

The Bronx & Westchester County 2 to 4 0.6 to 1.2 

Long Island (Nassau and Suffolk Counties) 3 to 6 0.9 to 1.8 

Hudson River Valley 3 to 5 0.9 to 1.5 

Cranberry Street Tunnel, NYC (Source: MTA) 

Table 3: Water inundation heights above ground level (Source: National Hurricane Center) 
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Elsewhere in the New York City metro region, a large 
fire destroyed 126 homes and damaged 22 others in 
the flooded Breezy Point neighborhood in the 
Rockaway community of Queens. The fires were 
sparked by rising sea waters that came in contact with 
electrical wiring at a home on Ocean Drive. The 
combination of high winds and storm surge preventing 
firefighters to reach the neighborhood allowed the 
blaze to burn for 10 hours. In total, at least 21 fires 
burned in New York City during Sandy which 
destroyed more than 200 homes and businesses. 
 
Significant damage also occurred across Staten Island, particularly along the southern shore. Entire 
blocks of homes, businesses and vehicles were swept away by storm surge in the communities of 
Midland, New Dorp and Oakland Beach and extensive damage affected the borough’s electrical and 
transportation grids. 
 
Floodwaters also prompted the evacuation of patients at downtown New York City hospitals (including 
New York University’s Tisch Hospital and Langone Medical Center) while several other water rescues 
took place. In addition to flooding, winds gusting to upwards of 90 mph (150 kph) led to toppled cranes on 
highrises and ripped roofs. At the Intrepid Sea, Air & Space Museum, the Space Shuttle Enterprise (which 
sits outside aboard the flight deck of a converted aircraft carrier) was partially damaged by high winds. 
Most major tunnels, bridges, schools, Broadway theaters, businesses and airports (including LaGuardia, 
Kennedy and Newark) were all closed for consecutive days. 
 
In addition to the previously mentioned subway closures due to flooding, MTA bus service and PATH 
services were also closed for multiple days. Beginning on October 31, a partial schedule began for some 
subway and bus lines. Amtrak announced modified service on its Northeast Regional line on November 1. 
The Port Authority Bus Terminal also reopened on October 31, though Greyhound Line service remained 
suspended and no commuter buses were scheduled for New Jersey in the weeks following Sandy. 
 

Outside of New York City, much of Long Island 
sustained severe impacts as approximately 100,000 
housing units in 13 towns were damaged, destroyed or 
deemed uninhabitable. Additional damage included the 
loss of Long Beach’s boardwalk and Ocean Beach’s 
ferry terminal and boathouse. In Nassau County, storm 
surge caused considerable damage at the Bay Park 
Sewage Treatment Plant. On Fire Island, extensive 
storm surge destroyed at least 200 homes and 
completely washed away protective sand dunes. 
 

Other impacts from Sandy included the two shutdowns of nuclear reactors. The reactors, Nine Mile Point 
Unit 1 reactor near Syracuse and the Indian Point Unit 3 reactor outside of New York City, never posed a 
public risk during their closures. 
 
Total economic losses across the state of New York were listed by state officials at USD33 billion. Of that 
total, at least USD19 billion occurred in New York City. 

Breezy Point, Queens, NY (Source: Impact Forecasting) 

Watermark in Long Beach, NY (Source: Impact Forecasting) 

Watermark 
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Pennsylvania 
Sandy brought hurricane-force gusts throughout eastern and central Pennsylvania, causing damage and 
leading to the direct deaths of two people. According to official data from the NHC, the highest sustained 
winds in the state were recorded at Philadelphia International Airport (51 mph (81 kph)) and a peak gust 
of 80 mph (130 kph) was registered at Allentown. Tropical storm-force winds gusts also occurred in cities 
including Harrisburg, State College, Lancaster, Wilkes-Barre, and Scranton. In terms of rainfall, a peak 
total of 12.49 inches (317 millimeters) fell in Easton and regular totals in excess of 5.00 inches (127 
millimeters) occurred in southern and western sections of the state. A federal disaster was declared for 
the counties of Bedford, Bucks, Cameron, Dauphin, Forest, Franklin, Fulton, Huntingdon, Juniata, 
Monroe, Northampton, Pike, Potter, Somerset, Sullivan, and Wyoming. 
  
The city of Philadelphia did not sustain catastrophic damage, but officials reported a significant number of 
downed trees and isolated flooding. Regional officials across central and eastern sections of the state 
noted that while damage was widespread, it was not overwhelming in scope. All major highways in the 
Philadelphia metro region (including Interstate 95, the Pennsylvania Turnpike (I-76), the Blue Route 
portion of Interstate 476, the Vine Street Expressway, Schuylkill Expressway, and U.S. Route 1) were 
closed ahead of Sandy’s arrival but later opened on October 30. Statewide, the Pennsylvania Department 
of Transportation reported that there were 425 road closures due to downed trees and power lines, 
flooding or washed-out bridges. Four bridges crossing the Delaware River between Pennsylvania and 
New Jersey were temporarily closed due to high winds, including the Commodore Barry Bridge, the Walt 
Whitman Bridge, the Ben Franklin Bridge and the Betsy Ross Bridge. 
 
In the state’s Lehigh Valley and Poconos regions, very windy conditions brought down trees and power 
lines onto personal and commercial properties in addition to vehicles. However, widespread substantial 
damage was not evident. Minor street flooding was reported as well. Western sections of Pennsylvania 
(including near Pittsburgh) endured periods of heavy, wet snow as Sandy crossed the region. Only minor 
storm-related damage occurred. As many as 4,000 insured vehicles were damaged, and infrastructure 
costs to public roads were listed minimally at USD6 million. More than 1.27 million power outages were 
reported across the state during the height of the event. 
 
Total economic losses in the state were estimated at USD1.25 billion. 
 
Connecticut 
The state of Connecticut was heavily impacted by Sandy’s landfall 
to the southwest, as storm surge and winds gusting to 85 mph 
(140 kph) battered the state. At least five deaths were directly 
attributable to the storm. Data from the NHC indicated that record 
maximum storm surge heights of 9.83 feet (3.00 meters) above 
normal tide levels was recorded at Bridgeport and 9.14 feet (2.79 
meters) at New Haven. Overall water inundation heights of 4 to 6 
feet (1.22 to 1.83 meters) occurred in Fairfield and New Haven 
counties, while heights of 3 to 5 feet (0.91 to 1.52 meters) were 
registered in Middlesex and New London counties. The highest 
measured high-water mark was found at Milford in New Haven 
County at 5.50 feet (1.68 meters) above ground level. However, 
automated tide gauges suggest that inundation heights may have 
been as high as 6.00 feet (1.83 meters) above ground level in 
parts of Fairfield and New Haven counties. Connecticut during Sandy (Source: U.S. Coast Guard) 
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The highest sustained surface winds in Connecticut were 60 mph (95 kph) in the city of Bridgeport. Other 
notable sustained winds above tropical storm-force included 51 mph (81 kph) at Groton, 40 mph (65 kph) 
at Danbury and 40 mph (65 kph) at Windsor Locks-Bradley International Airport. Winds gusted beyond 
hurricane-strength, with a peak gust of 85 mph (137 kph) registered at Madison, CT.  
 
Heavy rainfall also prompted flooding in many areas, including the city of Fairfield where 2,000 homes 
were damaged by floodwaters. Fairfield officials brought in large pumps to drain floodwaters throughout 
the city. In addition to Fairfield, the hardest-hit areas in the state came in coastal locations. Bridgeport, 
New London, Stonington, Newtown, Greenwich, Branford, Stamford and East Haven all reported severe 
damage to homes, businesses and infrastructure from flooding and high winds. Additional, but less 
significant, damage was reported in Hartford. In total, a minimum of 3,000 homes directly along the 
Connecticut coastline were damaged by storm surge and at least 8,000 insured vehicles were damaged. 
A federal disaster declaration was made, and it was later announced that at least 12,380 residents had 
registered for federal disaster assistance which topped USD50 million. 
 
In terms of transportation, most major roads and train lines were cancelled prior to and after Sandy’s 
arrival. On November 1, limited service on public transportation resumed as did the availability of roads 
and highways once debris was removed. Twenty-five school districts were closed on October 29 and 30, 
in addition to state courts and other state agencies. 
 
At Sandy’s peak, approximately 630,000 customers lost electricity (including customers of United 
Illuminating and Connecticut Light & Power). Water utility companies were at one point concerned that 
clean water in the state may have been compromised by sewage backups or pollution. To mitigate 
potential problems, sewage treatment plants in the state were briefly shut down. 
 
