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PREFACE

Hurricanes are one of natusefbst destrupte forces. Because more than half the pojarat
lives along the narrow coastahige of the U.S., ith many iving along the coasts fromexas to Mane,
thereis tremendous potdat for loss of ife and property should a higane©path pass through a
heavly populated areal'hus,it isimperaive to understand the meclsms assaated wth huricane
formaion and movement, espally as related to ohate change and global wang, with the am of
improving forecasts both for the short term and the long term.

Since 1995, there has been a mairkerdeasen the number of trapal cyclones fornmgin
the NorthAtlantic basn, with the 2005 season hag the Ighest number of storms on recordfogfs
to accurately pradt the well above-average 2005 season and the near average 2006 season, proved
extremely difpcult howevethus lending support to the Biblical adage:

Oand | saw every work of God, | concluded that man caisemiver the work wich has been done
under the sun. Even though man should seekilalxly, he wlil not discover; and though theise man
should sayOl knowd he cannoistoverO

Ecclesastes 8:1TNewAmerican Standard iBle)
While true,it isimportant to conhue predcting the expected awtty for the next huicane
season, so that the pittan be alerted to the potetfor damage and loss aofd that always

exists should a huicane formn the NorthAtlantic basn. Itis to ths end that is NASATechrcal
Pubicaton has been witen.
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TECHNICAL PUBLICATION

STATISTICAL ASPECTS OFTHE NORTH ATLANTIC BASIN TROPICAL CYCLONES:
TRENDS, NATURAL VARIABILITY ,AND GLOBAL WARMING

1. INTRODUCTION

A tropical cycloneis a nonfrontalsynoptc-scalelow-pressuresystemthat forms over the warm
tropical or subtropcal waters(at least26.5C or 80 jF) andthathasorgarizedconveciton andcyclonc
surfacewind circulaion 12 Whensustanedwindsarebelow 34 kt, (61 km/hr or 39 mph), it is referred
to asa tropical depressn, while whenits sustanedwindsare” 34 kt it becomesa tropical cycloneor
tropical storm.Whenwindsareat least64 kt (119 km/hr or 74 mph),it is a hurricane(or typhoonin the
NorthwestPaciPcOceanor severdropical cyclonein the SouthwesPacibPcOceanand Southeasindian
Ocean),andwhenwinds areat least96 kt (178 km/hr or 111 mph), it becomeslassiPedasanintense
or major hurricane Intenseor major hurricanesarethoseclassibpedscategory3 or higheron the Safbr
SimpsonHurricaneScale,a onethroughbveintensity scaleusedto estimatepotentialpropertydamage
(<http://www.nhc.noaa.gov/aboutsshs.shtin

A tropical cyclonedeiivesits enegy primaily from the evaporaion of waterfrom the oceanand
theassocatedcondensaon in the convecive cloudsnearits centerof circulaion. A charactesstc of the
tropical cycloneisits warm corestructurethat producessery strongwindsnearthe surfacecausng high
storm suge, Rooding, and coastal erosion through wave action.

Owing to the routine use of arcraft reconnaissance and continuous satellite viewing, from the 1960s,
the North Atlantic basin (including the North Atlantic Ocean, the Gulf of Mexico, and the Caribbean Sea)
has the most complete and reliable record of tropical cyclonic activity, extending from the mid-1940s to the
present.38* |t is this record, available at <http://www.nhc.noaa.gov/tracks1851t02005 _atl.txt>, that will be
examined in this NASA Technical Publication (TP).

Prevous exaninaion of the numberof North Atlantic basn tropical cycloneshas revealed
considerable yto-yr variability, with little evidence fothe presencef a signibcantrendl#In contrast,
intensecyclones(major hurricanes)haveexhbited a pronounceddlownwardtrend from the mid-1940s
throughthe early 1990s,althoughcloseinspecion suggestghat the changeover time may have been
somewhamoreabruptthana simplelineardecreaséP6Additionally, a decreasen the meanintensty of
the North Atlantic basn tropical cycloneshasbeenseen althoughthe maximumintensty reachedn any
singleyr hasshownno apprecablechange® Thevery acive mid-to-late1990ssuggests returnto amore
acive statethanwasseenduring the 1970sand1980s/ -8 Hence thesebehavoral change®vertime may
ref3ecta naturalvariability of multidecadatimescaleand/or perhapsan increasedsensitivity to recent
global warning 9936



This study examnesthe 1945D2005\orth Atlantic basn tropical cyclonerecord, paricularly
the statstics of the storm trendsincludng number peak wind speed(PWS), lowest pressure(LP),
duraton (D), and parametrinterrelatonshpsincludng those agast global temperature.



2. RESULTS AND DISCUSSION

2.1 The Frequency of Occurence and Statistics of the NortiAtlantic Basin
Tropical Cyclones (1945E2005)

Figure 1l (panela) displaysthe yearly numberof storms(NS) with sustanedwind speed(WS)
" 34 kt thatformedin the North Atlantic basn betweenl945and2005,some646 eventsThethin jagged
lineistheyearlycountandthethick smoothlineisthe 10-yrmoving averageBetweenl945and2005the
average\S peryr (thin horizontalline) measure40.6with a standarddeviation (sd) of 3.9andarange
of 4 (in 1983)to 28 (in 2005).Prior to 1995,thehhighestNS peryr occurredn 1969(18 events)All years
from 1995,exceptl 997, havehadyearly countshigherthanthe mean(i), with 2005having 28 eventsN
the highestnumberever recorded.Comparedto the long-termmean,the 2005 countis about4.5 sd
higher The 10-yr moving averagerel3ectsthe generaltrend, which hasbeenupwardsinceabout1989,
beconing largerthanthemeanin 1992,andmeasuing about14.4in 2000(thelastentry).While boththe
NS meanandsd for themostrecentyearsg(1975D20053relargerthanthemeanandsd for theearieryears
(1945D1974)peng 11.3ascomparedo 9.9 (m) and4.7 ascomparedo 2.8 (sd), hypothesstesing of the
differencein meandor thetwo independensamplef NS revealsthatthe differenceis not statstically
important(r=1.407,or at <90-percentonbdencdevel (cl) for the given samplesizes).However if one
presumeshe existenceof moreacive (1945D196and1995D2005seein the discusgon of panelscbe)
andlessacive intervals(1970D1994thenhypothess tesing suggestshatthe differencein meang11.5
versus9.3)is statstically important(r=2.223,0r at ¢/ " 95 percentfor the givensamplesizes).Compared
to the meannumberof eventsfor the moreacive interval,the 28 eventsfor 2005is about3.6 sd highet
Hence, 2005 stands out as a most unusyaksyeally for NS.

Figure 1 (panel b) displays the number of hurricanes (NH) with sustained WS " 64 kt that formed
in the North Atlantic basin between 1945 and 2005, some 376 events. The format follows that for NS. The
long-term mean equals 6.2, the sd equals 2.6, and the range equals 2 (1982) to 15 (2005). The trend has
been upward since about 1989, becoming larger than the mean in 1994 and measuring 8.0 in 2000. As seen
for NS, the mean and sd of NH for the most recent years are larger than for the earlier years, being 6.4 as
compared to 6.0 (i) and 2.9 as compared to 2.3 (sd), yet the difference in meansis not statistically important
(~=0.596). However, as before, by presuming the existence of more active and less active intervals the
difference in means (6.9 versus 5.0) is Statistically important (#/=3.023, or at ¢/ " 99.5 percent for the given
sample sizes). Compared to the long-term mean, the 15 events for 2005 is about 3.4 sd higher, while being
about 2.9 sd higher when compared against the mean for the more active interval.

Figure 1 (pand c) displays the number of major hurricanes (NMH) with sustained WS " 96 kt that
formed in the North Atlantic basin between 1945 and 2005, some 162 events. Again, the format follows
that for NS and NH. The long-term mean equals 2.7, the sd equals 1.9, and the range equals O (in 1968,
1972, 1986, and 1994) to 8 (1950). The behavior of the 10-yr moving average suggests that the NMH
has decreased from a predominantly more active interval in the 1950s and 1960s to a predominantly less
active interva in the 1970s and 1980s. Since the mid-1990s, however, it has increased again to another
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predominantly more active interval, although the yearly values have not, as yet, exceeded that which was
seen in the former more active interval. Using the same dates as previoudly used for NS and NH to debne
the more active and less active intervals, hypothesis testing reveals the difference in means (3.4 versus 1.5)
to be statistically very important (¢1=4.440, or at ¢/" 99.9 percent for the given sample sizes). Compared to
the long-term mean, the seven events for 2005 is about 2.3 sd higher, while being only about 1.8 sd higher
when compared against the mean for the more active interval.

Figure 1 (panel d) displays the number of U.S. landfalling hurricanes (NUSLFH) that occurred
between 1945 and 2005, some 104 events, of which 41 struck as major hurricanes. As before, the format
followsthat for NS, NH, and NMH. The long-term mean equals 1.6, the sd equals 1.4, and the range equals O
(in1951, 1962, 1973, 1978, 1981, 1982, 1990, 1994, 2000, and 2001) to 6 (2005). Interestingly, the behavior
of the 10-yr moving average seemsto mimic the behavior of the NMH, with more landfalls during the 1950s
and 1960s, reaching alow in the 1970s and 1980s, and then increasing again afterwards to values above the
long-term mean in the late 1990s. Compared to the long-term mean, the six events for 2005 is about 2.9 sd
higher, while being about 2.7 sd higher when compared against the mean for the more active interval.
(Predicting the NUSLFH in advance of a season, especially the states where landfall occurs, is somewhat
foolhardy because one cannot reliably predict the path for any specibc storm without Prst knowing exactly
the specibc climatology that is being encountered at that time).

Figure 1 (panel €) displays the number of category 4 and/or 5 hurricanes (N4/5) that formed in
the North Atlantic basin between 1945 and 2005, some 88 events, of which 45 became U.S. landfalling
hurricanes and 9 struck as a category 4 or 5 storm. The long-term mean equals 1.4, the sd equals 1.2, and the
rangeis 0 (in 1962, 1968, 1970, 1972, 1973, 1976, 1983, 1986, 1987, 1990, 1993, 1994, and 1997) to 5 (in
1999 and 2005). Thetrend has been upward since 1990, rising above thelong-term mean in 1995. Compared
to thelong-term mean, the Pve eventsfor 2005 are about 3.0 sd higher, while being about 2.4 sd higher when
compared against the mean for the more active interval.

Also shown in figure 1 (panel a above the NS plot) is aseries of filled and unfilled triangles
representing, respectively, the occurrences of El Ni—o (EN) and La Ni—a (LN) years as determined
using the best ENSO Index developed by Catherine Smith and Prashant Sardeshmukh (available at
http://www.cdc.noaa.gov/peopl e/cathy.smith/best/).37 This particular series combines the effects of
both an atmospheric process, the southern oscillation index (SOI) with an oceanic process, the sea
surfacetemperaturgSST),for Ni—o0 3.4 (5ND5Sand120D170W)In paricular, Smith andSardeshmukh
havegenerate@tableof monthlyvaluesfrom 1871to 20050f 5-morunnng meansexpressethy aseres
of Os(neutral),1s(El Ni—0),andb1gLa Ni—a).In thisTP, ayr is calledanEl Ni—oyr whenit hasatleast
threeconsecuwe 1soccuring in theintervalof MarchbNovembesinda La Ni—ayr whenit hasat least
threeconsecuve D1soccuring in theintervalof MarchbNovembeihus,on the bass of this paricular
series,thereare eight El Ni—o years(1965,1972,1982,1983,1987,1992,1997,and 2002) and bve
La Ni—ayears(1950,1955,1973,1975and 1988) between1945and 2005. 1t shouldbe notedthatthe
list presentedere,basedon the Smith-Sardeshmukkeies,hasfewer eventsascomparedo otherless
restictive lisings; see, for examplettp://ggweathecom/enso/years.im

Interesingly, threeEl Ni—oeventsarefoundto occurduringthepresumeanoreaciveintervaland
Pveduringthelessactiveinterval,while two La Ni—aeventsarefoundto occurduringthebrstmoreactive
interval (none,asyet, during the currentmore actve interval) andthreeduring the lessacive interval.



Hence theoccurrencesf El Ni—o andLa Ni—aeventsoccurindependentlpf theongdng acivity level

(moreversudess)presumedo bemodulatngtheNorthAtlantic basn tropicalcyclonesBasednthelist

of El Ni—oandLa Ni—aeventsEl Ni—o eventshaveoccurredon averageaboutevery5 yr, having ansd

of about3 yr, andarangeof 1D10yr, with thelastEl Ni—o having occurredn 2002,andLa Ni—aevents
haveoccurredponaverageaboutevery10yr, having ansd of about7 yr, andarangeof 2D18yr, with the

last La N—a havng occurredn 1988.

