SUMMARY OF 2012 ATLANTIC TROPICAL CYCLONE ACTIVITY AND
VERIFICATION OF AUTHORS ' SEASONAL AND TWO-WEEK FORECASTS

The 2.2 hurricane seasomad more activity than predicted in our seasonal forecdsts
was notabledr having a very large number of ake high latitudetropical cyclones but
only one major hurricaneThe activity that occurred in 2012 was anomalously
concentrated in the northeast subtropical Atlaniithile Superstorm Sandy caused
massivedevastation along parts of the mAdantic andNortheast coast, its destruction
was viewed to bwiithin the realm of natural variability.
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ATLANTIC BASIN SEASONAL HURRICANE FORECASTS FOR 2@

Forecast Parameter and8192010 Median 4 April 2012 Update Update Observed| % of 198%
(in parentheses) 1 June 202 | 3 Aug 202 | 2012 Total | 2010 Median
Named Storms (NSJL@.0) 10 13 14 19 158%
Named Storm Days (NSD$Q.1) 40 50 52 99.50 166%
Hurricanes (H) §.5) 4 5 6 10 154%
Hurricane [ays (HD) (4.3 16 18 20 26.00 122%
Major Hurricanes (MH) (2) 2 2 2 1 50%
Major Hurricane Days (MHD)3.9) 3 4 5 0.25 6%
Accumulated Cyclone Energy (ACE2) 70 80 99 129 140%
Net Tropical Cyclone Activity (NTC) (18%) 75 90 105 121 1176

1981-2010 Median

Observed 2012 ACE

% of 19812010

(in parentheses) Value Median
ACE South of 25N37) 36 97%

ACE North of 25N(56) 93 166%
ACE East of 65W(52) 90 173%
ACE West of 65W(39) 39 100%
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ABSTRACT

This report summarizes tropical cyclone (TC) activity which occurred in the
Atlantic basinduring22and ver i fi es tAilanticand Cdriltbean 6 s easona
basinforecasts Also veified are arOctoberNovemberCaribbearonly forecast andix
two-weekAtlantic basinforecastsluring the peak months of the hurricane sedisan
were primarily based on thghase of thiMaddenJulian Oscillation (MJQ)

Our firstquantitativeseasonlaforecast for 2012 was issued 4pril with
updatedollowing on 1 Juneand3 August. Theeseasonal forecasts also contained
estimates of the probability of U.&nd Caribbeahurricane landfall during 2.

The 2012 hurricane season was one ohtbst unusual seasons on record in
terms of its very high frequenof weaker cyclones in combination with the almost
completdack of major hurricane activity. The formation and tracking of TCs in 2012
was also highly anomalou®ur Atlantic basin seasal hurricane forecasts predictad a
approximately averageurricane season. \Wggnificantly underpredicted named storms
and named storm dayshile we overpredicted more intense hurricane activaythe
entire Atlanticbasin.

We issued six consative twoweek forecastsuting thepeak months of the
Atlantic hurricane season froAugustOctober. These forecastereprimarily based on
predicted activity by the global forecast modaisithe phase of the Maddehulian
Oscillation(MJO). These tweweek forecasts wemguite accurate this yearOur
OctoberNovember Caribbean basamly forecast successfully predictagproximately
average activity for the final two monthstbe season in the Caribbean.

Integrated measures such as Net Tropical @y&NTC) activity and
Accumulated Cyclone Energy (ACE) were at abaverage levelsMost hurricane
activity in 2012 was concentrated in the drdpics. It appears that anomalous sinking
motion at midlevels in the atmosphere was the primary reason20iy was not more
activein the tropics The anticipated El Nifio discussed in the seasonal forecasts did not
develop apredictal for a number of reasons

Superstorm Sandyas a very atypical system that caused some of the most
economic damage eversagiated with a single storm in Utsstory. Its destruction was
the result of @ombination of a midatitude cyclone and tropical cyclone whose
northwesterly track brought major flooding to the New York City and New Jersey coastal
areas. Although extresly rare, these types of TCs are well within natural variability,
and should not be attributed to increases in humamnced greenhouse gasd@dis
verification contains an extensive wril@ of Sandy.



DEFINITIONS AND ACRONYMS

Accumulated Cyclone Engy (ACE)-A measure of a named stormds potential for wi
square of a named st or hda foreach anaumperiad ohitd existgneee The 1985000 adefage value of this
parameter is 96 for the Atlantic basin.

Atlantic Multi-Decadal Oscillation (AMOj A mode of natural variability that occurs in the North Atlantic Ocean and evidencing itself in
fluctuations in sea surface temperature and sea level pressure fields. This A related to fluctuations in the strength of the oceanic
thermohaline circulation. Although several definitions of the AMO are currently used in the literature, we define thesat¥iGntidorth
Atlantic sea surface temperatures fromGBON, 1050°W.