Total economic losses in Connecticut were estimated at nearly USD1.0 billion. 
 
Rhode Island 
Much of the damage in Rhode Island from Sandy primarily was found along the coastline and in southern 
towns. A federal pre-landfall disaster declaration was made. Significant storm surge was recorded, 
including registered heights of 6.20 feet (1.89 meters) at Providence, 5.89 feet (1.79 meters) at Conimicut 
Light, and 5.34 feet (1.63 meters) at Newport. Overall inundation heights above ground level along the 
coastline generally ranged between 3 to 5 feet (0.91 to 1.52 meters), with the highest officially USGS-

measured high-water mark at 
4.40 feet (1.34 meters) in 
Jamestown in Newport County. 
 
Reports indicated that the 
hardest-hit areas came in 
Aquidneck Island and South 
County. Specific cities and towns 
that were damaged by high 
winds (gusting up to 86 mph (138 
kph)) and storm surge flooding 
included Matunuck, Narragansett 
Bay, Charlestown, Misquamicut, 
East Providence, Warwick, 
Barrington, and Bristol. 

Coastal damage at Misquamicut Beach, RI (Source: Rhode Island Dept. of Transportation) 
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Providence also reported downed trees and flooding, though the Fox Point Hurricane Barrier blocked 
surge and water from entering downtown areas. The New Bedford Hurricane Barrier also successfully 
handled Sandy’s arrival. However, extensive damage occurred at Newport’s famous Cliff Walk. FEMA 
estimated that damage to infrastructure alone topped USD15 million. As of this writing, more than 1,000 
claims had been filed to FEMA by residents and the agency had paid out more than USD14.9 million 
(representing 40% of the filed claims) in fulfilling the requests. 
 
Nearly all schools and government buildings were closed on October 29 and 30 in addition to public 
transportation via RIPTA and MBTA. More than 122,000 customers lost electricity at the peak of the 
event, and as many as 1,000 insured vehicles were damaged. No fatalities were reported. 
 
Total economic losses in Rhode Island were estimated at USD175 million. 
 
Massachusetts 
The brunt of Sandy’s impacts in Massachusetts was felt along the state’s southern coast, where storm 
surge caused widespread coastal damage. No fatalities were reported. Data from the NHC indicated that 
a maximum storm surge of 5.50 feet (1.68 meters) was recorded at Fall River and a surge of 4.57 feet 
(1.39 meters) occurred at Boston. In terms of inundation heights, the USGS measured high-water marks 
ranging between 2 to 4 feet (0.6 to 1.2 meters) from Narragansett Bay near the Rhode Island border to 
Boston Harbor. 
 
The highest sustained surface winds were 48 mph (78 kph) at the Blue Hill/Milton and East Falmouth 
recording stations. Boston registered 45 mph (75 kph) sustained winds at the peak of Sandy’s passage. 
The strongest wind gust was 83 mph (133 kph) at Cuttyhunk. Rainfall totals were not overwhelming, with 
the highest amount of 4.40 inches (112 millimeters) occurring at Leominster. 
 

According to the local National Weather Service office, coastal flood 
damage did occur in the towns of Barnstable, Braintree, Fairhaven, 
Scituate, Revere, and Newburyport. Only minor impacts were felt in 
the greater Boston metropolitan area, primarily due to downed trees 
and power lines. Structural wind damage was sporadic but felt in 
some areas, including Waltham and New Bedford. Transportation was 
temporarily shut down via the MBTA and the Amtrak Northeast 
Corridor route until tracks were cleared of debris and repaired. At the 
peak of the event, more than 370,000 customers lost electricity. An 
estimated 5,000 insured vehicles were damaged. A pre-landfall 
disaster declaration was made for the state. 
 

Total economic losses in Massachusetts were estimated at USD375 million. 
 
Northern New England (New Hampshire/Vermont/Maine) 
Sandy’s impacts were less significant across northern sections of New England in the tri-state area of 
New Hampshire, Vermont and Maine. One direct fatality was recorded in New Hampshire. Coastal water 
inundation heights in New Hampshire and Maine were all less than 2.00 feet (0.61 meters), despite storm 
surge heights above normal tide levels of 3.53 feet (1.08 meters) at Wells, ME and 3.32 feet (1.01 
meters) at Fort Point, NH. Each state experienced winds gusting beyond tropical storm-force and a peak 
gust of 140 mph (225 kph) was recorded near the summit of Mount Washington, NH.  
 

Damage in Boston (Source: Wikipedia) 
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The most notable damage reports were primarily based on downed trees and power lines as well as 
minor coastal flooding. Most transportation routes via road and train (particularly Amtrak) were back 
online within 72 hours after Sandy’s passage. Power outages included: New Hampshire (210,000), 
Vermont (18,000) and Maine (91,000). According to statistics from the National Insurance Crime Bureau, 
the number of damaged insured vehicles included: New Hampshire (2,000), Vermont (500) and Maine 
(500). 
 
Total combined economic losses for the three states was estimated at USD150 million. 
 
Great Lakes/Ohio Valley 
By the time Sandy’s post-tropical remnants reached portions of the Great Lakes and the Ohio Valley, the 
storm had lost most of its punch. However, given the system’s very broad size, tropical storm-force winds 
were recorded across multiple states in each region – including Michigan (59 mph (95 kph) in Presque 
Isle), Ohio (68 mph (109 kph) in Cleveland), Kentucky (48 mph (78 kph) at Falmouth Gene Snyder 
Airport), Indiana (60 mph (95 kph) in Gary), Illinois (43 mph (69 kph) in Chicago), and Wisconsin (53 mph 
(85 kph) in Sheboygan). Wave heights of up to 23.0 feet (7.01 meters) were recorded along the 
coastlines of lakes Huron, Erie and Michigan which caused minor damage and beach erosion. 
 
Most damage reports were sporadic in most states, though parts of Ohio reported a high volume of 
downed trees and power lines onto homes, businesses and vehicles. Heavy snow and ice was also 
recorded in southern sections of Ohio, which led to additional reports of damage. Also of note, the Rock 
and Roll Hall of Fame in Cleveland sustained minor damage to siding. As many as 4,000 insured vehicles 
were damaged in Ohio. According to the U.S. Department of Energy, power outage peaks included 
267,000 in Ohio, 154,000 in Michigan, 10,000 in Indiana, 8,400 in Kentucky, and 1,150 in Illinois. 
 
Total economic losses throughout the region were estimated at USD550 million, including USD450 million 
alone in Ohio. 
 
Appalachia 
Sandy’s impacts across parts of Appalachia were unique of a post-tropical-based system, as record 
snowfall fell in the states of West Virginia, Tennessee, Maryland, and Virginia. All four states cited 
locations receiving more than 2.0 feet (60 centimeters) of snow, with the highest per-state totals coming 
in Richwood, WV (36 inches (91 centimeters)), Mount Leconte, TN (34 inches (86 centimeters)), 
Redhouse, MD (29 inches (74 centimeters)), and Norton, VA (24 inches (60 centimeters)). Heavy 
accumulating snowfall also occurred in parts of Ohio, North 
Carolina, Pennsylvania, and Kentucky. The heavy, wet snow 
caused roofs to collapse and tree branches and power lines 
to snap. In West Virginia, at least one direct storm-related 
fatality occurred. FEMA distributed USD13 million to 18 
counties in the state for disaster assistance.  
 
Total economic losses in West Virginia were estimated at 
USD100 million. 
 
Despite the impressive snowfall totals, Sandy did not set the 
all-time U.S. record for snowfall from a one-time hurricane. 
The late-season Hurricane of 1804 tallied upwards of 4.0 feet 
(122 centimeters) of snow in Vermont. Heavy snow in West Virginia (Source: U.S. Army) 



 

Impact Forecasting | Hurricane Sandy Event Recap Report 26 

Canada 
Ontario 
Many parts of southern Ontario – stretching from Windsor to Ottawa – endured tropical storm-force wind 
gusts. The highest sustained winds (48 mph (78 kph)) were recorded in Sarnia, and the highest gust was 
67 mph (107 kph) in Western Island. The high winds downed trees and power poles throughout the 
province. At the height of the event, at least 145,000 customers lost electricity. Sandy’s remnants also 
spawned periods of heavy rain and freezing rain in some locations. Due to the inclement weather and 
power outages, hundreds of flights were cancelled at airports in Toronto and Ottawa. One direct fatality 
was reported in Ontario. 
 