It is apparent from Pgure 1 that El Ni—o years generally associate with depressed tropical cyclone
activity in the North Atlantic basin, especially as compared to La Ni—a years. For the eight El Ni—o years,
the mean, sd, and range for NS are, respectively, 7.1, 2.3, and 6B12; for NH 3.3, 0.7, and 2B4; for NMH 1.0,
0.5, and OER; for NUSLFH 0.9, 0.4, and 0OBL; and for N4/5 0.5, 0.5, and OBEL. For the bve La Ni—a years,
the mean, sd, and range for NS are, respectively, 10.8, 2.2, and 8B13; for NH 7.2, 2.8, and 4B11; for NMH
4.2, 2.8, and 188; for NUSLFH 1.6, 1.3, and OEB; and for N4/5 1.8, 1.3, and OEB. The differencein meansis
statistically important for all subgroups except for NUSLFH. Thus, knowing in advance that a season will
be characterized as an El Ni—o yr, one probably would forecast seasonal counts for the various subgroups
less than or equal to their long-term averages. On the other hand, knowing in advance that a season will be
characterized asanon-El Ni—o yr (either aneutral yr or aLaNi—ayr), one probably would forecast seasonal
counts for the various subgroups of either average or above average size, dependent upon the specibc level
of activity (more versus less) currently in vogue. Unfortunately, a season like the 2005 season would be
nearly impossible to accurately predict on the basis of such asimple statistical climatology.

Table 1 gives5-yr countsfor NS, NH, NMH, NUSLFH/NMH, N4/5, and N(LP <925 mb) for
1945D2004yherethetermN(LP <925mb)is thenumberof sucheventghatoccurredduringthespecibc
5-yr interval,alongwith the namesof the storms.The countsfor 2005are also given for comparson.
At the bottom of the table are the medan, mean,and sd for eachsubgroupand for the two separate
timeintervals,1945D1994nd 1945D20040n the bass of the twelve 5-yr intervalsduring the spanof
1945D20049nebndsthat,on averagetherewere51.5NS,30.1NH, 12.9NMH, 8.2NUSLFH (with 3.0
strikingasmajorhurricanes)6.9N4/5,and1.3N(LP <925mb). Because¢he 2005countsarequite large,
being respeatvely 28,15, 7, 6/4,5, and3, it might be thatthis is anindicaion thatthe nextinterval of
2005D200%vill possbly seecountsthatwill exceedherecordandnearrecordintervalsthatwereseen
in 1995D1999 and 2000D2004.

Table 2 givesthe monthly frequencyof occurrencdor the aforemenbnedsubgroupsFor NS,
everymonthexceptMarch hasseenthe formaion of at leastonetropical cyclonein the North Atlantic
basn during theintervalof 1945D2005yith Septemberepresenng the peak(about34 percentof the
total) andAugustbOctobeaccountingor about78 percenpf thetotal. Novemberthelastofbcialmonth
of a hurncaneseasonpccountdor about5 percentof the total, and JunebJulythe openng monthsof
the ofpcial hurricaneseasonjccountfor about14 percentof the total. For NH and NMH, September
accountsfor about39 and 52 percentof the totals, respedtvely, and DecemberbDAjpir have either no
occurrencedNMH) or only a few occurrence§NH=3). For NUSLFH, none have occurredduring
the spanof DecemberbMayasis the casefor N4/5. The most powerful North Atlantic basn tropical
cyclonesN(LP <925mb)occurredexclusvely in the spanof AugustbOctobeinteresingly, only oneof
these Andrew occurredduring anEl Ni—oyr andtwo, JanetandGilbert, occurredduring La Ni—ayears.
Hence thebulk of the mostpowerful storms(15 of 18 events)occurredduring ENSO-neutralears.For
the El Ni—o andLa Ni—ayearsin table 2, the subgroupNUSLFH displaystwo setsof numbersfor the



Table 1. kve-yr staistics of NorthAtlantic basn tropcal cyclones.

NUSLFH/

5-Yr Interval NS NH | NMH NMH | N4/5 N (LP<925 mb)
194591949 48 26 13 13/4 8 |0
195001954 55 39 22 10/5 8 |0
1955D1959 49 30 17 o/5 9 | 1 (anet)
196001964 44 28 18 8/3 11 | 1 (Hattie)
196501969 51 34 10 713 4 | 2 (Beulah, Camille)
1970D1974 49 22 6 6/2 2 |o
197591979 46 28 10 6/2 6 | 1(David)
198001984 46 26 8 32 4 | 1(Allen)
198501989 47 27 9 13/3 6 | 3 (Gloria, Gilbert, Hufo)
199001994 44 23 5 312 2 | 1 (Andrew)
199591999 66 41 19 11/3 12 | 3 (Opal, Mitch, Floyd)
200002004 73 37 18 /3 11 | 2 (Isabel, lvan)
200502009 28 | (15 | @ 6/4) | (5) | (3) (Katrina, Rita, Wilfha)
Median (1945D1994%7.5 | 27.5 | 10.0 | 7.5/3.0 | 6.0 1.0
m(1945D1994) | 47.9 | 283 | 11.8 | 7.8/31 | 6.0 1.0
sd (1945D01994) 33| 51 | 56 | 36/1.2 | 30 0.9
Median (19459200485 | 28.0 | 11.5 | 85/3.0 | 7.0 1.0
m(1945D2004) | 515 | 30.1 | 12.9 | 82/3.0 | 6.9 1.3
sd (1945D2004) 91 | 62 | 57 | 3411 | 35 1.1

months the bPrstbeingthe actualnumberof sucheventsandthe secondeingthe numberof suchevents
that struck as major hucanes.

Figure 2 displaysthe yearly vanation of the averagegeness locaion (GL) of the North Atlantic
basintropical cyclones(N latitude,left panels;W longituderight panels) whenthe stormsprstattained
tropicalWS (bottompanels) andwhenthey brstattairedhurricané/VsS (top panels) Thethin jaggedines
aretheyearlyvaluesandthethick smoothlines10-yrmoving averageThemeanandsd arealsogivenfor
each.Thus,prior to about1965,0n averagetropical cyclonesandhurricanesusuallyformedat latitudes
belowthelong-termmean,while in the late 1960sto about1990,they usuallyformedat latitudesabove
thelong-termmean.Sinceabout1990,thereappearso havebeenareturnto lower latitudesfor theusual
sitesof stormformaion. Concering the averagdongtudefor usualstormformaton, it hasbeenbelow
(eastward) the long-term meance the nd-1980s.

Figure 3 showsthe progresson of the yearly centrod basedon the 10-yr moving averagesof
latitude andlongitude,givenin bgure2, for stormformation,with tropical cyclonesin the lower panel
andhurricanesn the upperpanel.Timeticks aregivento showthereaderthe direcion of actualyearly
movementqalongthe dottedline). Thus, for both tropical cyclonesandhurricanesthe 1950ssawthe
averagecentrad of stormformaiton occuringin thelower left quadrantjndicaing formatonsdeepein
thetropicsandcloserto the U.S. The progressn, however movedupward(morenorthward)andto the
right (more eastward)n the 1960s(the lower right and upperright quadrants)theninto the upperleft



Table 2. Monthly stastics of NorthAtlantic basn tropcal cyclones 1945D2005.

Frequency of Occurrence
Group Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Total
NS 1 1 0 2 8 35 55 171 220 13 33 7 646
NH 0 0 0 0 2 n 21 96 147 73 23 3 376
NMH 0 0 0 0 1 3 4 38 84 27 4 0 161
NUSLFH 0 0 0 0 0 4 10 27 46 16 1 0 104
N4/5 0 0 0 0 0 1 2 29 44 9 3 0 88
N (LP<925 mb) 0 0 0 0 0 0 0 5 9 4 0 0 18
El Nifio Yr (1965, 1972, 1982, 1983, 1987, 1992, 1997, 2002)
NS 0 0 0 1 1 5 5 14 24 6 1 0 57
NH 0 0 0 0 0 2 2 7 12 3 0 0 26
NMH 0 0 0 0 0 0 0 2 5 1 0 0 8
NUSLFH 0 0 0 0 0 1/0 1/0 22 11 2/0 0 0 713
N4/5 0 0 0 0 0 0 0 2 2 0 0 0 4
N (LP<925 mb) 0 0 0 0 0 0 0 1 0 0 0 0 1
(Andrew)
La Nifa Yr (1950, 1955, 1973, 1975, 1988)
NS 0 0 0 0 0 1 4 15 20 12 1 1 54
NH 0 0 0 0 0 0 2 10 15 8 1 0 36
NMH 0 0 0 0 0 0 0 6 10 6 0 0 22
NUSLFH 0 0 0 0 0 0 0 2/1 5/3 11 0 0 8/5
N4/5 0 0 0 0 0 0 0 3 5 1 0 0 9
N (LP<925 mb) 0 0 0 0 0 0 0 0 2 0 0 0 2
(Janet, Gilbett)

quadranin the1970s.In the 1980s,the movementvasto theright (the upperright quadrant)andin the
1990sit wasdownward(the lower right quadrant) Presentlyfor the year2000,the lastavalable entry,
theaveragecentrad of stormformaionisinthelowerrightquadrantindicaing areturnto lowertropical
latitudes for usual storm forman, but eastward of the long-term mean itundge.

Table3 providesa convenentlistof the 104 North Atlantic basn tropical cycloneghatmadeU.S.
landfall (LF) asa hurricaneduring the intervalof 1945D2005The stormnumber(SNBR), nameof the
storm(whennamed) LF date,stateor statesvhereLF occurredcategoryof the hurricaneat LF, andGL
of thestorms(whentheypbrstattainedropicalstormWsS, whentheyprstattainechurricané/V'S,andwhen
they brstattainedmajorhurricanéWs) aregivenin thetable All thesedataareavailableat <http://www.
nhc.noaa.gov/tracks1851t02005_atktxThe GLs are iyen as degrees N degré#'s

Inspecton of table 3 showsthat the eariest LF occurredJune9, 1966 (Alma, SNBR=910)
and the latestoccurredon November21, 1985 (Kate, SNBR=1106). Most LF hurricanesare found



< 0
0 ©
O
w n
£EB
o
- | ©
o
N
o
- | O
D
2
o
- | O
(o))
~ —
o
>_
o
- S
[e>)
=2
(72}
i 2 | S
o (o)
S @
>
§ B &) B
8 38 =)
e
s - 3 -8
T = -~
I T Ll T T T T T
o o o o o
D o [o>] © [sp)
$apmibuo m
< o N <
< < NI
N N
1 11 1 11
€7 cR

Hurricanes

Tropical Cyclones

1950 1960 1970 1980 1990 2000
Year

r T T T T T
o o o
(Sp) N ~

T T T T
o o o
(Sp) N ~

¢ spnine N 6 spnne1 N

Figure 2. The yearly GLvaraton of the mean N-laudinal postion for tropcal cyclones (lower
left panel)and huricanes (upper left panel) and the yearlyvaliation of the mean
W-longitudinal postion for tropcal cyclones (loweright panel) and huicanes (upper
right panel).The ilm jaggediines are the yearly values, theckhsmoothilnes are the
10-yr movng averages, and thdarrhoiizontal ines are the long-term means.



MearWLongitude

1980 1970 Hurricane Centroids
! > é 990
25
3 MearN Latitude
=)
£ —
-
z
2000
1960
1950
20 T T T T T T T T |
W Longitude
MeanWLongitude
1980 Tropical Cyclone Centroids
N
1970
()
-O B
§ MearN Latitude
< 1 1990
> 1960
] 2000
20
1950
T T T T T T T T T ]
70 65 60

W Longitude

Figure 3. The ime-icked varation of the GLcentrads, lattude, and lonigude for tropcal cyclones
(lower panel) and huicanes (upper panellhe thn verical and hazontal Ines are the
long-term means.

10



Table 3. list of U.S. landfaihg huricanes 1945D2005.