Atlantic Basini The area including the entire North Atlantic Ocean, the Caribbean Sea, and the Gulf of Mexico.

El Nifioi A 12-18 month period during which anomalously warm sea surface temperatures occur in the eastern half of the equatorial Pacifi
Moderate or strong El Nifio events occur irregularly, about once evepears on average.

Hurricane (H)- A tropical cyclone with sustained lelevel winds of 74 miles per hour (33 ther 64 knots) or greater.

Hurricane Day (HD} A measure ohurricane activity, one unit of which occurs as fodrdir periods during which a tropical cyclone is
observed or is estimated to have hurricoree winds.

Indian Ocean Dipole (IOD)Anirregular oscillation of sea surface temperatiretween the wesrn and eastern tropical Indian Ocean. A
positive phase of the 10D occurs when the western Indian Ocaabrisalously warnsompared wittthe eastern Indian Ocean.

Madden Julian OscillatiotMJO)i A globally propagating mode of tropical atmosphericaisieasonal variability. The wave tends to
propagate eastward at approximately 5heircling the globe in roughly 480 days.

Main Development Region (MDR)AnN area in the tropical Atlantic where a majority of major hurricanes form, which we dsfig a
22.5N, 20-75°W.

Major Hurricane (MH) A hurricane which reaches a sustained-level wind of at least 111 mph (96 knots or 50%r&t some point in its
lifetime. This constitutes a category 3 or higher on the Saffir/Simpson scale.

Major Huriicane Day (MHD) Four 6hour periods during which a hurricane has an intensity of Saffir/Simpson category 3 or higher.

Multivariate ENSO Index (MEIj An index defining ENSO that takes into account tropical Pacific sea surface temperatures, sea level
pressures, zonal and meridional winds and cloudiness.

Named Storm (NS)A hurricane, a tropical storm or a strbpical storm.

Named Storm Day (NSDB)As in HD but for four 8hour periods during which a tropical or swbpical cyclone is observed (oréstimated)
to have attained tropical stofforce winds.

Net Tropical Cyclone (NTC) Activity Average seasonal percentage mean of NS, NSD, H, HD, MH, MHD. Gives overall indication of
Atlantic basin seasonal hurricane activity. The 22600 average Vae of this parameter is 100.

Saffir/Simpson Scalé A measurement scale ranging from 1 to 5 of hurricane wind and ocean surge intensity. One is a weak hurricane;
whereas, five is the most intense hurricane.

Southern Oscillation Index (SQOT)A normalizd measure of the surface pressure difference between Tahiti and Darwin. Low values typically
indicate El Nifio conditions.

Sea Surface Temperatur&ST

Sea Surface Temperature AnomalgSTA

Thermohaline Circulation (THQ) A largescale circulationni the Atlantic Ocean that is driven by fluctuations in salinity and temperature.
When the THC is stronger than normal, the AMO tends to be in its warm (or positive) phase, and more Atlantic hurricaheftygpic

Tropical Cyclone (TC}) A large-scalecircular flow occurring within the tropics and subtropics which has its strongest winds at low levels;
including hurricanes, tropical storms and other weaker rotating vortices.

Tropical North Atlantic (TNA) indeX A measure of sea surface temperaturebé area from 5:33.5°N, 1557.5°W.

Tropical Storm (TS} A tropical cyclone with maximum sustained winds between 39 mph (Z&n®4 knots) and 73 mph (32 ther 63
knots).

Vertical Wind Sheaf The difference in horizontal wind between 200 mip(agimately 40000 feet or 12 km) and 850 mb (approximately
5000 feet or 1.6 km).

1 knot = 1.15 miles per hour = 0.515 meters per second
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Major Highlights of 2012

A. Unusual TC Activity Location

One of the major characteristics of the 2012 Atahtirricane season was the highly

the tracks of all of the TCs

in 2012. The black box indicates an area where six of the ten hurricanes that formed in
2012 had their entire lifespan. This mgiroughly encompasses the region north of 25°N
and east of 65°WThe more traditional Main Development Region {Z55°N, 75

anomalous tropical cyclone (TC) activity. Figukeadisplays

20°W) had activity at slightly belowaverage levels.
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FigureA: Tracks of 2012 Atlantic basin hurricane season TCs, witeuh#&opical

northeast Atlantic highlighted in the black box.