Quebec/Nova Scotia 
Gusty winds from Sandy’s outer periphery led to more than 49,000 homes and businesses to lose 
electricity. The vast majority of those outages occurred in the Laurentides region. Damage was largely 
confined to downed trees and power lines. Transportation was slightly affected as well, with dozens of 
flights cancelled at Montreal-Pierre Elliott Trudeau International Airport. In Nova Scotia, approximately 
14,000 customers lost electricity during the height of the storm. 
 
Total economic losses in Canada were estimated at roughly USD200 million. 
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Energy Impacts 

Electricity 
Sandy knocked out electricity to more than 9.3 million customers across at least 20 states in the U.S. and 
three provincial regions of Canada as the storm caused substantial damage to electrical grids. Debris-
covered roadways only created greater challenges for utility workers to access many areas. Eight nuclear 
power stations in New York, New Jersey, Pennsylvania, Connecticut, and Vermont were briefly knocked 
offline. 
 
Total utility repairs, primarily for electrical grids, were estimated in excess of USD3.5 billion. 
 
Table 4 provides a breakdown of power outages in the United States and Canada. 

 

Telecommunications 
In addition to electric service, federal officials reported that Sandy had at one point knocked offline more 
than 25% of all wireless cell towers in a ten-state swath from Virginia to Massachusetts. In an effort to 
maximize coverage throughout the Northeast, several major cell phone providers worked together to 
merge their antenna networks. Verizon reported that floodwaters up to 3.00 feet (0.91 meters) in height at 
three of their central offices in New York’s Lower Manhattan, Queens and Long Island had knocked off 
service in many areas – including the Wall Street and most customers located in downtown New York 
City. AT&T, Sprint Nextel, and T-Mobile USA all dealt with similar wireless service problems due to 
flooded equipment, wind-driven damage to grid systems and to a loss of electricity. 
 
Cable operators Cablevision, Comcast, and Time Warner Cable also registered service disruptions 
primarily due to power outages. 
 
It should be noted that telecom disruptions also led to large-scale effects to electronic trading (as well as 
corporate operators) at the New York Stock Exchange and NASDAQ. Some trading firms sustained 
damage at their data centers which hampered their ability to operate upon the Wall Street’s re-opening. 

State/Province Peak Outages State/Province Peak Outages 
Connecticut 630,000 North Carolina 16,000 

Delaware 45,000 Ohio 267,000 

Illinois 1,150 Pennsylvania 1,270,000 

Indiana 10,000 Rhode Island 122,000 

Kentucky 8,400 Tennessee 2,100 

Maine 91,000 Vermont 18,000 

Maryland 600,000 Virginia 300,000 

Massachusetts 370,000 West Virginia 272,000 

Michigan 154,000 Ontario (Canada) 145,000 

New Hampshire 210,000 Quebec (Canada) 49,000 

New Jersey 2,615,000 Nova Scotia (Canada) 14,000 

New York 2,100,000 Total U.S. & Canada Outages 9,310,000 

Table 4: Power outages in the United States and Canada (Source: U.S. Department of Energy; State/local emergency management agencies) 
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Oil and Gas Productivity 
Refineries 
Sandy crossed a region of the country which makes up approximately 8% of all U.S. oil refining capacity. 
The system shut down at least nine facilities (with a combined capacity at 1.3 million barrels a day) at its 
peak. Some of the notable affected refineries included Hess in Port Reading, NJ, Monroe Energy in 
Trainer, PA, PBF in Delaware City, DE and Paulsboro, NJ, Sunoco in Philadelphia, PA, and Phillips 66 in 
Linden, NJ. Most refineries were back online and running at normal operations within 72 to 96 hours once 
electricity was restored and it was determined that only minimal damage had occurred to most facilities. 
 
However, Sandy caused a tank to rupture at a Shell Oil and Saudi 
Refining storage facility in Sewaren, New Jersey. The rupture led to 
nearly 336,000 gallons of diesel fuel leaking into the Arthur Kill, 
which is a waterway that separates New Jersey and Staten Island. 
Containment booms and a vacuum truck were used to clean up the 
spill along the coastlines. The U.S. Coast Guard reported that it had 
also recovered 780,000 gallons (1.1 million liters) of an oily mixture 
from Kinder Morgan’s Perth Amboy terminal and that an additional 
7,700 gallons (29,000 liters) of fuel had spilled from the Phillip 66’s 
Bayway Refinery in Linden. 
 
Ports 
Ports were forced to shut down all along the Eastern Seaboard of the United States, with the U.S. Coast 
Guard noting closures for ports in Sector Baltimore, Sector Boston, Sector Southeastern New England 
(Providence, RI), Sector New York, Sector Long Island Sound, Sector Delaware Bay (including 
Philadelphia), and for ports along coastal waters in Virginia and Maryland, including the Chesapeake Bay 
entrance. The Port of Hampton Roads, VA remained open, but with restrictions. 
 
The Port Authority of New York and New Jersey closed all traffic for several days in Sandy’s wake as 
severe damage was recorded at several sites due to excessive storm surge and hurricane-force wind 
gusts. The closures included the Port Newark Container Terminal, Port Elizabeth Marine Terminal, Port 
Jersey Marine Terminal, Howland Hook Marine Terminal on Staten Island, and the Brooklyn-Port 
Authority Marine Terminal. In total, more than 15,000 containers were damaged. 
 
New Jersey ports were among the hardest-hit, as 5.00 feet (1.52 meters) of water from Newark Bay came 
inland. The effects included thousands of pieces of container-moving equipment – called “chassis” – as 
well as wind turbine components and heavy construction equipment which were damaged or destroyed. 
The combination of at least 2,500 transport trucks destroyed and the loss of available chassis led to a 
domino effect of an overload of containers at terminals and ships unable to unload goods. This prompted 
a backlog of containers sitting dockside and triggered the intentional delay of ship arrivals at terminals.  
 
At the Port Newark-Elizabeth Marine Terminal, more than 16,000 vehicles were damaged by Sandy’s 
tidal surge. Among the companies affected at the port included Nissan Motor Co., Toyota Motor Co., and 
Honda Motor Co. Fisker Automotive Inc. noted that it lost 338 Karma luxury plug-in hybrids which cost 
more than USD100,000 each.  
 
The Port Authority of New York and New Jersey estimated total damages to its facilities at USD2.0 billion.  
 

Spill containment in NJ (Source: U.S. Coast Guard) 
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Petroleum Terminals & Pipelines 
According to official statistics from the U.S. Department of Energy (DOE), a total of 57 petroleum 
terminals were either shut down or were running with reduced capacity prior to and after Sandy’s arrival. 
Terminals in the states of New Jersey, New York, Connecticut, Pennsylvania, Massachusetts, Delaware, 
Maryland, Virginia, and Rhode Island were affected. Affected companies included Bayside Fuel Oil 
Depot, Castle Port Morris, CITGO, Colonial Pipeline, ExxonMobile, Global Partners, Gulf Oil, IMTT, Hess, 
Kinder Morgan, Magellan Midstream, Motiva, Northville Industries, NuStar Energy, Phillips 66, 
Schildwachter Oil, and Skaggs Walsh. 
 
Similarly to petroleum terminals, petroleum pipelines from Virginia to Massachusetts were affected as 
well. Oil and gasoline pipelines were both shut, though companies such as Colonial Pipeline, Buckeye 
Partners LP and Kinder Morgan maintained the delivery of jet fuel to major airports such as Dulles and 
Reagan National in Virginia, La Guardia and Kennedy in New York City, and Newark. Once power was 
fully restored, pipelines were able to resume to full activity. 
 
Natural Gas Pipelines 
Power outages were blamed on the loss of natural gas productivity, as the infrastructure was disrupted in 
New Jersey and West Virginia. The DOE reported that at one point New Jersey Natural Gas (NJNG) had 
partially shut down a portion of its natural gas infrastructure which included lines serving gas to the state’s 
barrier islands. In West Virginia, a temporary power outage suspended natural gas productivity at 
Dominion Transmission’s Lightburn Extraction facility. 
 
The map below, courtesy of the U.S. Energy Information Administration (EIA), shows the location of 
energy infrastructure across the Northeast in relation to Sandy’s track. 
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Gasoline Shortages 
In the aftermath of Sandy, there quickly became a shortage of gasoline throughout the U.S. Northeast – 
particularly in New York and New Jersey. The lack of gasoline led to rationing and, in some instances, 
price gouging. As such, residents waited for several hours in line at overwhelmed gas stations. 
 