SNBR Name LF Date LF State/Category GL (TS) GL (H) GL (MH)
0708 1945D07D23 | FL1 17.5,85.7| 27.6,85.6| 27.6,85.6
0712 1945D08Db27 | TX2 19.4,94.0| 21.6,95.2| 26.6,96.8
0716 1945D09D15 | FL3 19.0,56.6 | 19.0,56.6 | 20.4,68.3
0723 1946D10D07 | FL1 18.0,87.2| 19.6,85.6| 22.3,84.1
0727 1947D08b24 | TX1 24.0,80.0 | 26.5,90.6

0728 1947D09D17,14 FL4, LA3, MS3, FL2 14.5,20.1| 14.1,24.0| 16.1,54.7
0732 1947P10D15 | GA2, SC2, FL1 15.4,82.0| 24.1,823

0738 1948D09D03 | LAl 23.8,94.7| 25.8,92.6

0740 1948D09D21 | FL3, FL2 18.2,78.8| 18.5,80.8| 22.8,82.0
0741 1948D10D05 | FL2 15.3,81.8| 19.4,85.1| 22.2,833
0743 1949D08b24 | NC1 21.3,62.6 | 22.3,64.7

0744 1949D08Db25 | FL3 18.2,60.0 | 23.4,73.0| 24.6,76.4
0752 1949D10D03 | TX2 12.5,89.5| 22.0,94.3| 26.0,95.5
0757 | Baker 1950D08D30 | ALl 16.3,55.0| 16.5,57.4| 16.7,60.0
0760 | Easy 1950D09D04 | FL3 19.1,84.1| 21.0,82.8| 26.9,83.2
0766 | King 1950b10b17 | FL3 16.0,84.2 | 18.2,79.6| 20.9,785
0780 | Able 1952P08D30 | SC1 16.4,51.2 | 21.9,64.7

0787 | Barbara 1953P08b13 | NC1 22.8,739| 29.2,759

0789 | Carol 1953D09b07 | ME1 10.6,37.7 | 14.2,49.5| 17.3,56.3
0793 | Florence 1953D09D26 | FL1 16.9, 75.8 | 20.9,85.0| 23.4,87.0
0802 | Carol 1954P08b31 | NY3, CT3, RI3, NC2 25.1,755| 28.9,76.2

0804 | Edna 1954Pb09D1 | MA3, ME1 19.3,62.8| 22.2,70.8| 25.9,675.2
0808 | Hazel 1954P10D15 | SC4, NC4, MD2 12.4,59.2 | 12.8,61.1| 13.3,67.2
0812 | Connie 1955D08b12 | NC3, X1 15.7,39.2 | 18.0,54.9| 18.3,56.6
0813 | Diane 1955D09D17 | NC1 18.9,54.3| 24.0,61.1| 25.3,60.8
0819 | lone 1955D09D19 | NC3 154,442 | 19.3,62.3| 26.5 72.7
0829 | Flossy 1956D09D23,24 LA2, FL1 22.2,89.8| 26.9,91.0

0832 | Audrey 1957D06D27 | TX4, LA4 21.6,93.3| 22.0,93.4| 27.9,93.8
0846 | Helene 1958D09D27 | NC3 22.5,64.8| 26.7,720| 31.0,77.1
0852 | Cindy 1959D07D08 | SC1 315,77.1| 32.3,78.2

0853 | Debra 1959D07D24 | TX1 27.5,93.1| 283,954

0856 | Gracie 1959P09b29 | SC3 21.8,74.1| 233,73.0| 294,77.1
0864 | Donna 1960D09D0B 12 | FL4, NC3, NY3, FL2, C[T2,10.3,26.9 | 12.2,39.4| 13.3,44.3

RI2, MAL, NH1, ME1

0865 | Ethel 1960D09D15 | MS1 239,906 | 25.6,89.7| 27.0,89.1
0869 | Carla 1961D09D1 | TX4 16.3,82.7 | 18.8,85.1| 22.3,87.3
0886 | Cindy 1963D09D17 | TX1 26.7,93.7| 28.0,93.9

0896 | Cleo 1964D08b27 | FL2 13.4,46.8| 14.1,51.3| 15.3,57.8
0897 | Dora 1964D09D09 | FL2 1n.7,470| 17.8,56.5| 24.0,62.1
0901 | Hilda 1964D09D29 | LA3 22.0,84.2| 234,88.1| 24.2,90.1
0902 | Isbell 1964D10D14 | FL2, FL2 20.0,85.0| 21.7,845| 23.2,83.6
0906 | Betsy 1965D09D08,09 FL3, LA2 19.2,63.4| 21.2,64.7| 22.8,70.2
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Table 3. list of U.S. landfaihg huricanes 194592005 (Camied).

SNBR Name LF Date LF State/Category GL (TS) GL (H) GL (MH)
0910 | Alma 1966D06D09 | FL2 18.1,84.2| 18.5,84.1| 24.2,82.4
0918 Inez 19661004 | FL1 14.8,48.7 | 15.8,56.0| 16.1,60.4
0922 | Beulah 1967D09D20 | TX3 13.9,60.8 | 14.7,62.9| 15.8,65.1
0936 Gladys 1968D10D18 | FL2, FL1 19.4,83.3| 21.7,83.5

0939 | Camille 1969D08D17 | LA5, MS5 19.4,82.0| 20.7,83.8| 21.2,84.1
0943 | Gerda 1969D09D09 | ME1 29.7,79.7| 32.0,78.0| 37.8,72.2
0957 Celia 1970D08D03 | TX3 23.3,85.8| 24.3,87.2| 243,87.2
0970 Edith 1971D09D16 | LA2 12.7,69.1| 13.2,73.8| 14.2,80.5
0971 Fern 1971P09D10 | TX1 26.9,92.6 | 26.4,93.7

0972 | Ginger 1971D09D30 | NC1 27.7,66.1| 27.9,63.3

0979 | Agnes 1972D06D19 | FL1, NY1, CT1 20.0,86.2| 23.8,85.6

0998 Carmen 1974P09D07 | LA3 17.0,67.4| 17.0,76.0| 17.7,83.2
1008 | Eloise 1975Db09D23 | FL3 19.0,65.6 | 19.5,68.4| 28.4,687.3
1015 Belle 1976D08D09 | NY1 25.6,73.2| 26.6,74.2| 295,753
1024 Babe 1977P09D05 | LAl 27.6,88.5| 28.7,914

1042 | Bob 1979b07H1 | LA1 23.5,93.8| 26.2,91.6

1044 David 1979P09D03,04 FL2, FL2, GA2, SC2 11.6,42.2 11.8, 48.5 12.2,52.9
1046 Frederic 1979D09D12 | AL3, MS3 11.5,36.0 12.9,48.7 | 25.7,85.8
1050 | Allen 1980D08D09 | TX3 11.0, 42.8 12.4,51.4| 13.3,59.1
1079 | Alicia 1983DP08D17 | TX3 27.2,91.0| 27.4,93.3| 28.9,95.0
1087 | Diana 1984b09D13 | NC2 28.5,77.4| 305,80.0| 326,784
1097 |Bob 1985b07b24 | SC1 26.2,83.8| 30.5,80.5

1099 Danny 1985P08D15 | LAl 23.7,87.8| 26.8,91.5

1100 |Elena 1985Db09D02 | AL3, MS3, FL3 22.6,80.0| 25.0,85.0| 28.6,83.9
1102 Gloria 1985D09D17 | NC3, NY3, CT2, NH2, ME14.6,28.3| 17.7,55.3| 21.9,66.8
1105 Juan 1985D10D28,29 LAL 23.8,925| 27.8,91.2

1106 | Kate 198581D15 FL2 21.1,63.8| 21.1,65.3| 25.2,85.3
1108 Bonnie 1986D06D25 | TX1 26.6,89.5| 27.7,92.2

1109 | Charley 1986D08D17 | NC1 32.2,785| 34.4,76.6

1119 Floyd 1987P10b12 | FL1 16.0,82.2| 24.0,82.9

1126 Florence 1988D09D09 | LAl 22.7,90.2| 27.4,89.2

134 | Chantal 1989Pb08D01 | TX1 25.4,91.0| 27.9,92.8

1139 | Hugo 1989b09b21 | SC4 12.5,29.2| 12.8,43.5| 13.8,50.5
1141 Jerry 1989P10D15 | TX1 20.4,93.0| 28.1,94.6

1158 Bob 1991P18D19 | NY2, RI2, MA2 26.4,758| 29.0,77.1| 36.5 745
1166 Andrew 1992P08D23,25 FL5, FL4, LA3 12.3,42.0| 25.6,67.0| 256,711
1176 Emily 1993D09D01 | NC3 28.0,60.4| 26.9,61.7| 345,752
1191 Erin 1995P08D01 | FL1, FL2 22.3,73.2| 23.6,74.9

1201 Opal 1995P10Db04 | FL3 21.1,88.5| 21.0,92.3| 24.5,90.1
1207 | Bertha 1996D07D12 | NC2 11.0,39.0 | 16.5,58.4| 20.3,67.7
121 Fran 1996D09D05 | NC3 14.6,449| 16.4,53.7| 26.4,73.9
1223 Danny 1997P07D17,19 LA1ALL 28.3,91.4| 29.2,89.9




Table 3. list of U.S. landfalhg huricanes 1945D2005 (Camied).

SNBR Name LF Date LF State/Category GL (TS) GL (H) GL (MH)
1228 | Bonnie 1998D08D26 | NC2 17.3,57.3| 21.1,67.3| 24.1,715
1231 Earl 1998D09D02 | FL1 22.4,93.8| 28.2,89.0

1233 Georges 1998P09D28 | FL2, MS2 10.6,31.3| 12.3,40.0| 14.9,52.0
1242 | Bret 1999D08b22 | TX3 19.8,94.7| 21.9,945| 247,951
1246 | Floyd 1999P09D15 | NC2 15.3,48.2| 19.3,58.8| 23.0,66.2
1249 Irene 1999P10D15 | FL1 18.5,83.4| 23.8,82.2

1294 | Lili 2002b10D03 | LAl 12.1,54.6 | 19.6,79.6| 23.6,87.2
1297 Claudette 2003b07b15 | TX1 13.2,59.8| 175,828

1303 Isabel 2003D09D18 | NC2, X1 13.9,32.7| 14.4,37.3| 17.1,42.0
131 Alex 2004D08D03 | NC1 31.6,79.2| 33.0,77.4| 385,66.0
1313 Charley 2004b08b13,14 FL4, FL1, FL1, SC1, NC1 12.9,65.3| 16.7,76.8| 23.0,82.6
1316 Frances 2004Db09D05 | FL2, FL1 11.5,39.8 13.3,45.8| 154,493
1317 | Gaston 2004Db08b29 | SC1 31.3,78.2| 328,795

1319 Ilvan 2004D09D16 | AL3, FL3 09.7,30.3| 095,434 | 10.2,46.8
1320 | Jeanne 2004D09D26 | FL3, FL1, FL1 16.4,62.6 | 18.6,68.5| 26.6,76.9
1328 | Cindy 2005b07D06 | LAl 25.1,90.2| 28.5,90.3

1329 Dennis 2005B07P10 | FL3 13.0,65.9| 16.2,73.0| 18.5,76.1
1336 | Katrina 2005D08D28,29 FL1, LA3, MSB. 1 245,76.5| 25.9,80.3| 244,847
1340 | Ophelia 2005b09P15 | NC1 279,788 | 28.6,79.3

1342 Rita 2005D09D24 | LA3,TX2 222,723 23.7,80.3| 24.2,84.0
1347 | Wilma 20051024 | FL3, FL2 16.9,79.6 | 16.2,80.3| 16.6,81.8

to occurin Septembemlccouningfor nearlyhalfthetotal (table2). Eighty-9x percenof thetotalNUSLFH
occurin the spanof AugustbOctobeOnly Canille, in 1969,andAndrew in 1992, havestruckthe U.S.
ascategory5 storms.KatrinaandRita struckLouisianaascategory3 stormsin 2005,andWilma struck
Florida as a category 3 storm, aied®2005.

Table 4 lists the various states that have experienced landfalling hurricanes, number of landfalling
category 1EP hurricanes, number of landfalling category 3Eb hurricanes (major hurricanes), total number of
landfalling hurricanes, and the proportion, as compared to the 104 NUSLFH that have been recorded. By
far, the state of Florida has experienced the most landfalling hurricanes (both category 1ER and 3Eb) with
nearly 37 percent of all landfalling hurricanes striking the state. The state of Alabama ranks seventh, being
tied with the state of New York, both having been struck by three category 1ER storms and three category
3Eb storms, accounting for nearly 6 percent of thetotal NUSLFH. Thethree major hurricanesto hit Alabama
were Frederic in 1979, Elenain 1985, and Ivan in 2004. Katrina hit Alabama as a category 1 storm.

Table5 providesa convenentlist of the 88 stormsthatattaneda rating of category4 or 5 during
the spanof 1945D2005Givenin thetablearethe SNBR; name;year;dateswhenWS " 34 kt; D, hours
of WS" 34 kt; PWSin kt; LP in mb; category4 or 5; andwhetheror notthe stormwasa U.S. landfaling
hurricane,andif yes,the categoryit hadat LF. The 18 mostpowerfulstorms(thosehaving LP <925mb,
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Table 4. list of states hamg landfaling huricanes 1945D2005.

Categories | Categories

State 1and2 3-5 Total Proportion

FL 21 17 38 0.365

NC 14 8 22 0.212

LA 12 8 20 0.192

X 12 6 18 0.173

SC 7 3 10 0.096

MS 2 5 7 0.067

AL 3 3 6 0.058

NY 3 3 6 0.058

ME 5 0 5 0.048

CT 3 1 4 0.038

MA 2 1 3 0.029

RI 2 1 3 0.029

GA 2 0 2 0.019

NH 2 0 2 0.019

VA 2 0 2 0.019

MD 1 0 1 0.010

Table 5. list of category 4 and 5 hiucanes 1945D2005.

USLFH?/
SNBR Name Year Begin End D PWS LP Category | Category
0712 | Unnamed| 1945 | 08/24DB060( 08/29D0600 120 120 963 Yes/2
0716 | Unnamed| 1945 | 09/12b000( 09/18D180(0 162 120 951 4 Yes/3
0723 | Unnamed 1946 | 10/05D060(0 10/09D0000 90 ns 979 4 Yes/1
0728 | Unnamed| 1947 | 09/04b060( 09/20D1200 390 140 947 4 Yes/4
0739 | Unnamed 1948 | 09/04D0600 09/16©1800* 300+ ns b 4 No
0741 | Unnamed| 1948 | 10/03B180( 10/16©000Q* 294+ nus 975 4 Yes/2
0744 | Unnamed| 1949 | 08/23B060( 08/30D060() 168 130 954 4 Yes/3
0752 | Unnamed 1949 | 09/27D0600 10/06©060(0 216 ns b 4 Yes/2
0756 | Able 1950 | 08/12Db000( 08/21DH180(Q 198 120 b 4 No
0759 | Dog 1950 | 08/30D180( 09/17D000Q* 414+ 160 b 5 No
0761 | Fox 1950 | 09/08D060( 09/17D0600* 216+ 120 b 4 No
0771 | Charlie 1951 | 08/15D000( 08/23D180(Q 210 15 b 4 No
0773 | Easy 1951 | 09/02D180( 09/13D1800* 264+ 140 b 5 No
0785 | Fox 1952 | 10/21D1200 10/28D0000 156 130 934 4 No
0789 | Carol 1953 | 08/31D060( 09/09D1200* 222+ 130 929 4 Yes/1
0808 | Hazel 1954 | 10/05D060( 10/18D0000 306 120 937 4 Yes/4
0812 | Connie 1955 | 08/03b120( 08/14DB000(Q 252 125 936 4 Yes/3
0820 | Janet** 1955 | 09/21B180( 09/30D0600* 204+ 150 914 5 No




Table 5.

list of category 4 and 5 hicanes 194502005 (Comied).