The Accumulated Cyclone Energy (ACE) metric is often

were 1986 (63%and 1976 (73%).

used to evaluate total TC
activity for the seasonln 2012, 71 out of 129 seasonal ACE units (55%) were generated
in this region(north of25°N, east of 65°W)Based on historical data over the period

from 19562011, about 25% of ACE in a season is typically generated in this rebien.

only years with a higher percentage of seasonal ACE generated in this region than 2012




Activity in the northeast subtropical Atlantigas likely to be significantly

underestimated prior to the eras of satellite and aircraft reconnaissance. For example,
1933, which was one of the most active seasons on rdwtdery litle observed

activity in this region (Figur®), likely due to lack of any satellite measurements at this
time.
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FigureB: Tracks of TCs in 1933. Note that very little activity occurred in the region
north of 25°N and east of 65°W in that year.

See Section &or a more detailed discussionwhy we believe that TC activity occurred
in the regions that it did this year.

B. Hurricane/Superstorm Sandy

The most notable TC of the 2012 Atlantic hurricane season was Hurricane/Superstorm
Sandy, which dvastated parts of the East Coast in late October (Fijuk&hile

damage is still being estimated, this systeaa the potential to be the most economically
destructivestormthe United StatelBas ever hgdwith total economic damagxpected to
exceedb100 billion dollas. Sandy's path of destruction extended from the Caribbean to
the United States, with nearly 200 fatalities blamed on the system.



FigureC: Track of Hurricane Sandy. Figure courtesy of Unisys Weather. The red line
indicates when Saly was a hurricane, the yellow line indicates when Sandy was a
tropical storm, while the green line indicates the system was a tropical depression.

One of the most impressive features of Hurricane Sandy was the sheer size of the system.
While Sandy'sandfall intensity of approximately 65 knots was not redomebking,

tropical stormforce wind radii extended out nearly 500 miles from the center. Fure
displays visible satellite imagery near the point of Hurricane Sandy's landfall. Note how
largeis the area of cloudiness generated by the system.



FigureD: Visible satellite image of Hurricane Sandy a few hours before landfall.

FigureE, courtesy of the National Hurricane Center, shows how large the area of tropical
stormforce winds associated with Sandy was as it approached the southern New Jersey
coast. Tropical storfforce winds extended from South Carolina to Maine!



Surface Wind Fiel
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- Sustained Winds as of 500 PM EDT

on Oct 29, 2012  Advisory Nxmber 30
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Watches: Warnings: Sustained Winds: Position:
Hurricane Watch Bl Hurricane Warning Il Hurricane Force ¢ Center as of 500 PM EDT
Tropical Storm Watch Il Tropical Storm Warning [ Tropical Storm Force == Past Track

FigureE: Area of tropical storrforce winds associated with Hurricane Sandy as it
approached the southern New Jersey coast.

One method of calcating total storm intensity is to evaluate Integrated Kinetic Energy
(IKE). Colleague Brian McNoldy has recently made calculations for various United
States landfalling systems, and Sandy's IKE is second only to that of Hurricane Isabel
(2003)at landfall(FigureF). Isabel made landfall at a much less vulnerable and
populated location than Sandifull documentation of IKE calculations is available in
Powell and Reinhold (2007).
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Integrated Kinetic Energy and Intensity at Landfall
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FigureF: Integrated kinetic energy for various TCs at United States landfall. Note the
large IKE of Sandy, even larger than that associated with Hurricane Kaitimaugh
Katrina's central pressure was mumWver. Figure courtesy of Brian McNoldy.

The forecasts for Hurricane Sandy were remarkably accurate several days in advance.
This is especially impressive, given the highly anomalous track that the TC took as it
approached the coast. Fig@dalisplays the official forecast from the Natiorntdurricane
Center on Thursday, October @&er four days before it officially made landfall
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MNote: The cone contains the probable path of the storm center but does not show

the size of the storm. Hazardous conditions can occur outside of the cone.

Hurricane Sandy Current Information: @& Forecast Positions:

Thursday October 25, 2012 Center Location22.4N 755 W @ Tropical Cyclone (O Post-Tropical

11 AM EDT Advisory 13 tax Sustained Wind 105 mph Sustained Winds: D <39 mph

NWS Mational Hurricane Center Mowvement M at 16 mph S 39-73 mph H 74-110 mph M = 110mph
Potential Track Area: Watches: Warnings:

El Day1-3 f-€C Day45 Hurricane Trop.Storm I Hurricane [ Trop.Storm

FigureG: National Hurricane Center official forecast of Hurricane Sassyed on
Thursday, October 25, four days before landfall.

The various global model guidance did a very successful job of forecasting Sandy as
well. As an example, here is adgast from the Global Forecast System (GFS) model
for Sandy fronOctober 25 for landfall. Note how large the TC is predicted i@-igeire
H).

12



FigureH: Numericalforecast from th&sFSmodel fromThursday, October 2%ndicating
a large hybrid TC pproaching the mid\tlantic/Northeast United Statése days in the
future This was a remarkably accurate forecast.
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