Table 5 provides a look at gas stations and their gasoline supply availability in the New York City 
metropolitan region during early November 2012. The data comes via a survey of gas stations conducted 
by the U.S. Energy Information Administration. 

 
 
As noted earlier, Sandy damaged pipelines, refineries and terminals across the region which aided the 
lack of available fuel for motorists. Most notably, Sandy knocked offline two of the six refineries in the 
Northeast, both in New Jersey. The Phillips 66 Bayway refinery, the second-largest refinery on the East 
Coast, was flooded and forced to shut down and Hess’s Port Reading refinery in New Jersey was also 

knocked offline due to a prolonged loss of 
electricity. In addition to the loss of the two 
refineries, Colonial Pipeline and Buckeye 
Partners LP lost power and the ability to 
transport available gasoline via their pumping 
stations. Damage at local port facilities also 
made shipment delivery from terminals 
difficult. 
 
In the months prior to Sandy’s arrival, the 
East Coast was already enduring a steady 
decline of gasoline inventories. In recent 
years, productivity of East Coast refineries 
has eased as the region has relied more 
heavily on gas imports and gasoline piped in 
from the U.S. Gulf Coast. This leaves the 
East Coast vulnerable to shortages. The 
vulnerabilities during Sandy were further 
enhanced as the region was cut off from both 
pipelines and imports. At the nadir of Sandy 

for the week ending on November 9, 2012, East Coast gasoline inventories were only 45.1 million barrels. 
This represented the lowest level of inventories since hurricanes Gustav and Ike made landfall along the 
Gulf Coast in September 2008, which brought the total down to 43.9 million barrels. The 1990-2012 
weekly average was 56.9 million barrels. 
 
The chart on the top of the next page shows weekly East Coast gasoline inventories from 2000 to 2012. 

Station Response Nov. 2 Nov. 3 Nov. 4 Nov. 5 Nov. 6 Nov. 7 Nov. 8 Nov. 9 

No gasoline supply 10% 28% 24% 38% 28% 28% 21% 21% 

Gasoline availability 33% 45% 59% 62% 66% 62% 72% 72% 

No power at station 3% 3% 0% 0% 0% 0% 0% 0% 

No contact w/ station 53% 24% 17% 0% 7% 10% 7% 7% 

Residents waiting in line to get gasoline in Clifton, NJ (Source: Wikipedia) 

Table 5: Survey of gas stations in the New York City metropolitan region during November 2012 (Source: U.S. Energy Information Administration) 
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Transportation Impacts 
Airports & Airlines 
Transportation was heavily affected throughout 
the United States, with airlines cancelling 20,492 
flights between October 28th and November 2nd. 
See Table 6 for details. The hardest-hit airports 
were New York City’s LaGuardia and JFK 
international airports, Newark Liberty International 
Airport, Washington DC’s Reagan and Dulles 
international airports, Boston Logan International 
Airport, Philadelphia International Airport, 
Baltimore/Washington International Airport, and 
Philadelphia International Airport.  
 
Several airports sustained flood inundation and 
wind damage, which left lingering impacts at 
terminals and to equipment for days or, in some instances, weeks. New York’s LaGuardia sustained 
damage to terminals in addition to its runways and tarmac being flooded by storm surge. Elsewhere, 

coastal flooding submerged runways at Hartford-Brainard Airport in Hartford, 
CT and Groton-New London Airport in Groton, CT. Hurricane-force winds 
damaged non-commercial aircraft in some smaller airports in the region. 
Service disruptions cumulatively cost airlines more than USD200 million in 
revenues from Sandy’s impacts. 
 
It should be noted that several runways at smaller airfields became storage 
lots for damaged vehicles. At Calverton Executive Airpark in Riverhead, NY, 
more than 15,000 Sandy-damaged vehicles were parked on the tarmac, 
taxiways and runway as assessors determined whether the vehicles could 
be re-sold into the marketplace or sold for parts. 

Date # of Flight 
Cancellations 

Oct. 28 1,501 

Oct. 29 7,977 

Oct. 30 7,074 

Oct. 31 2,989 

Nov. 1 873 

Nov. 2 78 

Total 20,492 

HU Sandy 
HU Gustav 
& HU Ike 

Source: U.S. Energy Information Administration 

LaGuardia Int’l Airport on Oct. 30, 2012 (Source; U.S. Coast Guard) 

Table 6: Flight cancellations 
(Source: FlightAware) 
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Railways 
Rail service was severely disrupted as well, with Amtrak cancelling service throughout the eastern half of 
the U.S. – including the high-speed Acela Express trains which mark the Northeast Corridor line between 
Washington, D.C. and Boston. While service slowly resumed by November 1, Amtrak officials noted that 
engineers had to inspect more than 300 miles (480 kilometers) of rail track for safety precautions. In the 
greater New York City metropolitan region, flooding forced the closure of two highly-used tunnels used by 
Amtrak and MTA Long Island 
Railroad due to track damage 
and also water levels causing 
the short-circuiting of crucial 
signal cases. Amtrak reported 
that Sandy had incurred 
approximately USD60 million in 
operating losses, and 
requested another USD276 
million from the federal 
government for improved 
protection measures and future 
project development. 
 
In terms of public 
transportation, this report has 
already described the heavy 
toll Sandy took on the New 
York Metropolitan Transit 
Authority (MTA), New Jersey Transit, and the NY/NJ PATH Train System. More specifically in terms of 
rail, New Jersey Transit reported that floodwaters had damaged at least 294 rail cars and 74 locomotives. 
Total losses to the agency were listed at USD400 million. Other losses to transit agencies included: NYC 
MTA (USD5.01 billion, including USD4.75 billion alone to infrastructure) and PATH Train System 
(USD700 million). 
 
Bus Service 
Long-distance bus companies such as Greyhound and Megabus were forced to suspend operations 
across the Northeast for several days though service was largely resumed by November 5th. However, 
most service into Atlantic City, New Jersey remained closed for months due to extensive storm damage 
along the Jersey Shore. Greyhound service between Charlotte, NC and Charleston, WV were also 
cancelled due to heavy snowfall, and Megabus service was disrupted as far west as Chicago, IL. The 
provider BoltBus, which provides service between New York City and Washington, D.C., cancelled 
service as well during Sandy’s peak. 
 
Marine Industry 
Sandy became the most damaging event in the marine industry’s history. Overall, the storm cost the 
industry approximately USD3.0 billion in insured losses, with the overall economic impact approaching 
USD5.0 billion. Sandy’s waves and storm surge left considerable damage to recreational boats which 
ranged from wave runners to 40-foot (12-meter) yachts that were washed ashore. According to a report 
by the Boat Owners Association of the United States (BoatUS), roughly 65,500 recreational boats were 
damaged or destroyed by Sandy. Of that total, 70% were considered total losses. 

Rail damage along the Rockaway line in New York City (Source: MTA) 
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The insured impact was estimated at USD650 million, 
with the loss breakdown including: 32,000 in New York 
(USD324 million), 25,000 in New Jersey (USD242 
million), 2,500 in Connecticut (USD23 million), and 6,000 
scattered elsewhere along the Atlantic Seaboard (USD61 
million). 
 
It should be noted that roughly half of all commercial and 
recreational boats are covered by insurance. Sandy 
surpassed 2011’s Hurricane Irene as the costliest event 
for the industry (USD500 million), and nearly equaled the 
USD700 million in combined losses sustained by 
hurricanes Katrina and Wilma in 2005. 

Environmental Impacts 
Beach Erosion 
Sandy caused substantial damage to beaches from Florida to Maine, with officials from the United States 
Geological Survey (USGS) and the U.S. Army Corp of Engineers reporting that damage in the New York 
and New Jersey areas alone would exceed USD100 million. Upwards of 90% of the beaches in the two 
states had suffered severe erosion from Sandy’s passage. On average, beaches in New Jersey were 30 
to 40 feet (9 to 12 meters) narrower. Southward into the Delmarva Peninsula, it was estimated that 91% 
of beaches in Delaware, Maryland and Virginia had some erosion or overwash (which occurs when storm 
surge or waves pushes sand inland instead of out to sea). 
 