USLFH?/
SNBR Name Year Begin End D PWS LP Category | Category
0830 | Greta 1956 | 11/02D120Q 11/07D0600F 114+ 120 970 4 No
0832 | Audrey 1957 | 06/25D0600 06/29D0600Q* 90+ 125 946 4 Yes/4
0834 | Carrie 1957 09/0391201 09/24D1800* 510+ 135 b 4/5 No
0841 | Cleo 1958 | 08/1B0600| 08/22D0000 258 140 948 5 No
0846 | Helene 1958 | 09/23DB0000 10/04B060Q* 270+ ns5 934 4 Yes/3
0847 | llsa 1958 | 09/24DH1200 09/30D0600* 138+ 1ns5 998 4 No
0856 | Gracie 1959 | 09/22D0000 10/01D0600 222 120 950 4 Yes/3
0864 | Donna 1960 | 08/30D1200 09/14B000Q* 348+ 140 932 5 Yes/4
0865 | Ethel 1960 | 09/14D1200 09/16D1800 60 140 981 5 Yes/1
0868 | Betsy 1961 | 09/02D0600 09/12D060Q* 240+ 120 945 4 No
0869 | Carla 1961 | 09/05B1200 09/13D1200 192 150 931 5 Yes/4
0871 | Esther 1961 | 09/1B1200 09/269120I 360 125 927 4 No
0875 | Hattie** 1961 | 10/27D1200 11/01P060Q 114 140 920 5 No
0889 | Flora 1963 | 09/2991200 10/13D1200* 336+ 125 940 4 No
0896 | Cleo 1964 | 08/21D0000 09/05D120Q* 102+ 135 950 4/5 Yes/2
0897 | Dora 1964 | 09/05B1200 09/16D000Q* 348+ ns5 942 4 Yes/2
0900 | Gladys 1964 | 09/13D1200 09/25D000Q* 276+ 125 945 4 No
0901 | Hilda 1964 | 09/29D1200 10/05D180Q* 150+ 130 941 4 Yes/3
0906 | Betsy 1965 | 08/29D1200 09/1B0600| 266 135 941 4/5 Yes/3
0918 | Inez 1966 | 09/24D180( 10/1DH0000| 408 130 929 4 Yes/1
0922 | Beulah** | 1967 | 09/07D1200 09/22D1200 360 140 923 5 Yes/3
0939 | Camille**| 1969 | 08/14B1800 08/22B1200* 138+ 165 905 5 Yes/5
0970 | Edith 1971 | 09/07D1200 09/17D0600 234 140 943 5 Yes/2
0998 | Carmen 1974 | 08/30D1200 09/0/B000Q 228 130 928 4 Yes/3
1010 | Gladys 1975 | 09/24DH1800 10/04D000Q* 222+ 120 939 4 No
1023 | Anita 1977 | 08/30D0600) 09/03D060D 96 150 926 5 No
1034 | Ella 1978 | 08/30D1800 09/05D120Q* 138+ 120 955 4 No
1036 | Greta 1978 | 09/14D1200 09/1991200 120 1us5 947 4 No
1044 | David** 1979 | 08/26D060() 09/08©000Q* 306+ 150 924 5 Yes/2
1046 | Frederic 1979 | 08/30D1200 09/14D1800 312 ns5 943 4 Yes/3
1050 | Allen** 1980 | 08/02D000( 08/1H1200| 228 163 899 5 Yes/3
1068 | Harvey 1981 | 09/12D1800 09/19D0600 156 15 946 4 No
1077 | Debby 1982 | 09/14B1200 09/20D180Q* 150+ ns5 950 4 No
1087 | Diana 1984 | 09/08D1200 09/16D0600* 186+ 15 949 4 Yes/2
1102 | Gloria** 1985 | 09/17H1200 10/02Db000Q* 318+ 125 920 4 Yes/3
1127 | Gilbert** | 1988 | 09/09D1800 09/17D1800 192 160 888 5 No
1128 | Helene 1988 | 09/20D0600 09/30D1200* 246+ 125 938 4 No
1130 | Joan 1988 | 10/1BD0600| 10/23B060Q* 288+ 125 932 4 No
1138 | Gabrielle| 1989 | 08/31D0000 09/12B1200 300 125 927 4 No
1139 | Hugo** 1989 | 09/1B1800| 09/25D1200* 330+ 140 918 5 Yes/4
1159 | Claudette| 1991 | 09/05D1200 09/1B1800| 150 15 946 4 No
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Table 5. list of category 4 and 5 hiranes 19452005 (Camied).

USLFH?/
SNBR Name Year Begin End D PWS LP Category | Category
1166 | Andrew**| 1992 | 08/17D1200 08/27P0600 234 150 922 5 Yes/5
1192 | Felix 1995 | 08/08D180( 08/25D0000* 390+ 120 929 4 No
1198 | Luis 1995 | 08/29D0000 09/12D1800Q* 334+ 120 935 4 No
1201 | Opal** 1995 | 09/30D1200 10/06D1800 144 130 919 4 Yes/3
1210 | Edouard | 1996 | 08/22B060( 09/06©180Q* 372+ 125 933 4 No
1213 | Hortense| 1996 | 09/07B0600 09/16D0600* 216+ 120 935 4 No
1233 | Georges | 1998 | 09/16©1200 09/2991200 312 135 937 4/5 Yes/2
1239 | Mitch** 1998 | 10/22D1800 11/09D1800* 354+ 155 905 5 No
1242 | Bret 1999 | 08/19D1800 08/24DB0000 102 125 944 4 Yes/3
1243 | Cindy 1999 | 08/2001800 08/31D1200* 258+ 120 943 4 No
1246 | Floyd** 1999 | 09/08D0600) 09/19D1200* 270+ 135 921 4/5 Yes/2
1247 | Gert 1999 | 09/12Db1200 09/23D120Q* 264+ 130 930 4 No
1252 | Lenny 1999 | 11/14D120Q 11/21BP060Q 162 135 933 4/5 No
1261 | Isaac 2000 | 09/22B0000 10/04B060Q* 294+ 120 943 4 No
1263 | Keith 2000 | 09/29D1800 10/06D0600 132 120 941 4 No
1276 | Iris 2001 | 10/0591200 10/09B120 96 125 948 4 No
1280 | Michelle | 2001 | 11/01B000Q 11/06D1800" 138+ 120 934 4 No
1294 | Lili 2002 | 09/27D1200 10/04D0600 162 125 940 4 Yes/1
1300 | Fabian 2003 | 08/28D1200 09/09D1800* 294+ 125 941 4 No
1303 | Isabel** 2003 | 09/06B0600 09/19D1800 324 145 915 5 Yes/2
1313 | Charley | 2004 | 08/10D060( 08/1591200 126 125 947 4 Yes/4
1316 | Frances 2004 | 08/25B1800 09/07B0600 300 125 937 4 Yes/2
1319 | lvan** 2004 | 09/03b0600 09/24D0000 378 145 910 5 Yes/3
1321 | Karl 2004 | 09/16D1800 09/28D0000 270 125 938 4 No
1329 | Dennis 2005 | 07/05B1200 07/1B0600| 138 130 930 4 Yes/3
1330 | Emily 2005 | 07/12Db0000 07/21D0600Q 222 140 929 5 No
1336 | Katrina** | 2005 | 08/24D120( 08/30D1200 144 150 902 5 Yes/3
1342 | Rita** 2005 | 09/18B1800 09/25B0600 156 255 897 5 Yes/3
1347 | Wilma** | 2005 | 10/17P0600 10/26©180Q* 204+ 160 882 5 Yes/3

areidentipedwith two asterisksThe single asteriskgyiven for somestormendtimes meanthat at last
observaibn the WS still exceede®4 kt, sothe duratonsfor thesestormsarenot predsely known. lvan
(SNBR1319),which struckAlabamaandFloridaasa category3 majorhurricaneon Septembet 6,2004,
hadthelongestduraton (240hr) andattanedcategorys statuswith aPWSof 145kt, andLP of 910mb.
Canille (SNBR 939, 1969)andAllen (SNBR 1050,1980) hadthe highestPWS (165 kt), while Wilma
(SNBR 1347,2005) hadthe lowestLP (882 mb). Twenty-bveof the 88 stormsclearly were categorys
stormsat somepoaint in their developmentwith another6 havng PWSof 135 kt, a speedequalto the
upper end of category 4 and the lower end of category 5 storms.
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Regardng the namng of storms this pracice beganin 1950.Stormsbefore1950wentunnamed.
From1950to 1952,North Atlantic basintropicalcycloneswereidentibpedoy thephoneticalphabe(Able,
Baker Charie, etc.),butin 1953the U.S.WeatheBureauswitchedto women&namesandin 1979men®
namesbeganto be used,aswell. Evenso,unnamedstormsstll occur from noneto asmanyassix per
yearsaveragng aboutoneperyr. Thenamesf stormsnow follow a setlistthatrecyclesevery6 yr. The
list for 2006 through2011 can be found at <http://www.nhc.noaa.gov/aboutnames.shtnirhe names
Denns, Katrina, Rita, andWilma from 2005havebeenretired. If all namesareusedduring the season,
then the Greek alphabistemployed, as what happened dag the 2005 season.

Table 6 presentghe probablity of occurrencgP(r)) for varousseasonatates(r) for NS, NH,
NMH, NUSLFH, andN4/5 presuning a Passondistribution andneglecing any trendng. Given at the
bottomof thetableis thenumberof seasongN(s)), numberof eventqgn), andseasonamean(m) for each
subgroupThus,thereis a 95-percenproballity that 16 or fewerstormswill occurduring any paricular
seasonjncludng about 10 or fewer hurricanes,about5 or fewer major hurricanes,about4 or fewer
U.S.landfalling huriicanesandabout3 or fewer category4/5 storms.The 2005 seasorg28 storms,15
huricanesand7 major hurricaneswereall either of recordor nearrecordnumber andtherefore were
statstically unexpectedespeaally presuning seasonatatesto be randomlydistributed.So, either the
2005 seasornwas a statisticaloutlier (a Buke) or one musttakeinto accountnaturalvariability and/or
perhaps, the &cts of global warimg.

2.2 Seasona&Variation of Storm PeakWind Speed, Pessue, and Duration

Figure 4 (lower panel) displays the yearly PWS (kt) of the North Atlantic basin tropical cyclones
during 1945EP005. Itsformat (also truefor all subpanels) followsthat of Pgures 1 and 2, with the thin jagged
line being the observed yearly PWS va ues, the thin horizontal line being thelong-term mean of the observed
yearly PWS values, and the thick smooth line being the 10-yr moving average of the observed yearly PWS
values. As an example, during 2005 Wilma had the highest recorded sustained WS, measuring 160 kt, and
itisthisvaluethat is plotted for PWS in 2005. The long-term mean PWS for 1945EP005 equals 127.0 kt, sd
equals 20.1 kt, and the range is 75 (1968, Gladys, SNBR 936) to 165 kt (1969, Camille, SNBR 939; 1980,
Allen, SNBR 1050). The 10-yr moving average is above the long-term mean until the mid-1960s and stays
below the long-term mean until the late 1990s (a dight rebound is observed between the mid-1970s and
the mid-1980s). The 10-yr moving average in 2000 is near the peak that was seen in the mid-1950s, 133 kt
versus 135 kt. Those storms with PWS " 160 kt are identibed.

Figure4 (middle panel)displaysthe yearly averagePWS per storm of the North Atlantic basn
tropicalcycloneq<PWS>sjn kt) during1945D2005As anexamplethe28 stormsof the2005seasorsaw
PWSghatranged35b16&kt. Thesumof thesePWSdividedby thetotal NSin 2005givesthe<PWS>dor
the2005seasorequalto 77 kt. Thelong-termmean<PWS>sfor 1945D200®8qualsr5.2kt, thesd equals
9.2kt, andtherangeis56 (1997)to 100kt (1950).The 10-yrmoving averages abovethelong-termmean
until the mid-1960sand hasbeenbelow the long-termmeaneversince, althoughit appeardikely that
it will onceagan riseabovethe long-termmeansomeime in the early 2000s.Interesingly, a long-term
decreasen <PWS>sis apparenfrom its peakin 1954to 1989/1990with a slight bumpin 1978/1979.
Valueshavegenerallybeenincreagng since 1990, with the 10-yr moving averagen 2000very nearthe
long-term mean, 75.1 kt versus 75.2 kt.
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Table 6. Pwsson stastics for NorthAtlantic basn tropcal cyclones 1945D2005.

NS NH NMH NUSLFH N4/5
r Obs. P(r) Obs. P(r) Obs. P(r) Obs. P(r) Obs. P(r)
0 0 0.0000 0 0.0021 4 0.0699 10 0.1827 13 0.2369
1 0 0.0003 0 0.0130 15 0.1861 26 0.3106 24 0.3412
2 0 0.0014 1 0.0401 16 0.2475 7 0.2640 15 0.2456
3 0 0.0050 8 0.0823 un 0.2194 14 0.1496 4 0.1179
4 1 0.0132 10 0.1267 3 0.1459 1 0.0636 3 0.0424
5 1 0.0279 7 0.1561 6 0.0776 0 0.0216 2 0.0122
6 5 0.0493 10 0.1603 3 0.0344 3 0.0061 0 0.0029
7 6 0.0746 9 0.141 2 0.0131 0 0.0015 0 0.0006
8 8 0.0987 6 0.1086 1 0.0043 0 0.0003 0 0.0001
9 5 0.162 5 0.0743 0 0.0013 0 0.0001 0 0.0000
10 4 0.1230 1 0.0458 0 0.0003 0 0.0000 0 0.0000
n 9 0.1184 2 0.0256 0 0.0001 0 0.0000 0 0.0000
12 7 0.1045 1 0.0132 0 0.0000 0 0.0000 0 0.0000
13 5 0.0852 0 0.0062 0 0.0000 0 0.0000 0 0.0000
14 3 0.0644 0 0.0027 0 0.0000 0 0.0000 0 0.0000
15 3 0.0455 1 0.001 0 0.0000 0 0.0000 0 0.0000
16 1 0.0301 0 0.0004 0 0.0000 0 0.0000 0 0.0000
17 0 0.0187 0 0.0002 0 0.0000 0 0.0000 0 0.0000
18 1 0.010 0 0.0001 0 0.0000 0 0.0000 0 0.0000
19 1 0.0061 0 0.0000 0 0.0000 0 0.0000 0 0.0000
20 0 0.0033 0 0.0000 0 0.0000 0 0.0000 0 0.0000
21 0 0.0016 0 0.0000 0 0.0000 0 0.0000 0 0.0000
22 0 0.0008 0 0.0000 0 0.0000 0 0.0000 0 0.0000
23 0 0.0004 0 0.0000 0 0.0000 0 0.0000 0 0.0000
24 0 0.0002 0 0.0000 0 0.0000 0 0.0000 0 0.0000
25 0 0.0001 0 0.0000 0 0.0000 0 0.0000 0 0.0000
26 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
27 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
28 1 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
N(@S) | 61 61 61 61 61
n | 646 376 162 104 88
m 10.59 6.16 2.66 1.70 1.44

Figure 4 (upperpanel)displaysthe yearly averagePWS per hurricane(<PWS>hin kt) of the
North Atlantic basn tropical cyclonesduring 1945D2005As an example,the 15 hurricanesof 2005
saw PWSsthat ranged65D16(kt. The sum of thesePWSsdivided by the total NHs in 2005 givesthe
<PWS>hfor the 2005 seasongqualto 102 kt. The long-term mean<PWS>hfor 1945D200%quals
93.6kt, thesd equalsl0.4kt, andtherangeis68(1968)to 119kt (1964).Thel0-yrmovingaveragelosely
mimicsthe behavor observedor <PWS>sexceptow the 10-yr moving averageas abovethelong-term
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mean,coninuing to track upward,but, asyet, hasnot attaned valuesthat were seenin the 1950sand
1960s, 97.0 kt versus 101.8 kt.

Figure5 (lower panel)displaysthe yearly lowest reportedpressureof the North Atlantic basn
tropical cyclonesfor 1945D2005Therewere no reportedpressuraeadngsin 1950D1951and prior to
1979pressuregeadngsarespotty atbest;thus,the 10-yr moving averagesrelessreliablefor yearsprior
to about1984.The formatof Pgure5 andall subpanelsfollows thatof bguresl, 2, and4 with the thin
jaggedline being the observed/early LP values thethin horizontalline being the long-termmeanof the
observedyearly LP values,andthe thick smoothline beng the 10-yr moving averageof the observed
yearlyLP values As anexamplejn 2005the stormhaving thelowestpressuravasWilma (882mb), also
having the lowestpressureverrecorded peatng out Gilbert®888mbin 1988.The long-termmeanLP
for 1945D200®quals937.6mb, the sd equals20.5mb, andtherangeis 882 (Wilma, 2005,SNBR 1347)
to 980mb (Charley 1986,SNBR 1,106).Interesingly the 10-yr moving averageappearso berelaively
Rat between1957D1997stayingbetween935.9and 942.8 mb. However since1997the 10-yr moving
averagehasdippedpredpitously, fallingto 924 mb. Anotherinteresing observaonisthatstormshavng
LP <925mb (table4) mightbeontheincreaselForexample prior to 1980therewereonly 5 suchstorms,
whereassince1980therehavebeenl3 suchstorms 8 having occurredsince1995(theyear2005actually
had3 suchstormsNKatrina, Rita, andWilma). Overall,the averageslapsedime betweeroccurrencesf
these stormss about 3 yrsd=2.6 yr).

Figure5 (middle panel)displaysthe yearly averagel P per storm (<LP>s)of the North Atlantic
basntropicalcyclonedor 1945D2005As anexamplethe 28 stormsof 2005sawlL Psthatrangedbetween
882 (Wilma)and1,006mb (Lee).Thesumof thesel Psdividedby thetotal NS in 2005givesthe<LP>s
for the 2005seasongequalto 975 mb. The long-termmeanequals979.2mb, the sd equals8.1 mb, and
therangeis 951 (1955)to 992 mb (1986D1987)The 10-yr moving averageas belowthelong-termmean
until thelate 1960s,whenit roseabovethelong-termmeanandconinuedabovethe meanuntl the mid-
1990s,whenit onceagan dippedbelowthelong-termmean.Thevaluein 2000(977.2mb), the LP that
hasbeenseenn thenewmoreacive interval,hasnotyet dippedbelowthelowestvaluethatwasseenn
the prevous adwveinterval (972.9 min 1953).

Figure 5 (upper panel) displays the yearly average LP per hurricane (<LP>h) of the North Atlantic
basintropical cyclonesfor 1945£2005. Asan example, the 15 hurricanes of 2005 saw L Psthat ranged between
882 (Wilma) and 990 mb (Vince). The sum of these LPs divided by the total NH in 2005 gives <L P>h for the
2005 season, equal to 954 mb. The long-term mean equals 967.3 mb, the sd equals 9.6 mb, and the range is
946 (1988) to 988 mb (1986). The 10-yr moving average for <L P>h mimicsthat of the 10-yr moving average
for <LP>s, except now the values in the current more active interval are the lowest on record and the trend
remains sharply downward (since about 1982). The value in 2000 measured 960.4 mb, while the previous|ow
inthe Prst more active interval measured 964.1 mb (1960), a decrease (or intensi bcation) of about 0.4 percent.
Further intensibcation to values below 960 mb seems likely, given that 3 out of the past 4 years have had
<LP>h <960 mb.

Figure 6 (left panel) displaysthe yearly averageD per storm (<D>s) of North Atlantic basn
tropical cyclonesduring 1945D2005wherethe D of a stormis the total numberof hourswhenits WS
" 34 kt. As an example,in 2005the total numberof hoursthatthe 28 stormshad WS " 34 kt amounted
to, atleast,3,564hr, therebyyielding <D>s=127hr. Theformatof Pgure6 is like thatof bPguresl, 2, 4,
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and5 wherethethin jaggedlineistheyearlyaveragethethin horizontallineis thelong-termmean,and
thethick smoothlineisthe 10-yr moving averageFor 1945D2005helong-termmeanduraionis 127.2
hr, thesd is 30.2hr, andtherangeis 65(1977)to 190hr (1950).Clearly, duringthebrstmoreactiveperiod
(1950sand1960s) the 10-yr moving averagevasabovethelong-termmeanwhile during thelessacive
period (1970sand1980s)it wasbelowthelong-termmeanNow, in the1990sand2000st hasonceagan
risenabovethe long-termmean A peakseemdo haveoccurredin the early 1950sandthe value of the
10-yr movung averagen 2000is very close to that value, 144.7 hr versus 145.6 hr (1952/1953).

Figure6 (middlepanel)displaystheyearlyaverage perhurricaneg(<D>h) of NorthAtlantic basn
tropical cyclonesduring 1945D2005yherethe D is thetotal numberof hourswhenWsS™ 64 kt. In 2005,
the15huricanehadWS" 64 kt atotal of 1,224hr, therebyyielding <D>h=82hr. Theformatfollows that
of <D>s. For 1945D2005the long-termmeanis 92.6 hr, the sd is 33.8 hr, andthe rangeis 28 (1983)to
172hr (1957).As notedfor <D>s,the 10-yr moving averageof <D>hisabovethelong-termmeanduring
the1950sand1960s(actuallypeakngslightly laterthanwasseerfor <D>s,in theearly1960sratherthan
the early 1950s),dipsbelowthelong-termmeanduring 1970sand 1980s,andthenrisesagan abovethe
long-termmeanin thelate 1990s As yet, thevalueof the 10-yr moving averagdor <D>h hasnotequaled
or exceeded the peak value that was sedime early 1960s, 100.1 hr versus 127.9 hr (1962).

Figure6 (right panel)displaysthe yearly averageD per major hurricane(<D>mh) of the North
Atlantic basn tropical cyclonesduring 1945D2005wherethe D is the total numberof hourswhenWS
" 96 kt. In 2005,thesevermajorhuriicaneshadWS" 96 kt atotal of 426 hr, thus,yielding <D>mh=61hr.
Again, theformatfollows thatof <D>sand<D>h.For1945D2005%helong-termmeanis 51.5hr, thesd is
38.6hr, andtherangeis0 (therewerenomajorhurricanesin 1968,1972,1986,and1994)to 180hr (1965).
As beforefor <D>sand<D>h, the 10-yr moving averagas abovethe long-termmeanduring the 1950s
and1960s(peakng in the early 1960s),dips belowthelong-termmeanduring the 1970sand 1980s,and
thenrisesagan abovethelong-termmeanin thelate-1990s Also, asbefore thevalueof the 10-yrmoving
averagdor <D>mhhasnotyetequaledr exceedethepeakvaluethatwasseenntheearly1960s64.2hr
versus 81.8 hr (1963).

2.3 Correlations of Lowest Pessue and Duration Against PeakWind Speed

Figure7 (lower-left panel)lshowsthescatterploof <LP>s, jversuxPWS>s, wherethesubscipt
10indicateghatthecomparsonisbetweerthe 10-yrmoving averagespottheindividualyearlyaverages.
Notsurprisinglythereis averystrongstatisticallysignibPcantorrelatiorbetweer<LP>s, jand<PWS>g,,
at cl >99.9percentStormswith the highestPWSgenerallyarealsothe stormswith the lowestpressure.
Theinferredregresson indicatesthat abouthalf the variancein the 10-yr moving averageof <LP>scan
be explanedby the variation of the 10-yr moving averageof <PWS>s.Recall,however that pressures
arelessreliableprior to 1984,becausef the spottyrecordof pressuregecordngs.Basedstrictly on the
1984D200@imeframe the regresson is y=1058.713D1.086 having r=P0.878,5¢=0.868,and ¢/=>99.9
percentThus, more than three-fourths of theiaace can be explaed by thenferred regresen.

Figure 7 (upper left panel) shows the scatterplot of <D>s, versus <PWS>s,,. While a statistically
signibcant correlation is suggested between the two parameters (indicated by y), the inferred correlation
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since 1990 (denoted by the Plled triangles) has been considerably stronger (the regression being given by
y=b161.594+4.091x, having r=0.979, se=1.587, and ¢/>99.9 percent, and explaining about 96 percent of the
variance). Since 1990, <PWS>s,; has increased about 8 percent from 69.6 kt to 75.1 kt, while <D>s, 4 has
increased about 20 percent from 120.9 hr to 144.7 hr.

Figure 7 (lower middle panel) shows the scatterplot <L P>h,, versus <PWS>h,,. Again, a strong
statistical correlation is inferred between the two parameters, indicated by y, although for the more recent
interval of 1990ER000, the inferred regression is again considerably stronger (the regression being given by
y=1040.199B0.823x, having r=80.979, s¢=0.513, and ¢/>99.9 percent, and explaining about 96 percent of
the variance). Thus, over the past decade or so, there has been a marked intensibcation of hurricanes, with
<PWS>h, increasing about 10 percent from 88.2 kt to 97.0 kt and <L P>h, decreasing about 1 percent
from 968.5 mb to 960.4 mb.