Wildlife 
Storm surge flooding destroyed a wide section of wildlife habitats, as the combination of beach/dune 
erosion, moved habitats, and salt water breaching into freshwater marshes, ponds and lakes causing 
severe impacts from Delaware Bay to Long Island Sound. Multiple oil and sewage spills also inundated 
New Jersey, New York and Connecticut waterways, which killed large numbers of fish and birds. Some of 
the notable spills included: nearly 378,000 gallons of diesel fuel along the banks of the Arthur Kill in New 
York and New Jersey; up to 500 million gallons of untreated wastewater into Newark Bay by the Passaic 
Valley Sewerage Commission treatment plant in New Jersey; release of 300 million gallons of sewage 
into the Raritan River by the Middlesex County Utilities Authority treatment plant in New Jersey; and the 
pumping of 60,000 gallons of raw sewage into Seth Williams Brook in Ledyard, Connecticut. 
 
Storm Debris 
The tremendous damage caused by Sandy left 
considerable amounts of debris throughout the 
northeastern United States. More than 12 million 
cubic yards of debris was left behind in New York 
and New Jersey alone, and temporary dumping 
sites were created as officials determined what 
landfill sites to transfer the debris. However, debris 
left by Sandy paled in comparison to the 100 
million cubic yards left by Hurricane Katrina and 
the 43 million cubic yards by Hurricane Andrew. 

Boat washed inland by storm surge (Source: MTA) 

Temporary debris dumping site in NY (Source: Impact Forecasting) 
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Impact Forecasting Reconnaissance 
In order to improve assumptions in our scenario models and determine a more precise loss estimate for 
Hurricane Sandy, engineers from Impact Forecasting (IF) conducted a damage survey throughout several 
areas in the New York City metropolitan region. Although much of the storm debris had already been 
removed from the streets prior to the team’s arrival, a significant amount of damage was still evident. The 
IF team visited several locations in New York and New Jersey, including Long Beach, Breezy Point, 

Rockaway, Staten Island, and the Battery Park area 
in Lower Manhattan.  
 
The scale of wind damage surveyed in most 
locations around New York was modest when 
comparing to storm surge and flood damage. In 
instances where damage was recorded, loss of roof 
coverings, flashing or wall cladding was noted. 
There were many cases where buildings were 
damaged due to fallen trees, in which the losses 
were categorized at a higher degree. The wind 
damage observed along coastal sections of Long 
Island suggested a sustained wind speed of 
approximately 75 mph (120 kph) or less.  
 

The majority of the damage observed and recorded by Sandy was due to storm surge, high tide and 
waves. In the areas surveyed, most residential buildings within several blocks of the coast sustained 
heavy damage to contents, where they were removed from the building and piled outside. There were 
also large collections of debris at several locations throughout the metro area. Buildings on the coast 
sustained heavy structural damage due to storm surge, waves, and some cases, wind. Building damage 
due to storm surge was also observed for many locations several blocks inland. The same applied to 
retail and commercial buildings along other coastal regions. Observed watermarks showed flood depths 
in the range of 2 to 8 feet (0.6 to 2.4 meters) in the sites surveyed, and the heights depended on the 
distance from coast and its elevation. In Breezy Point, more than 120 homes were destroyed in a large 
fire that was caused by rising sea water that came into contact with electrical wires.   
 
In Lower Manhattan, several high-rise buildings 
in the financial district were surveyed. 
Watermarks varied between 4 to 7 feet (1.2 to 
2.1 meters). Such flood depths were the result of 
low-lying land in parts of Lower Manhattan. Most 
of the buildings (including low-rise, mid-rise and 
high-rise) in this area were closed due to water 
damage to contents and electrical/mechanical 
equipment damage. Large losses due to direct 
and contingent business interruption occurred in 
this area. 

The primary take-away from the overall assessment was that the flood/surge was the dominant cause of 
damage as opposed to wind. This was consistent with IF’s initial loss estimation assumptions. 

Surge damage in Staten Island, NY (Source: Impact Forecasting) 

High-rise power generators in Manhattan (Source: Impact Forecasting) 



 

Impact Forecasting | Hurricane Sandy Event Recap Report 35 

Impact Forecasting Modeled Storm Tide Results 
The importance of flood driving much of losses from Sandy highlights the need to be able to effectively 
model storm surge – both for post-loss risk assessment, and as part of a pre-loss stochastic evaluation of 
portfolio risk. In order to do this modeling, Impact Forecasting has implemented the SLOSH methodology 
into its stochastic modeling platform, ELEMENTS. 

What is SLOSH? 
According to the National Hurricane Center, the Sea, Lake and Overland Surges from Hurricanes 
(SLOSH) model is a computerized numerical model developed by the National Weather Service (NWS) to 
estimate storm surge heights resulting from historical, hypothetical, or predicted hurricanes by taking into 
account atmospheric pressure, size, forward speed, and track data. These parameters are used to create 
a model of the wind field which drives the storm surge. The SLOSH model consists of a set of physics 
equations which are applied to a specific locale's shoreline, incorporating unique bay and river 
configurations, water depths, bridges, roads, levees and other physical features.  

Impact Forecasting Storm Tide Heights Using SLOSH 
Table 7 below indicates that the Impact Forecasting implementation of SLOSH for Sandy showed very 
little difference on average, while the average absolute difference was ~8%. The averages were based on 
the 11 selected storm tide heights at coastal locations which sustained the most significant losses. This in 
turn translated into a more accurate assessment of the losses. For reference, the overall accuracy of the 
Impact Forecasting implementation of SLOSH for all hurricanes is about 15%.  

 
 
Impact Forecasting has a suite of catastrophe models that analyze the financial implications of 
catastrophic events so that our clients achieve a greater understanding of their risks. To estimate the 
insured losses for Hurricane Sandy presented in the next section of this report, Impact Forecasting used 
this implementation of SLOSH, as well as its hurricane wind model, through its in-house ELEMENTS 
software platform. 

Gauge Location State Gauge Data 
Actual (ft) 

SLOSH 
Predicted (ft) % Difference 

New London Connecticut 7.99 6.55 -22% 

New Haven Connecticut 12.25 12.12 -1% 

Bridgeport Connecticut 13.15 13.18 0% 

Delaware City Delaware 9.74 7.85 -24% 

Sandy Hook New Jersey 13.23 14.41 +8% 

Atlantic City New Jersey 8.90 9.55 +7% 

Cape May New Jersey 8.91 8.57 -4% 

Kings Point New York 14.31 14.61 +2% 

The Battery New York 14.06 14.78 +5% 

Bergen Point West New York 14.58 16.25 +10% 

Montauk New York 7.12 6.66 -7% 
Average of Selected Locations 11.29 11.32 8% 

Table 7: Observed and modeled storm tide heights from selected locations (Source: NOAA; USGS; Impact Forecasting) 
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The following two maps show SLOSH predicted storm tide along the New York, New Jersey and 
Connecticut coastlines. The SLOSH estimates are based on actual parameters from Sandy, including 
official height data as measured by the National Oceanic and Atmospheric Administration (NOAA) and 
the USGS. 
 
As a reminder, storm tide is defined as the combination of storm surge and astronomical tide. Note that 
this is different from inundation, which is the measured water height above ground level that occurs as a 
result of the storm tide. 
 
To see a full glossary of tropical cyclone-related terms, please see Appendix D. 
 
The map below provides a look at modeled storm tide heights in New York, New Jersey and Connecticut. 
The map is Impact Forecasting’s implementation of NOAA’s SLOSH model.

Modeled storm tide heights along coastal New Jersey, New York and Connecticut (Source: Impact Forecasting) 
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The map below provides a closer look at modeled storm tide heights in the hardest-hit areas surrounding 
New York’s New York City and Long Island, as well as New Jersey. The map is Impact Forecasting’s 
implementation of NOAA’s SLOSH model. 

 
 

 

Modeled storm tide heights in the greater New York City metropolitan region. The labels indicate counties. (Source: Impact Forecasting) 
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Hurricane Sandy’s Financial Impact 
Given the substantial scope of damage left in the wake of Hurricane Sandy, as well as its complex 
classification prior to landfall in the United States, there were unique challenges in determining the true 
economic and insured cost(s) of the event. 

Economic Loss 
Following a thorough review and a collection of data from 1) Individual U.S. state governments; 2) FEMA, 
NFIP, NOAA and other federal government agencies; 3) Quarterly and annual filings to the Securities and 
Exchange Commission (SEC) by private companies; 4) Publicly available specialized industry-based loss 
estimates; and 5) Analysis by NOAA and the National Hurricane Center, it is assumed that Sandy caused 
roughly USD68 billion in economic losses in the United States. 
 