Figure7 (uppermiddlepanel)showsthescatterplobf <D>h, y versus<PWS>h ;. While thereisa
stronginferredstaisticalcorrelatonbetweerthetwo parametersndicatedoy y, aninteresingobservaion
is thatthebehaviorof thedatapointshintsof anadditionalsystematiwvariation.ldentiPedn thescatterplot
arethevaluesobservedspecibcallyfor theyears1950,1960,1970,1980,1990,and2000.Noticethatthe
valuesprogressrely moveupwardandto therightfrom 1950to 1960,attaningapeakin 1962(127.9hr).
Then,thevaluesprogress/ely movedownwardandto theleft through1970(with thevaluescongstently
lying abovetheregresson) andthendownwardandto therightthrough1980(belowtheregresson). The
lowestvalueoccursin 1982(68.6hr). Thisvalueisthenfollowed by generallyincreagng values(upward
andto theright), suchthatthe valuesfor 1999b200@relocatedvery closein valueto thevaluefor 1950,
perhapssuggesngthenearcompletonof aninherem naturalcycleof acivity. Thevaluesfor 199092000
line along thenferred regresen.

Figure7 (lower right panel) showsthe scatterplot of <L P>, versus<PWS>,, (essentially, equivalent
to values for major hurricanes, since major hurricanes always have the highest value of PWS and lowest
value of LP). Asfor <LP>h,, the inferred regression for 19902000 is stronger than the general inferred
regression, which is not statistically signibcant, owing to the unreliability of the 10-yr moving averages
of LP for the years preceding 1984, and is given by y=1098.682b1.316x, having r=0.996, se=0.401, and
l>99.9 percent, and explaining about 99 percent of the variance. For 1990E2000, <PWS>,; increased about
11 percent from 119.3 kt to 133 kt, while <L P>, decreased about 2 percent from 942.0 mb to 924 mb.

Figure 7 (upperright panel)showsthe scatterplotof <D>mh, versus<PWS> . As found for
<D>h,, thereappeardo be embeddedn the scatterplotan inherentsystemat vatri ationNThe values
tendto move upwardandto theleft from 1950, peakngin 1963(81.8 hr), thenmoving downwardand
to theleft to its lowestvalue (20.0 hr) in 1973.Afterwards,they move upwardandslightly to the right
through 1980, then slightly leftward, followed by a strongly linear upward and rightward movement
for 1990D2000yith the2000valueexceedhgthe 1950value,64.2hr versusss.7hr, anincreasef about
15 percent.

2.4 CorrelationsAgainst Global SurfaceAir Temperature

Theassociation of tropical cycloneactivity with climatic changeand/or global warming has produced
mixed results.1:211 For example, Evans has examined the 20-yr interval of 19671986, now known to be a
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predominantly less active interval, and found that while SST does inf3uence tropical cyclone development
and provides an upper bound to intensity, it is not the overriding factor for determining the maximum
intensity of a storm.32 Additionally, Landsea et al. have noted that, for the North Atlantic basin, warmer
than average waters are usually accompanied by lower than average surface pressures, weaker trade winds,
and reduced shear while cooler than average waters are usually accompanied by higher surface pressures,
stronger trade winds, and increased shear further noting that the interannual variability of Atlantic basin
tropical cyclonesisdirectly related to wet/dry years associated with the West African monsoon.11.33885 They
also have noted that the interdecadal variability is related to changes in the dipole structure of the Atlantic
Ocean SST structure, with warmer (cooler) than average SST north of the equator being coupled with
cooler (warmer) than average SST south of the equator, thisfavoring increased (decreased) intense hurricane
activity in the North Atlantic basin, with ENSO and the quasi-biennial oscillation (QBO) also serving as
moderating factors, 4204

Furthermore,Landseahas noted that studes have suggestedhat increasesn anthropogeit
greenhousgaseschielRy CO,, mightleadto increasedropical SSTandincreasedropical rainfall with
a slightly strongerintertropcal convegencezone (ITCZ), possbly leadng to increasedrequencyof
occurrenceand increasedstorm intensty, althoughother studes have indicateddecreasesssocated
with warmerSST13 Goldenbeg et al. haveassotatedthe greateracivity experencedduring 199592000
directly with increased\orth Atlantic SST and decreasedertical wind sheay suggesing further that
the high level of tropical cyclornic acivity likely will coninue for some10D40yr presuning a natural
multidecadalariakility, calledthe Atlantic multidecadabsadllation (AMO).14 Emanuelon the bass of
hispowerdisspaionindex(PDI), hasarguedthatsincethemid-1970gropical cycloneshaveincreasedn
ther destrucdivenesspwingto theobservedncrease®STandhenceglobalwarming 16 Pielkeetal. have
arguedthatclaimsof linkagesdhetweenglobalwarmng andhurricaneimpactsare,at presentpremature,
in particulay becaus@o connectiorhas,asyet,beenbrmly establishedetweergreenhousgasemissions
andthe observedehaviorof hurricanesandbecausehe peerreviewedliteraturereRectghata scientibc
consensugxststhat any future changesn hurricaneintenstieswill likely be small in the contextof
observedrariability, concludingthatthe expectatiorof Pndinga conclusiveink betweerglobalwarming
and huricanes or the impactsin the near terris highly unikely.1?

Morerecently MichaelsKnappenbeger, andDavis havereportedhatarising SSTappearso act
by increagng the percentagef majorhurricanesput notthe ultimateintensty of the storms26 Mannand
Emanuel,usinga formal analysisto separate¢he estimatedn3uenceof anthropogeniclimate change
from possiblenatural cyclical inBuenceshave presentedesultsindicating that anthropogenidactors
arelikely responible for long-termtrendsin the Atlantic SSTandtropical cycloric acivity.23 Landsea
et al. havearguedthat currently avalable databasesgspecally regardng worldwide cyclonc acivity,
are insufpcientlyreliable to ascertainong-termtrendsin tropical stormintensity especially asbeing
linkedto globalwarming, noting that, while routine aircraft reconnassanceadatesfrom the 1940s,it can
moritor only abouthalf the North Atlantic basn, butnoton aconinuousbass; hence heavyreliancehas
beenplacedon satellte moritoring, which hasbeenof inhomogeneougualty.22 They concludethatreal
trendsmight existin tropical cycloneintensty, but thatsuchtrendsmay be so smallasto be consdered
insignibcantnotingthatKlotzbachhasshownthatextremetropicalcyclonesandoveralltropicalcyclone
activity haveglobally beenRatfrom 1986until 2005,despiteariseof 0.25;C in SSTwarming 4 Finally,
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Elsnerhasprovidedevidencethatthe powerof Atlantic tropical cyclonesis rising, being correlatedwith
anincreasen thelate summer/earlyfall SSToverthe North Atlantic, thus,indicaing thatit is therising
globalmeannearsurfaceAT thatcausesherising North Atlantic SSTandincreasedNorth Atlantic basn
tropical cyclonic intensibcatioft

The Armagh Observatory(Armagh, Northernireland) surfaceAT recordis one of the longest
avdlable for study*®P49Meantemperaturgeadngs, basedon maxmum and minimum thermometers,
extendfrom 1844to the presentwheremeantempeatureis debPnedasthe meanof the daily maximum
andminimumtemperatureslhe enire dataseis avalable at <http://climate.arm.ac.uk/cddrated.htr.
Prevousstudeshaveshownthatits ruralenvironmen hasensuredhattheobservatorysuffersfrom little
or nourbanmicroclimaic effectsandthatthetempersurerecordcanbeusedasa proxyfor studyinglong-
term trendsn northern henspherc and global annual mean surf#de?*7.%0

Figure 8 (lower panel) displaysthe annua mean temperature (AT) in j C at the Armagh Observatory for
theinterval 1945EP004 (the readings for 2005 have not yet been published). The format followsthat of bgures
1, 2, 4,5, and 6 with the thin jagged line representing the annual means, the thin horizontal line representing
the mean for the 194582004 interval, and the thick smooth line representing the 10-yr moving average. For the
interval 1945EP004, the mean equals 9.43 j C, the sd equals 0.49 ;C, and therangeis 8.35  C (in 1979) to 10.32
i C (in 1949 and 1997). The general shape of the 10-yr moving average of AT isreminiscent of those previoudy
presented. Hence, there may be, at least aloose correlation between the NS, PWS, LP (an anticorrelation), and
D against global temperature, as represented using AT. The 10-yr moving averages of AT are found to have
cooled between 1945 (Prst entry) and 1982 (with small recoveries about 1957 and 1971), and to have sharply
warmed thereafter through 1999 (last entry). It seems worth mentioning that between 1844EP004, AT (the
yearly means) has exceeded 10 jC in only 14 years as follows: 1846 (which had the highest yearly reading,
10.40C), 1857, 1921, 1945, 1949, 1959, 1989, 1995, 1997, 1998, 1999, 2002, 2003, and 2004# half of these
having occurred since 1995. From 1995, AT has been above the mean every yr except 1996. In the span of
1945EP004, AT dipped by one or more sd (! 8.94 {C) in only 9 years. 1952, 1963, 1965, 1969, 1972, 1974,
1979 (the lowest AT = 8.35 jC), 1985, and 1986# more than haf of these having occurred in the 1970s and
1980s, the time span corresponding to depressed hurricane activity in the North Atlantic basin.

Figure8 (uppempanel)displaysheannuaAugustbOctobaveragegemperaturegorresponthgto
late summerearlyfall temperatureandtheintervalof greatestrequencyof North Atlantic basn tropical
cyclones)at the Armagh Observatoryfor the interval 1945D2004Again, the thin jaggedline represents
the yearly AugustbOctobeaveragesthe thin horizontal line representghe overall mean(12.73 i C,
sd=0.78jC), andthethick smoothlinerepresentthe 10-yrmoving averageWhereastheyearlyJanuaryb
Decembed 0-yrmoving averageglower panel)displayaslowly decreamgtemperaturérendfrom 1945
to 1982followed by asharprisethereaftertheAugustbOctobet0-yrmoving averageslisplayarelaively
Ratvariationfrom 1945to about1973followed by aslightdownwardshift throughabout1 989andasharp
risethereafterThus,boththe yearly JanuarypDecembandAugustbOctoberendsaresharplyupward
from about1989,thistimecorresponthgto thestartof increasen the 10-yrmovingaveragesf NS,NH,
NMH, andN4/5 (bg.1); PWS(Pg.4); duration(Pg.6); andto decreasem the 10-yr moving average®f
LP (Pg. 5).
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Figure 9 shows the scatterplots of 10-yr moving averages of NS (lower panels), <PWS>s (lower
middle panels), <LP>s (upper middle panels), and <D>s (upper panels) against the 10-yr moving averages
of AT JanuaryBEDecember (left panels) and AT AugustBOctober (right panels) for the interval 1989B91999.
Similarly, bgure 10 shows the scatterplots of 10-yr moving averages of NH (lower panels), <PWS>h (lower
middle panels), <LP>h (upper middie panels), and <D>h (upper panels) against the 10-yr moving average
of AT JanuaryBEDecember (left panels) and AT AugustBOctober (right panels) for the interval 1989B91999.
All scatterplots are highly statistically signibcant (¢/>99.9 percent), suggesting very strong correlations
between the yearly average NS and NH, PWS, LP, and D against average yearly and late summer-early fall
temperature, at least, over the most recent years. The 10-yr moving averagesfor the interval 1989P1999 are
based on yearly values for 1984E2004.
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for 1989D1999. See text for déta
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Figure 11 displays scatterplots of 10-yr moving averages of NS, <PWS>s, <LP>s, and <D>s against
the 10-yr moving average of AT JanuaryEDecember (left panels) and AT AugustBOctober (right panels),
and bgure 12 displays scatterplots of 10-yr moving averages of NH, <PWS>h, <LP>h, and <D>h against
the 10-yr moving average of AT JanuaryEDecember (left panels) and AT AugustBOctober (right panels),
both for the data available intervals 195001999 or 1957P1999 (for <LP>s and <LP>h). For the interval
1950B1999, both NS, and NH, 5 are found to strongly correlate against either AT (JanuaryEDecember or
AugustBOctober) although for both, the correlations are strongest for the more recent interval 1989£1999.
Concerning <PWS>s,  and <PWS>h,, only the correl ations between <PWS>h,  and AT are of marginal
statistical signibcance (c/>90 percent). For <LP>s,, the correlations against AT 1, are of marginal statistical
signibcance, although they are statistically important for <L P>h, against AT ;5. For <D>s,, the correlation
against AT, is statistically important, while the correlation is not statistically important between <D>h;,
and AT, Thus, the suggestion by Elsner that the power of Atlantic tropical cyclones is rising, being
correlated with an increase in the late summer-early fall SST (and, hence, global mean near-surface AT)
over the North Atlantic basin seems plausible, in that rising WS and falling pressure correlates with both
yearly means and late summer-early fall averages of Armagh mean surface ATs, especialy for the past two
decades.21 It should be noted that some of the general correlations are much stronger if one ignores data
prior to about 1970.