When including the nearly USD4.0 billion in non-U.S. economic losses from the Caribbean, Bahamas and 
Canada, Hurricane Sandy’s overall economic impact is approximately USD72 billion. 
 
Table 8 below provides a breakdown of economic losses by state and/or country: 

 
 
Table 9 below provides a look at select miscellaneous economic losses included in the totals in Table 8. 

State/Country/Region Economic Loss (USD) State/Country/Region Economic Loss (USD) 
Connecticut 1.0 billion North Carolina 100 million 

Delaware 150 million Ohio 450 million 

Illinois 10 million Pennsylvania 1.25 billion 

Florida 75 million Rhode Island 175 million 

Indiana 30 million Tennessee 20 million 

Kentucky 20 million Vermont 20 million 

Maine 50 million Virginia 400 million 

Maryland 500 million Washington, D.C. 50 million 

Massachusetts 375 million West Virginia 100 million 

Michigan 40 million Caribbean Islands 2.85 billion 

New Hampshire 80 million Bahamas 703 million 

New Jersey 30 billion Canada 200 million 

New York 33 billion Total Overall Economic Loss 72 billion 

Type Economic 
Loss (USD) Type Economic 

Loss (USD) 
NYC Metropolitan Transit Authority 5.0 billion Marine (All states) 5.0 billion 

Roads, Bridges, Tunnels (NY & NJ) 6.4 billion Recreational Boats (All states) 1.0 billion 

Water, Waste, Sewage (NY & NJ) 4.7 billion New Jersey Transit 400 million 

Utilities (NY & NJ) 2.5 billion Amtrak (Losses & Mitigation Costs) 336 million 

NY/NJ Port Authority 2.0 billion NYC Schools 200 million 

PATH Train System (NJ) 700 million NYC Hospitals 300 million 

Table 8: Economic losses by state/region/country (Source: Various public sources; Impact Forecasting)  

Table 9: Select miscellaneous economic losses in the United States (Source: Various public sources; Impact Forecasting)  
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Insured Loss 
Impact Forecasting estimates that Sandy caused approximately USD22 billion in private insured losses in 
the United States. Of the USD22 billion, commercial losses represented 60-65% and non-commercial 
losses (residential, auto, etc.) equaled 35-40%. Commercial losses were dominated by flood and/or storm 
surge (75-80%), with wind responsible for the remaining 20-25%. The modeled losses were obtained 
using Impact Forecasting’s ELEMENTS software. 
 
According to NFIP statistics as of May 2013, NFIP policyholders had filed at least 143,000 claims. The 
three states with the highest payouts included: 
 

 New York: USD3.4 billion 
 New Jersey: USD3.3 billion 
 Connecticut: USD200 million 

 
When combining the near USD7.2 billion in NFIP payouts, the aggregate private and public U.S. insured 
loss total approaches USD30 billion. After including the minimum USD208 million in non-U.S. insured 
losses from the Bahamas and Canada, Hurricane Sandy’s overall insured impact remains USD30 billion. 

Sandy and Hurricane Deductibles 
The complexities surrounding Hurricane Sandy’s projected path, intensity and landfall were not solely 
confined to the field of meteorology. The insurance industry and their policyholders were also challenged 
by the storm’s official transition to a post-tropical cyclone despite making landfall with sustained 
hurricane-force winds of 80 mph (130 kph). The transition quickly prompted governors in eight states 
(New York, New Jersey, Connecticut, Maryland, Delaware, Pennsylvania, Rhode Island, and Maine) and 
the District of Columbia to order insurers to waive hurricane deductibles in property policies. These states 
believed that waiving the hurricane deductible would lessen some of the financial burden on property 
owners. However, some insurers opted to not comply with the order(s) based on their own underwriting 
standards. Note that North Carolina declared that hurricane deductibles would be applicable because 
Sandy was still a classified as a hurricane while the state sustained damage. 

The insurance industry became fully immersed with hurricane deductibles following 1992’s Hurricane 
Andrew, which at the time was the costliest-insured event in the industry’s history. After Andrew, 
policyholders in 18 coastal states and the District of Columbia found themselves subject to varying 
deductible amounts based on peril type. 

Specifically with the wind peril, there are two kinds of damage deductibles:  

1) Hurricane Deductibles: Apply to damage solely from hurricanes 
2) Windstorm, or Wind/Hail Deductibles: Apply to any kind of wind damage 

 
Hurricane deductibles are higher deductibles that are conditional based on damage caused by a 
hurricane. Most states allow insurance companies to determine the level of hurricane or windstorm 
deductible and when it should apply – except Florida, where state law dictates the variables. The 
hurricane deductibles can be expressed as a fixed dollar deductible or as a percentage of the insured 
value (generally between 2% and 5%). 
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There are also specific hurricane deductible requirements – or “triggers” – that need to be met for these 
policies to kick into effect. For example, in the state of Florida, insurers may impose a hurricane 
deductible for wind damage occurring from the time the National Hurricane Center issues a hurricane 
watch or warning through 72 hours after the advisory has been discontinued. Other states (such as New 
York, New Jersey, Connecticut, and Rhode Island) require that hurricane-force winds must also be 
measured by the National Weather Service in addition to the issuance of NHC hurricane watches and 
warnings. A detailed review of windstorm-related deductibles in New York indicates that most insurers 
have their own specific triggers based on time clauses, distance from the coast, and measured wind 
speed values. Some triggers require a minimum of Category 2 winds for the deductible to take effect. 
 
In the specific case of Sandy, as discussed previously in this report (pages 8 and 9), the NHC did not 
issue any tropical-based watches or warnings north of North Carolina. This was due to the expectation of 
Sandy transitioning to a non-tropical-based system prior to U.S. landfall. Because of the lack of tropical 
watches and warnings in the Mid-Atlantic and Northeast – despite Sandy making landfall with Category 1-
level wind speeds – this led to complications in how the insurance industry handled the event. 
 
Catastrophe Modeling 
From a catastrophe modeling point of view, the primary lesson from Sandy is that not every simulated 
event may trigger hurricane deductibles. This is especially true given the non-uniform and wide range of 
deductible triggers that different states require. Additionally, Sandy’s unique structural characteristics 
interacting with a near “perfect storm” of atmospheric variables made it a highly challenging storm for 
modelers who did not have a similar historical or stochastic event to replicate the storm’s size and track. 

U.S. Government Response 
In January 2013, the United States Congress passed relief and recovery funding packages for Sandy-
affected states. An initial USD9.7 billion in funding was approved to replenish the federal government’s 
flood insurance fund (NFIP) on January 4. Nearly two weeks later on January 15, an additional USD50.6 
billion in funding was approved, which was initially introduced as a USD17 billion immediate-relief bill 
before an amendment added a further USD33.6 billion with longer-term recovery in mind. 

The overall USD60.3 billion in Sandy aid approved by the U.S. Congress represented nearly 71% of the 
approximate USD85 billion that state governors requested in federal aid. Of the USD85 billion, the 
hardest-hit states of New Jersey, New York and Connecticut requested USD82 billion. 

NFIP in the Aftermath of Sandy 
Prior to the arrival of Hurricane Sandy in October 2012, the National Flood Insurance Program (NFIP) 
was already more than USD20 billion in debt. Most of that debt came in 2005, when hurricanes Katrina, 
Rita and Wilma prompted NFIP to borrow more than USD19 billion to pay its claims. 2008’s Hurricane Ike 
and 2011’s Hurricane Irene and Tropical Storm Lee would only add to that debt. After Sandy, the U.S. 
Congress passed legislation in January 2013 to increase the NFIP’s borrowing authority from USD20.8 
billion to USD30.4 billion. 

Once all of the NFIP payments are made for Sandy claims (currently estimated at USD7.2 billion), the 
NAIC Property Casualty Insurance Task Force estimates that NFIP will have a deficit of USD28 billion. 
This would leave roughly USD2.43 billion left in borrowing authority for future disasters. 
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Appendix A 
Analysis of Historical Tropical Activity in the U.S. Northeast 
While Hurricane Sandy did not officially make landfall in New Jersey as a hurricane in October 2012, the 
post-tropical cyclone did become one of the rare events to come ashore in the U.S. Northeast with 
hurricane-strength winds. 2012 became the second year in a row in which the region sustained a 
significant storm event, following a weakened Hurricane Irene’s landfall in New Jersey in 2011 as a 70-
mph (110-kph) tropical storm. At the time, it was initially thought that Irene had become the first hurricane 
to make landfall in the state since 1903, but post-storm reanalysis noted Irene had weakened to a tropical 
storm before reaching New Jersey. 
 