Figurel3displaystheresdualstheobserved 0-yrmovingaverageninuspredcted10-yrmoving
averageof NS, <PWS>s<LP>s,and<D>sbasedntheinferredregressionsasgivenin bgurell, using
10-yr moving average®f AT (JanuarybDecembkaft panels,AugustbOctoberight panels) Hence the
resdualsshowthe effectson the parametersow having removedtemperatur@asa forcing agentWhen
the regdual is postive, this meansthat the observedparametic valueis slightly larger than expected,
giventhe observedsurfaceAT, andwhenit is negaive, this meanghatthe observedgarametic valueis
slightly smallerthanexpectedgiventhe observedsurfaceAT. Thereis a stronghint of epsodc (quas-
periodic) behavor. Of paricularinterests the behavor of <PWS>g, and<LP>s,, which suggestshe
existenceof long-termintervals(>30yr) whereyearly averagePWS (LP) tendsto be consstentlylarger
(smaller)thannormal,andviceversawith thetranstionfrom onemodeto the otherbengratherquick (in
themid-to-late1960s).Thecurrentmodeseemso beonehaving postiveresdualsfor NS, jand<LP>s,
andnegaive reddualsfor <PWS>g,and<D>s,,. Thus,the North Atlantic basn seemso be produéng,
on averagemoretropical cyclonesnow thancanbe accountedor strictly by temperaturelone,andthe
relative Ratnessof the PWS and pressureresidualssuggesthat temperaturgwarming) now seemsto
be the dominantfactor during the presentepoch(at least,basedon yearly AT). Also, whereaghe 1950s
and1960stogetherepresenanintervalof high acivity in theNorth Atlantic basn, with stormsgenerally
being of higherPWSandlongerduratons,andthe1970sand1980stogetherepresenanintervalof lower
acivity in the North Atlantic basn, with stormsgenerallybeing of lower PWS and shorterduratons,
surpisingly, the1990sand20005nowhavingremovedheeffectsof temperature3uggesthat,thoughthe
trendistowardtheoccurrencef anothemoreaciveinterval,asyet,it hasnotfully arrived.Hence future
seasonsnay be evenmoreacive, dueto the strengtheimg of the presumedjuas-periodic component,
theAMO.

Figure 14 similarly displaysthe resduals, but this time for hurricanes.Again, the observed
behavor of theresdualssuggestepsodc behavor (dueto a quas-periodic component)with trendsin
the resdualsindicaing theimminent occurrence of another moreiaetnterval.
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Figure 13.The yearly vaiation of resduals, haing removed the temperature dependency

2.5 Predicting the Next Season

In this section, smple statistica means will be given for crudely estimating NS, NH, NMH,
NUSLFH, and N4/5 for the following (next) annual North Atlantic basin tropical cyclone season, given
the statistics of the last completed annual season and anticipated behavioral constraints for the upcoming
season (that is, whether it will be an El Ni—o or non-El Ni—o year and/or whether it is part of aless or more
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Figure 14.The yearly vaiation of resduals, haing removed the temperature dependency

active interval). Recall from section 2.1 (table 6) that for any given year, ignoring the phase of ENSO and
inferred trends, one anticipates that, on average, about 10 or 11 tropical cyclones will occur in the North
Atlantic basin, of which 6 or 7 will become hurricanes (with 3 or 4 becoming major hurricanes and 1 or
2 attaining category 4 or 5 status during some portion of their development) and with about 2 striking the
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U.S. coastline, probably Florida. Furthermore, based on the past 61 years (1945E2005), Poisson statistics
show that the central 50-percent probability interval is NS=9B13, NH=568, NMH=2&4, NUSLFH=1£2, and
N4/5=1£2, while the observed range is NS=4EP8, NH=2B15, NMH=0E8, NUSL FH=0B6, and N4/5=0Eb.
If, however, one correctly anticipates that the yr will be characterized as an El Ni—o yr, then the prediction
will be dightly reduced, whileif one correctly anticipates that the yr will be characterized as anon-El Ni—o
yr (either a neutral yr or a La Ni—a yr), then the prediction likely will be either about average or dightly
larger than average. During the previous eight EI Ni—o years (dePned using the best ENSO Index), the
range is NS=6B12, NH=2p4, NMH=0E2, NUSFLH=0B1, and N4/5=0B1, while during the previous bve
LaNi—ayears, therangeisNS=8B13, NH=4B11, NMH=1E8, NUSL FH=0EB, and N4/5=0E8. Similarly, if one
correctly anticipates that the yr is part of along-terminterva of less activity, the prediction likely will be dightly
reduced, whileif one correctly anticipatesthat theyr ispart of along-terminterval of more activity, the prediction
likely will be dightly augmented. For the 25 years spanning 1970P1994 (an interval indicative of less activity),
the range is NS=4B14, NH=2E9, NMH=0E8, NUSL FH=0B6, and N4/5=0E8; while for the 36 years spanning
194561969 and 1995EP005 (interval sindicative of more activity), the rangeisNS=5£28, NH=3B15, NMH=0ES,
NUSL FH=0B6, and N4/5=0Eb. The centra 50-percent probability intervasfor thesetwo acivity relatedstates
(less/more)are NS=7D1/9D13 NH=3D6/5D8NMH=1D2/2D4ANUSLFH=0D1/1D2and N4/5=0D1/1D2.
Tables7 and8 give the Passonstatsticsfor thelessandmoreacivity intervals respedtvely, for eachof
the aforememnbned parameters.

Another smple means for estimating yearly values for the parameters is based on determining the
expected rate of change in the parametric 10-yr moving average (from one yr to the next). Figure 15 displays
the yearly rates of change in the 10-yr moving averages of NS (lower panel), NH (lower middle pandl), NMH
(middle panel), NUSLFH (upper middle pand), and N4/5 (upper pandl) for 1950D1999. Here, the parametric
rate of change is computed as the difference in the 10-yr moving averages between two consecutive years for
a particular parameter (specibcaly, the following yr value minus the current yr value). As an example, the
NS, for the yr 2000 is 14.4 (based upon the string of NS values spanning 1995E2005) and the NS, for the
yr 1999is 13.5 (based upon the string of NS values spanning 1994EP004). Therate of change! NS, for 1999
then equals 14.4 minus 13.5, or 0.9, which is the highest yearly rate of change observed during 195081999,
and it isthe 11th consecutive positive vaue in astring of positive values. Typicaly, the greatest concentration
of parametric rates of change is£0.1 to +0.1, accounting for 26 of the 50 (52 percent) yearly rates of change
for | NS, 29 of 50 (58 percent) for ! NH,, 31 of 50 (62 percent) for ! NMH,,, 38 of 50 (76 percent)
for! NUSLFH;, and 37 of 50 (74 percent) for | N4/5,,. Table 9 givesthe distributionsfor the parametric rates
of change.

Presunmg! NS, for theyr 2000equalsD0.1to +0.1impliesthatNS, , for theyr 2001will equal
14.3to 14.5.Becausdhe 10-yr moving averageds calculatedby sumning the centralnine valuesof NS,
centeredn theyr of interest(here,the centralyr beng 2001andthe centralnine valuesbeng thosefor
theyears1997D2005henmultiplying the sumby two andaddng the valuesof NS for theyr 1996and
2006,andthendividing by 20, plainly onecancrudelyestmate(with about50-percenaiccuracythe NS
for 2006.Thesumof NSfor 1997D2008qualsl35andNSfor 1996equalsl3; hence NS for 2006would
be estmatedto be about5+ 2, presuning thatNS,  for theyr 2000is 14.4+ 0.1. If, however! NS, is
slightly enlagedto +0.2 (which capturesibout70 percenbf theknownyears) thentheestmatefor NS,
for theyr 2000would be 14.4+ 0.2, andthe esimatefor NS for theyr 2006would be 5+ 4. It shouldbe
notedthat! NS, , hasbeenpostive in valuefor 11 consecuve years,averagng about0.5; usng NS,
equal to 14.9, one would esiate NS for the yr 2006 to be about 15.
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Table 7. Pmsson stastcs for the less aiete interval 197091994.

NS NH NMH NUSLFH N4/5
r Obs. P(r) Obs. P(r) Obs. P(r) Obs. P(r) Obs. P(r)
0 0 0.0001 0 0.0065 3 0.2187 6 0.2894 10 0.4493
1 0 0.0009 0 0.0326 10 0.3324 14 0.3588 n 0.3595
2 0 0.0040 1 0.0822 8 0.2527 1 0.2225 3 0.1438
3 0 0.0124 4 0.1381 4 0.1280 3 0.0920 1 0.0383
4 1 0.0288 6 0.1740 0 0.0486 0 0.0285 0 0.0077
5 0 0.0535 4 0.1754 0 0.0148 0 0.0071 0 0.0012
6 3 0.0827 5 0.1474 0 0.0037 1 0.0015 0 0.0002
7 4 0.1097 3 0.1061 0 0.0008 0 0.0003 0 0.0000
8 3 0.1272 1 0.0668 0 0.0002 0 0.0000 0 0.0000
9 2 0.1312 1 0.0374 0 0.0000 0 0.0000 0 0.0000
10 2 0.1217 0 0.0189 0 0.0000 0 0.0000 0 0.0000
n 4 0.1027 0 0.0086 0 0.0000 0 0.0000 0 0.0000
12 3 0.0794 0 0.0036 0 0.0000 0 0.0000 0 0.0000
13 2 0.0567 0 0.0014 0 0.0000 0 0.0000 0 0.0000
14 1 0.0376 0 0.0005 0 0.0000 0 0.0000 0 0.0000
15 0 0.0233 0 0.0002 0 0.0000 0 0.0000 0 0.0000
16 0 0.0135 0 0.0001 0 0.0000 0 0.0000 0 0.0000
17 0 0.0074 0 0.0000 0 0.0000 0 0.0000 0 0.0000
18 0 0.0038 0 0.0000 0 0.0000 0 0.0000 0 0.0000
19 0 0.0019 0 0.0000 0 0.0000 0 0.0000 0 0.0000
20 0 0.0009 0 0.0000 0 0.0000 0 0.0000 0 0.0000
21 0 0.0004 0 0.0000 0 0.0000 0 0.0000 0 0.0000
22 0 0.0002 0 0.0000 0 0.0000 0 0.0000 0 0.0000
23 0 0.0001 0 0.0000 0 0.0000 0 0.0000 0 0.0000
24 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
25 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
26 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
27 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
28 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
N@S) | 25 25 25 25 25
n | 232 126 38 31 20
m 9.28 5.04 1.52 1.24 0.80

Similarly, onecanestmateNH, NMH, NUSLFH, andN4/5 for theyr 2006, following the same
procedureusedfor NS, usng the greatestoncentrabn intervalsfor the ratesof change Thus,for NH,
presuning NH, 4 for 2000to be about8.0+ 0.1, one computesNH for the yr 2006 to be about5+ 2;
for NMH, presuning NMH ;, for 2000to be about3.8+ 0.1, one computesNMH for the yr 2006to be
about3+ 2; for NUSLFH, presuning NUSLFH, , for 2000to beabout2.2+ 0.1,onecomputesNUSLFH
for the yr 2006to be aboutO (actually B2+ 2); and,for N4/5, presuning N4/5,, for 2000to be about
2.4+ 0.1, one computes N4/5 for the yr 2006 to be 2 (actyatiy?).
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Table 8. Pisson stastics for the more aste intervals 194591969 and 1995D2005.

NS NH NMH NUSLFH N4/5
r Obs. P(r) Obs. P(r) Obs. P(r) Obs. P(r) Obs. P(r)
0 0 0.0000 0 0.0010 1 0.0321 4 0.1313 3 0.151
1 0 0.0001 0 0.0067 15 0.103 12 0.2666 13 0.2855
2 0 0.0007 0 0.0233 8 0.1897 6 0.2706 12 0.2698
3 0 0.0026 4 0.0539 7 0.2175 n 0.1831 3 0.1700
4 0 0.0074 4 0.0936 3 0.1871 1 0.0929 3 0.0803
5 1 0.0170 3 0.1299 6 0.1287 0 0.0377 2 0.0304
6 2 0.0325 5 0.1503 3 0.0738 2 0.0128 0 0.0096
7 2 0.0535 6 0.1490 2 0.0363 0 0.0037 0 0.0026
8 5 0.0769 5 0.1292 1 0.0156 0 0.0009 0 0.0006
9 3 0.0982 4 0.0996 0 0.0060 0 0.0002 0 0.0001
10 2 0.129 1 0.0692 0 0.0021 0 0.0000 0 0.0000
n 5 0.181 2 0.0436 0 0.0006 0 0.0000 0 0.0000
12 4 0.131 1 0.0252 0 0.0002 0 0.0000 0 0.0000
13 3 0.1001 0 0.0135 0 0.0000 0 0.0000 0 0.0000
14 2 0.0822 0 0.0067 0 0.0000 0 0.0000 0 0.0000
15 3 0.0630 1 0.0031 0 0.0000 0 0.0000 0 0.0000
16 1 0.0453 0 0.0013 0 0.0000 0 0.0000 0 0.0000
17 0 0.0306 0 0.0005 0 0.0000 0 0.0000 0 0.0000
18 1 0.0196 0 0.0002 0 0.0000 0 0.0000 0 0.0000
19 1 0.019 0 0.0001 0 0.0000 0 0.0000 0 0.0000
20 0 0.0068 0 0.0000 0 0.0000 0 0.0000 0 0.0000
21 0 0.0037 0 0.0000 0 0.0000 0 0.0000 0 0.0000
22 0 0.0020 0 0.0000 0 0.0000 0 0.0000 0 0.0000
23 0 0.0010 0 0.0000 0 0.0000 0 0.0000 0 0.0000
24 0 0.0005 0 0.0000 0 0.0000 0 0.0000 0 0.0000
25 0 0.0002 0 0.0000 0 0.0000 0 0.0000 0 0.0000
26 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
27 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
28 1 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000
N(S) 36 36 36 36 36
n 414 250 124 73 68
m 11.50 6.94 3.44 2.03 1.89

At the time of writing this TP (December 2006) the 2006 North Atlantic basin tropical cyclone seasonis
ofpcidly over. To date, there have been nine storms, including no unnamed storms, Pve hurricanes, two major
hurricanes, no U.S. landfdling hurricanes, and no category 4/5 storms. At the beginning of the season, it was
generaly thought that because the current season is one that is part of a second long-term more active cycle
and because of the robustness of the 2005 season, numbers for the 2006 season probably would be higher than
average, especialy since ENSO appeared to bein the neutral phase. Theinitial ONOAA: 2006 Atlantic Hurricane
OutlookO(issued May 22, 2006; see <http:/mww.cpc.noaa.gov/products/outlookshurricane.shtml>) called for
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Figure 15.The yearly vaiation of the parameatr 10-yr movng average rates of change.
avery active season, with 13B16 named storms, 8B110 hurricanes, and 486 mgjor hurricanes. The bases for the

very active season (though less active than the 2005 season) were the warmer than norma SST, lower wind
shear, reduced sea-level pressure, and a more conducive structure of the African easterly jet. The ofbcial NOAA
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Table 9. Dstribution of parametc 10-yr movng average rates of change.