Historically, only a select number of hurricanes have made landfall in the U.S. north of the Delmarva 
Peninsula since official data began being kept by the National Hurricane Center in 1851. The most 
notable Northeast tropical cyclone events (including both hurricane and strong tropical storm events) in 
the last 100 years include the 1938 New England (Long Island Express) Hurricane, the 1944 Great 
Atlantic Hurricane, Hurricane Carol (1954), Hurricane Edna (1954), Hurricane Diane (1955), Hurricane 
Agnes (1972), Hurricane Gloria (1985), Hurricane Bob (1991), and Hurricane Irene (2011). 
 
Please note that the loss information in Table 10 is representative of specific storm impacts solely 
sustained in the U.S. Northeast1, and in some cases, not for the entire lifecycle of the event. The 
normalized losses are consistent with the same methodology adopted and used by the National 
Hurricane Center. 
 
The normalization methodology – based on changes to inflation, wealth, and population – was introduced 
by Pielke, Jr., R. A., Gratz, J., Landsea, C. W., Collins, D., Saunders, M., and Musulin, R. in their 2006 
paper: Normalized Hurricane Damages in the United States: 1900-2005. 

 
 
1States constituting the U.S. Northeast include: Pennsylvania, New Jersey, New York, Connecticut, Rhode Island, Massachusetts, New Hampshire, 
Vermont, and Maine 
 
2Storm losses include those to personal and commercial property, government property, infrastructure, and payments by NFIP 
 
3 Discrepancies remain between NOAA’s NHC and NCDC agencies regarding the official loss estimate for Hurricane Irene. Much of the difference is 
attributed to associated NFIP losses. The NHC cites USD15.8 billion in overall losses (USD7.2 billion in NFIP losses), while NCDC cites USD9.8 
billion. For reference, FEMA’s NFIP page only notes USD1.3 billion. For this report, the NHC totals are used.

Name Landfall and/or 
Affected Location(s) 

Storm 
Category(s) 

Actual  
Economic Loss 

(USD) 

Inflated 
Economic Loss 

(2013 USD) 

Normalized  
Economic Loss 

(2013 USD) 

1938 HU NY, CT 3, 3 306 million 5.9 billion 43.6 billion 
1944 HU NY, RI 3, 3 90 million 1.2 billion 14.7 billion 
Carol (1954) NY, CT 3, 3 460 million 4.0 billion 18.0 billion 
Edna (1954) MA 3 40 million 345 million 3.2 billion 
Diane (1955) NY TS 600 million 5.2 billion 19.2 billion 
Agnes (1972) NY TS 2.0 billion 11.1 billion 19.1 billion 
Gloria (1985) NY, CT 3, 2 800 million 1.7 billion 2.6 billion 
Bob (1991) RI 2 1.5 billion 2.5 billion 3.2 billion 
Irene (2011)3 NJ, NY TS, TS 14 billion 14.3 billion 14.5 billion 
Sandy (2012) NJ PTC 66 billion 66 billion 66 billion 

Table 10: Storm losses2 in the U.S. Northeast from select events. (Source: NHC; NCDC; Impact Forecasting) 
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Below are two maps which provide some additional information regarding tropical cyclone activity for the 
U.S. Northeast. The maps confirm that while tropical cyclones have a plausible chance to directly affect 
this region, they are not expected to penetrate the coastline with a frequency that would be regularly 
anticipated across parts of the U.S. Southeast or the Gulf Coast. The graphic on the left (below) is a map 
from the NHC which shows the return period of how frequently cyclones with hurricane-force winds are 
within 50 nautical miles (57 miles (93 kilometers)) of a particular location along the coastline. The graphic 
on the right (below) shows the total number of hurricane landfalls recorded between 1900 and 2010. 

 
According to the NHC, the most likely months for landfalling hurricanes in the Northeast are during July, 
August, September, and October. During these months, atmospheric conditions (and a heightened level 
of tropical activity) are climatologically the most conducive for cyclones wrapping around a strong Atlantic 
ridge of high pressure and/or being steered by the advancement of a strong trough in the eastern U.S. 

Hurricane Return Period in the U.S. Northeast (Source: NHC) Hurricane Landfalls in the U.S. Northeast (1900-2010) (Source: NHC) 
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Appendix B 
Progression of Hurricane Sandy’s Surface Wind Field 
At its peak, Hurricane Sandy had an exceptionally large wind field with tropical storm-force winds (>39 
mph (63 kph)) stretching 1,040 miles (1,670 kilometers) in diameter. Based on official data records of this 
kind which began by the National Hurricane Center in 1988, this makes Sandy as having the largest wind 
field for a tropical cyclone on record. 
 
The graphics below show the progression of Sandy’s wind field at each 5:00 PM EDT (21:00 UTC) NHC 
advisory update from the storm’s inception to landfall in the United States. 

 

October 22: Radius of TS Winds: 70 miles (110 kilometers) 
:Radius of HU Winds: N/A

October 23:  Radius of TS Winds: 105 miles (165 kilometers) 
: Radius of HU Winds: N/A

October 24:  Radius of TS Winds: 140 miles (220 kilometers) 
: Radius of HU Winds: 30 miles (45 kilometers) 

October 25:  Radius of TS Winds: 205 miles (335 kilometers) 
: Radius of HU Winds: 35 miles (55 kilometers) 
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October 26:  Radius of TS Winds: 275 miles (445 kilometers) 
: Radius of HU Winds: 35 miles (55 kilometers) 

October 27:  Radius of TS Winds: 520 miles (835 kilometers) 
: Radius of HU Winds: 105 miles (165 kilometers) 

October 28:  Radius of TS Winds: 520 miles (835 kilometers) 
: Radius of HU Winds: 175 miles (280 kilometers) 

October 29:  Radius of TS Winds: 485 miles (780 kilometers) 
: Radius of HU Winds: 175 miles (280 kilometers) 
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Appendix C 
Costliest Atlantic Basin and United States Hurricanes 

Atlantic Basin 

 

United States 

 

 

1 Economic losses include those sustained to residential and commercial properties, automobiles, infrastructure, electrical grids, public buildings, 
business interruption, etc. 
 
2 Insured losses include those sustained by private industry and government entities such as the U.S. National Flood Insurance Program. 
 
3 Discrepancies remain between NOAA’s NHC and NCDC agencies regarding the official loss estimate for Hurricane Irene. Much of the difference is 
attributed to associated NFIP losses. The NHC cites USD15.8 billion in overall losses (USD7.2 billion in NFIP losses), while NCDC cites USD9.8 
billion. For reference, FEMA’s NFIP page only notes USD1.3 billion. For this report, the NHC totals are used. 

Rank Storm Name Affected Locations Economic Loss1 
(2013 USD) 

Insured Loss2 
(2013 USD) 

1 HU Katrina (2005) U.S., Bahamas, Cuba 147.3 billion 78.8 billion 

2 HU Sandy (2012) U.S., Caribbean, Bahamas, Canada 72.0 billion 30.0 billion 

3 HU Andrew (1992) U.S., Bahamas 44.7 billion 25.7 billion 

4 HU Ike (2008) U.S., Caribbean 35.4 billion 16.2 billion 

5 HU Wilma (2005) U.S., Caribbean, Bahamas 33.7 billion 14.4 billion 

6 HU Ivan (2004) U.S., Caribbean 26.6 billion 12.4 billion 

7 HU Charley (2004) U.S., Caribbean 19.5 billion 9.2 billion 

8 HU Rita (2005) U.S., Caribbean 18.6 billion 7.1 billion 

9 HU Hugo (1989) U.S., Caribbean 18.1 billion 9.8 billion 

10 HU Irene (2011)3 U.S., Caribbean, Bahamas, Canada 16.3 billion 11.8 billion 

Rank Storm Name Affected Locations Economic Loss1 
(2013 USD) 

Insured Loss2 
(2013 USD) 

1 HU Katrina (2005) Southeast 147.2 billion 78.8 billion 

2 HU Sandy (2012) Eastern U.S. 68.0 billion 29.5 billion 

3 HU Andrew (1992) Florida, Louisiana 44.3 billion 25.7 billion 

4 HU Ike (2008) Texas, Midwest 31.2 billion 16.2 billion 

5 HU Wilma (2005) Florida 24.5 billion 12.4 billion 

6 HU Ivan (2004) Eastern U.S. 22.9 billion 10.6 billion 

7 HU Rita (2005) Texas, Southeast 18.6 billion 7.1 billion 

8 HU Charley (2004) Southeast 18.4 billion 9.2 billion 

9 HU Irene (2011)3 Northeast, Mid-Atlantic 16.1 billion 11.7 billion 

10 HU Hugo (1989) Southeast, Puerto Rico, Virgin Islands 15.7 billion 9.8 billion 
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Appendix D 

Glossary (Terms as defined by the National Hurricane Center) 
 
Advisory:  

Official information issued by tropical cyclone warning centers describing all tropical cyclone watches and 
warnings in effect along with details concerning tropical cyclone locations, intensity and movement, and 
precautions that should be taken. 
 

Best Track:  
A subjectively-smoothed representation of a tropical cyclone's location and intensity over its lifetime. The 
best track contains the cyclone's latitude, longitude, maximum sustained surface winds, and minimum sea-
level pressure at 6-hourly intervals. Best track positions and intensities, which are based on a post-storm 
assessment of all available data, may differ from values contained in storm advisories.  
 

Direct Hit:  
A close approach of a tropical cyclone to a particular location. For locations on the left-hand side of a tropical 
cyclone's track, a direct hit occurs when the cyclone passes to within a distance equal to the cyclone's 
radius of maximum wind. For locations on the right-hand side of the track, a direct hit occurs when the 
cyclone passes to within a distance equal to twice the radius of maximum wind.  
 

Eye:  
The roughly circular area of comparatively light winds that encompasses the center of a severe tropical 
cyclone. The eye is either completely or partially surrounded by the eyewall cloud. 
 

Eyewall / Wall Cloud:  
An organized band or ring of cumulonimbus clouds that surround the eye, or light-wind center of a tropical 
cyclone. Eyewall and wall cloud are used synonymously. 
 

Extratropical:  
A term used in advisories and tropical summaries to indicate that a cyclone has lost its "tropical" 
characteristics. The term implies both northward displacement of the cyclone and the conversion of the 
cyclone's primary energy source from the release of latent heat of condensation to baroclinic (the 
temperature contrast between warm and cold air masses) processes. Cyclones can become extratropical 
and still retain winds of hurricane or tropical storm force. 
 

Extratropical Cyclone:  
A cyclone of any intensity for which the primary energy source is baroclinic, that is, results from the 
temperature contrast between warm and cold air masses.  
 

Gale Warning:  
A warning of 1-minute sustained surface winds in the range 34 knots (39 mph (63 kph)) to 47 knots (54 mph 
(87 kph)) inclusive, either predicted or occurring and not directly associated with tropical cyclones.  
 

High Wind Warning:  
A high wind warning is defined as 1-minute average surface winds of 35 knots (40 mph (64 kph)) or greater 
lasting for 1 hour or longer, or winds gusting to 50 knots (58 mph (93 kph)) or greater regardless of duration 
that are either expected or observed over land. 

 
Hurricane:  

A tropical cyclone in which the maximum sustained surface wind (using the U.S. 1-minute average) is 64 
knots (74 mph (119 kph) or more. 
 



 

Impact Forecasting | Hurricane Sandy Event Recap Report 47 

Hurricane Warning:  
An announcement that hurricane conditions (sustained winds of 74 mph (119 kph) or higher) are expected 
somewhere within the specified area of a tropical, subtropical or post-tropical cyclone. The warning can 
remain in effect when high water or a combination of high water and waves continue, even though winds 
may be less than hurricane-force. 
 

Hurricane Watch:  
An announcement that hurricane conditions (sustained winds of 74 mph (119 kph) or higher) are possible 
within the specified area of a tropical, subtropical or post-tropical cyclone.  
 

Indirect Hit:  
Generally refers to locations that do not experience a direct hit from a tropical cyclone, but do experience 
hurricane force winds (either sustained or gusts) or tides of at least 4.0 feet above normal.  
 

Inundation:  
The total water level that occurs on normally dry ground as a result of the storm tide, and is expressed in 
terms of height above ground level.  

 
Invest:  

A weather system for which a tropical cyclone forecast center is interested in collecting specialized data sets 
and/or running model guidance. The designation of a system as an invest does not correspond to any 
particular likelihood of development of the system into a tropical cyclone.  
 

Landfall:  
The intersection of the surface center of a tropical cyclone with a coastline. Because the strongest winds in a 
tropical cyclone are not located precisely at the center, it is possible for a cyclone's strongest winds to be 
experienced over land even if landfall does not occur. Similarly, it is possible for a tropical cyclone to make 
landfall and have its strongest winds remain over the water.  
 

Major Hurricane:  
A hurricane that is classified as Category 3 or higher on the Saffir-Simpson Hurricane Wind Scale.  
 

Post-Tropical Cyclone:  
This term describes a cyclone that no longer possesses sufficient tropical characteristics to be considered a 
tropical cyclone. Post-tropical cyclones can continue carrying heavy rains and high winds. Former tropical 
cyclones that have become fully extratropical or remnant lows are two classes of post-tropical cyclones.  
 

Radius of Maximum Winds:  
The distance from the center of a tropical cyclone to the location of the cyclone's maximum winds. In well-
developed hurricanes, the radius of maximum winds is generally found at the inner edge of the eyewall.  
 

Rapid Intensification:  
An increase in the maximum sustained winds of a tropical cyclone of at least 30 knots (35 mph (55 kph)) in a 
24-hour period.  
 

Remnant Low:  
A post-tropical cyclone that no longer possesses the convective organization required of a tropical cyclone, 
and has maximum sustained winds of less than 34 knots (39 mph (63 kph)).  
 

Storm Surge:  
An abnormal rise in sea level accompanying a hurricane or other intense storm, and whose height is the 
difference between the observed level of the sea surface and the level that would have occurred in the 
absence of the cyclone. Storm surge is usually estimated by subtracting the normal or astronomic high tide 
from the observed storm tide. 
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Storm Tide:  

The actual level of sea water resulting from the astronomic tide combined with the storm surge.  
 

Storm Warning:  
A warning of 1-minute sustained surface winds of 48 knots (55 mph (88 kph)) or greater, either predicted or 
occurring, not directly associated with tropical cyclones. 
 

Subtropical Cyclone:  
A non-frontal low-pressure system that has characteristics of both tropical and extratropical cyclones. Like 
tropical cyclones, they are non-frontal, synoptic-scale cyclones that originate over tropical or subtropical 
waters, and have a closed surface wind circulation with a well-defined center. Unlike tropical cyclones, 
subtropical cyclones derive a significant proportion of their energy from baroclinic sources, and are generally 
cold-core in the upper troposphere, often being associated with an upper-level low or trough. In comparison 
to tropical cyclones, these systems generally have a radius of maximum winds occurring relatively far from 
the center and generally have a less symmetric wind field and distribution of convection.  
 

Subtropical Depression:  
A subtropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute 
average) is 33 knots (38 mph (62 kph)) or less. 
 

Subtropical Storm:  
A subtropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute 
average) is 34 knots (39 mph (63 kph)) or more. 
 

Tropical Cyclone:  
A warm-core non-frontal synoptic-scale cyclone, originating over tropical or subtropical waters, with 
organized deep convection and a closed surface wind circulation about a well-defined center. Once formed, 
a tropical cyclone is maintained by the extraction of heat energy from the ocean at high temperature and 
heat export at the low temperatures of the upper troposphere. 
 

Tropical Depression:  
A tropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute average) is 
33 knots (38 mph (62 kph)) or less. 
 

Tropical Disturbance:  
A discrete tropical weather system of apparently organized convection originating in the tropics or 
subtropics, having a non-frontal migratory character, and maintaining its identity for 24 hours or more.  
 

Tropical Storm:  
A tropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute average) 
ranges from 34 knots (39 mph (63 kph)) to 63 knots (73 mph (118 kph)). 
 

Tropical Storm Warning:  
An announcement that tropical storm conditions (sustained winds of 39 to 73 mph) are expected somewhere 
within the specified area within 36 hours in association with a tropical, subtropical or post-tropical cyclone.  
 

Tropical Storm Watch:  
An announcement that tropical storm conditions (sustained winds of 39 to 73 mph) are possible within the 
specified area within 48 hours in association with a tropical, subtropical or post-tropical cyclone.  
 

Tropical Wave:  
A trough or cyclonic curvature maximum in the trade-wind easterlies. The wave may reach maximum 
amplitude in the lower middle troposphere. 
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