Rate of Change NS NH NMH | NUSLFH | N4/5
b0.5 0 0 0
D0.4 2 1 1 0 0
b0.3 3 4 4 1 0
D0.2 4 2 4 6 6
b0.1 12 15 9 7 6

0.0 3 8 14 26 21
0.1 1 6 8 5 10
0.2 5 5 7 1 5
0.3 2 6 0 3 2
0.4 2 1 3 0 0
0.5 1 2 0 1 0
0.6 2 0 0 0 0
0.7 0 0 0 0 0
0.8 2 0 0 0 0
0.9 1 0 0 0 0
1.0 0 0 0 0 0
Total 50 50 50 50 50
<P0.1 9 7 9 7 6
P0.1to +0.1 26 29 31 38 37
>+0.1 15 14 10 5 7

prediction, in fact, echoed earlier predictions by the team at Colorado State University in December 2005 and
April 2006, which called for the 2006 Atlantic hurricane season to be much more active than the 195082000
averages, including 17 named storms, 9 hurricanes, 5 mgor hurricanes, and the probability of aU.S. landfaling
hurricane being 55 percent above the long-term average (this being increased to 60 percent above the long-term
averagein their May 2006 update; see <http://typhoon.atmos.col ostate.edu/forecasts>).

Thingsbegarto changehoweverwith theAugustupdateln August2006,theNOAA outlookstill
calledfor anabovenormal2006Atlantic huriicaneseasonbutnow calledfor fewerstorms:12b15hamed
storms,7D9huriicanesand 3b4major hurricanesThe reasongited for the reductonswerea lesseing
of the atmosphdc and oceamc condtionsconduéve to a more acive forecast,a fastertranstion from
La Ni—a-like rainfall patternsanda very persstentupperlevel ridge patternover the easternJ.S. and
westernAtlantic basn.

Similarly, updatedrom ColoradoStateUniversity alsobeganto ref3ecta lesseningof activity for
the2006seasonln their August2006forecasttheyesimatedl5namedstorms,7 hurricanesand3 major
hurricaneswith the likelihood of a U.S. landfaling hurriicanebeing reducedto a proballity of about
40 percentabovethe long-termaverageln ther Septembeupdate the numberswere further reduced
to 13 namedstorms,5 hurricanesand2 major hurricanesblamng thereducedacivity to anunexpected
increasen tropical Atlantic mid-leveldrynesgowing to large amountsof Africandust)anda coninued
trendtowardEl Ni—o-like conditionsin the easterrandcentralPacibPc.The numbersvereagainreduced
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inther Octoberupdateto 11 namedstorms 6 huricaneganincrease)and2 majorhurricanesnoting the
rapd late summer development of an B+bl event that had not beeniargated.

Obviously, predcting exactlythenumberof namedstorms hurricanesmajorhurricanesandU.S.
landfallinghurricanegluringa seasomemainsamostdifbcult propositionto accomplishyvith unforeseen
(unpredictedeventslike El Ni—o andthe effectsof theAfrican dust,havinga dramaticeffect onthe pPnal
outcome. Even sat is a worthwile endeavor igldinginsghtinto the vagaes of Eartr€cimate>1P53

Asprevioudy noted, the2006 NorthAtlanticbasintropical cycloneseason (yr) endedwithNS=9, NH=5,
NMH=2, NUSLFH=0, and N4/5=0. These numbers alow for the exact determination of the 10-yr moving
averages of the parameters for the yr 2001N Namely, NS,,=14.6, NH;,=8.0, NMH,;=3.8, NUSLFH,=2.3,
and N4/5,,=2.4. Such values yield parametric rates of change for the yr 2000, respectively, equal to +0.2,
0.0, 0.0, +0.1, and 0.0. Thus, for the 51 years spanning 1950ER000, the distribution of the rate of change in
the 10-yr moving average of NS (table 9) is now <B0.1:9, £0.1 to +0.1:26, and >+0.1:16, indicating that the
expected NS, for 2002 should be about 14.6+ 0.1, with about 51-percent accuracy, and inferring NS=12+ 2
for the 2007 season, indicative of a continued above average (more active) hurricane season. The positive rate
of changefor " NS, for the yr 2000 is the 12th consecutive year having a positive value, the longest string of
same sign valuesin the span of 1950ER000.

Similarly, following the same procedure, NH for 2002 should be about 8.0+ 0.1, with about
59-percent accuracy, inferring NH=7+2 for the 2007 season; NMH,, for 2002 should be about
3.8+ 0.1, with about 63-percent accuracy, inferring NMH=5z 2 for the 2007 season; NUSLFH, for
2002 should be about 2.3+ 0.1, with about 76-percent accuracy, inferring NUSLFH=3+ 2 for the
2007 season; and N4/5, for 2002 should be about 2.4+ 0.1, with about 75-percent accuracy, inferring
N4/5=2= 2 for the 2007 season. If EI Ni—o continues for several months into 2007 (as predicted by
the Climate Prediction Center in December 2006# El Ni—o conditions are likely to persist through
May 2007), then the numbers forecast for the 2007 season, should be slightly reduced. If, however,
El Ni—o dissipates quickly and is not a modulating factor, then the numbers might be slightly
augmented, ref3ecting the continued more active state that has been apparent since the mid-1990s. In
fact, the early December prediction issued by Colorado State University researchers William Gray
and Philip Klotzbach calls for 14 named storms, 7 hurricanes, and 3 major hurricanes during the
2007 season (see <www.coloradoan.com> for December 8, 2006). Likewise, Mark Saunders of the
University College of London predicts 16 named storms, 9 hurricanes, and 4 mgjor hurricanes for the
2007 season (see <www.heraldtribune.com> for December 8, 2006). These predictions, as well as
the one presented above, based on the simple statistical expected rates of change, all suggest areturn
to higher than average NS in the 2007 season. So, once again, predicting the 2007 season appears
fraught with uncertainty, at least in these early stages of the prediction process, not knowing whether
El Ni—o will or will not be afactor in the 2007 hurricane season. It should be noted that the recurrence
rates of the extremes in the ENSO cycle, using the best ENSO index, favors areturn of La Ni—avery
soon. (For forecasts of the ENSO, see <http://www.cpc.ncep.noaa.gov/products/analysis monitoring/
enso_advisory/index.shtml>).
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3. SUMMARY

More thanhalf the U.S. populaton livesalongthe narrowcoastalfringeof the U.S. (see<http://
oceansefe.noaa.gov/programs/mb/supp_cstl_popoirahtm>), a large portion of this populaton
living alongthe coastsrom Texasto Maine. Foundherearemanyof the naion®shipping portsandair-
transportatiormubs,enegy-relatedendeavorsiood/Pshingndustriesandvacationspotsall of which can
be afectedt someimes qite harshly by huricanes, as égenced by 2005®atina.

Eachyearvarouscommercal, educaitonal,andgovernmentahgencesprovide educatedjuesses
(predctions,forecastsestmates)asto whatmight beexpectedor thenexthurricaneseaso# howmany
storms how manyhurricaneshow manymajorhurricanesthelikelihoodof alandfaling hurricanealong
thecoastalJ.S. etc. Thesevaliantattemptsarerequredbothto advanceour understanihg of climateand
to alertthe public asto the potentialfor damageandlossof life. As Max MaybPeld,formerDirectorof the
National Huricane Centeronce quoted, Olt only takes one tvaime to make a really bad y€at

In this study the staistical aspect®f the North Atlantic basn tropical cyclonesduringtheinterval
1945D2005ave beendescribed,looking specibcallyfor inferred trendsand examiningthe roles of
naturalvarnahility andglobalwarming asrelatedto them.On averagetherehavebeenabout10.6tropical
cyclonesin anygivenyr during the spanof 1945D2005yith yearlyratesrangng betweer in 1983and
28in 2005.Also, on averagetherehavebeenabout6.2 hurricanesperyr, rangng betweer? and15 per
yr; 2.7 majorhurricaneeryr (thoseof category3b5 havng peaksustanedWS " 111 mph)andrangng
between0 and8 peryr; 1.6 U.S. landfalling hurricanesperyr, rangng between0 and6 peryr, and1.4
category4/5 eventsperyr (havng sustanedWS " 131 mphandrangng betweer0 and5 peryr). Onthe
basisof the bestENSO Index, therehavebeeneight EI Ni—o yearsand Pve La Ni—a yearsduring the
spanof 1945D2005During EI Ni—o years the frequencyof tropical cyclonesin the North Atlantic basn
is reduced, while during La Ni—a years the frequency tends to be augmented. Prior to the 2006 season,
El Ni—o last occurred in 2002 and LaNi—alast occurred in 1988. Based on their average rates of recurrence,
either type event could have occurred during the 2006 season, although at the start of the year atmospheric
and oceanic conditions ref3ected a continuing neutral phasefor the ENSO cycle; asyet, there has not been a
La Ni—a event during the current more active cycle, and a short-lived El Ni—o was observed at year@ end.

On the basis of 5-yr averages, the 5-yr intervals of 1995P1999 and 2000E2004 had the greatest
number of tropical cyclones during the twelve 5-yr intervals spanning 194582004, averaging about
69070 storms, including 39 hurricanes, 18019 magjor hurricanes, 10 U.S. landfalling hurricanes (3 striking
as mgjor hurricanes), 11B12 category 4/5 hurricanes, and 2E8 storms having LP<925 mb. The next 5-yr
interval, 200582009, seems poised to have numbers comparable to or even higher than the previous
two 5-yr intervals.

While the bulk of the tropical cyclones have occurred during the months of JuneENovember, on

rare occasions (19 events) they have occurred during DecemberEMay, with none, as yet, having occurred in
March. The months of AugustBOctober have accounted for 78 percent of al tropical cyclones, 84 percent of
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all hurricanes, 93 percent of al maor hurricanes, 86 percent of all U.S. landfalling hurricanes, 93 percent of
all category 4/5 hurricanes, and 100 percent of al hurricanes having LP<925 mb. The state of Florida has been
struck more times (38) by hurricanes than any other state, nearly twice as much as the states of North Carolina
(22) and Louisana (20), the second and third most frequently hit states.

Based on the movement of the mean yearly GL, the average GL of tropical cyclones was south-
ward of 22.2j N latitude and westward of 65.4j W longitude during the brst more active interval (1945D
1969). During the less active interval (1970B1994), the average GL was northward of 22.2j N latitude and
eastward of 65.4; W longitude. Now, in this second more active interval (since 1995), while there has been
areturn to latitudes southward of the long-term average latitude, the GL remains eastward of the long-term
average longitude.

Interestingly, PWS, <PWS>s, and <PWS>h, as well as, <D>s, <D>h, and <D>mh (with LP, <LP>s,
and <LP>h varying inversely) display variations that suggest higher values during the more active years and
lower values during the less active years. Indeed, the various parameters are strongly correlated and all appear
highly correlated against surface AT asdetermined by theArmagh Observatory in Northern Ireland, particularly
since 1989. Thus, the less active years appear to associate with a cooling, while the recent more active years
appear to associate with awarming. Removal of the temperature dependency, however, yields residuas that
still appear to vary systematically (cyclic variations of decadal or multidecadal lengths).

The distribution of parametic 10-yr moving averageratesof changeis strongly centeredon
a yr-to-yr rate of changebetweenb0.1land+0.1. Hence,onecanuseit to crudelyestmatethe numbers
of tropical cyclonesandhurricanesfor the upcomng seasonBasedon that simple staistical technque,
the 2007 seasorshouldbe one aboveaverageand more robustthanthe 2006 seasonbut not asrobust
asthe 2005seasonhaving about12+ 2 tropical cyclones,7+ 2 huricanes5+ 2 major hurricanes 3+ 2
U.S.landfaling huricanesand2+ 2 category4/5 hurricanesDependentuponwhetherEl Ni—o perssts
into the prstseveralmonthsof 2007,thesenumberswill be slightly reducedor augmentedif El Ni—o
abruptly ends.
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