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Abstract

The investigation of thenterannual and interdecadal variations in hurricane activisy ha
been an important topiof studylately, especially with regard to their implications for climate
change issues. On the interannual tgoale,the El Nifio and Southern Oscillation (ENSO)
phasehas been correlatedvith hurricane activity in the Atlantic and Eastern Pacific Ocean
Basins. For example, arious atmospheric and oceanic parameters that influence hurricane
development become significantly altered duriag EI Nifio event, leading to suppressed
easterly wave development and growilthe Atlantic, but more activity in the Eastern Pacific
Ocean basinThis study examined the interannual variability of hurricane intensity (measured as
wind speed and interpied through the SaffiSimpson Scale) from 1938 througB07 in the
Atlantic and 1970 through 200in the Pacific basing respectively These data were then
compared with the occurrence of El Nifio/La Nifia events as defined using the Japan
Meteorological Asociation (JMA) index. ElI Nio/La Nifa variability superimposed on
variability associated with the PacifigecadalOscillation (FDO) was also examined here. Not
surprisingly, during an El Nifio year the intensity of Atlantic hurricanes was found to berweake
than during a neutral year or a La Nifia ydar these conclusions were opposite in the Eastern
Pacific Ocean basiThere were also significant differences found in hurricane intensity between
El Nifio and La Niia years when theDO was in phase {warm phase) rather than when the
PDO was in phase Zcool phase) This study also examined the interannual variation in
hurricane intensity by genesis region (i&tlantic: the eastern and western Atlantic Ocean
Basins, the Caribbean, and the Gulf of Mexi€astern Pacific: divided into quadrants usin§ 20
N and 128 W). Finally, the utility of this information in a lorgange forecast application is

demonstrated.



1. Introduction

While the interannual variability of hurricane activity has been studiezhsixtelyover the
last few decadegshere has been a recent incre@asthe interest othe interdecadalvariability of
hurricaneactivity (e.g., Hendersce®ellers et al.1998 Emanuel, 2005; Webster et &005
Schultz, 200Y. This interest has been prpted by severadctive hurricaneyears in the Atlantic
Ocean bsin as well as concern about changesurricane frequencthat may bea result of
changes irka r t h 0 s. Thede iach\ve tyearscluded the 2004 seasorduring which several
storms struck IBrida, and the 200Seasorwhich was the most activieurricane seasosince
1933. Some studiese.g., Lupo and Johnston (2000hdreafter LJOY suggested that there is
significant interdecadal variability in the occurrence and intensititlaintic region hurricane
activity, and that this variability may be linkéolthe Pacific Decadal Oscillation (PDO).

More specifically, LJOO found that there was a change in the behavior of interannual
variability of tropical cyclone occurrences the North Atlanticas related to the El Ro and
Southern Oscillation (ENSO). Duriritpe negativephaseof the PDO (19441976), they found
little ENSO related variability in the number and intensifyhurricanesasin wide. However,
during the positive phase of the PDO (1971999) they found that there was strong interannual
variability between El Nio and La Niia years. During La Na years, there were more and
stronger hurricanes overall even though there were fewer months with significant hurricane
activity. Also, therewere more Caribbean and Gulf region hurricanes during If@a Nears.
Additionally, studies have shown that since 1999 (see Lupo et al.&2@Dreferences therein),
the Pacific Ocean basin region has reverted back to the negative phase of the PDO.

Recenly, Vimont and Kossin (2007) (and Kossin and Vimont, 2007) found a strong

correlation in the North Atlantic between accumulated cyclone energy (which is positively



correlated with tropical cyclone activity) and the Atlantic Meridional Mode (AMM). In their
work, they also find that the Atlantic Multiecadal Oscillation (AMO) may excite the AMM on
a decadal time scale. Thus, these indewdsch quantify the climatological background state,
correlate with tropical cyclone activity on the decadal time s@&i¢O) or both the interannual
and decadal (AMM) timescales. Additionally, interdecadal variability as related to the PDO in
the tropical and midatitude background climatological state have also been demonstrated in
other studies (e.g., Deser et al. 2002806, and Deser and Phillips 200@nd several studies
have discussed the synergistic relationship between oceanic and atmospheric conditions needed
for an active tropical season (e.g., Zuki and Lupo 2008)

Thus, he goal of this work ighreefold. The first is to examine Atlantic Oceabasin
hurricane activity from 2000 2007 and place it into context with respecttte earlier work of
LJOO. In performing this analysis, the 200%urricane seasoprovides a case studpnd a
rationale for the excessvactivity is given The second is to fanalyze Atlantic Oceabasin
activity published in LJOO. Some changes in the classification of ENSO years have taken place
recentlysincethe publication of LJOQe.g., 197/has beeme-classified as a La Ha year see the

Center for Ocean and Atmospheric Prediction Studies (COAPS, Wiipvitoaps.fsu.edu as

well as changes in the classification of some hurricanes (e.g., Andrew,vi&92classified as

a category 5 stom). While it is hypothesized that these changes would not make substantial
changes in the LJOO climatology, an update is necessary to preserve the integrity of the
previously published results. Lastly, the methodologies of LJOO were applied to hurricane
adivity in the East Pacific Ocean Basiss a similar comprehensive study of East Pacific Ocean

hurricane activity including apartition of the hurricanactivity into subbasins,is not available
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elsewhereAdditionally, an analysis of tropical storm aaty for both basindollowing Schultz

(2007)is added here.

2. Data and Methods
The data andnethods are similar to those used by LJOO, and more detail regarding some
of these subjects can be found there ian@ferences thereiffhus, only a bef review is given

here and differences between this study and LJOO will be highlighted.

2.1 Data

The tropical cycloneoccurrence and intensity data (1938 thro@gb6 1 Atlantic, 1970
though 2006 i East Pacifit were downloaded via the UNISYS websé
(http://weather.unisys.com), and these data can also be found in other archives (e.gA LJOO)
complete description of &sedata set andtheir reliability (e.g., Landse&a993)can be found in
Jarvinen et al. (1984pr the Atlantic, and Davis et all984) for the East Pacifi¢n this study,
we use the term tropical cyclone to include both hurricanes and tropical storms. LJOO did not
include tropical storms their analysis, and here tropical storms refer only to those entities that
obtained maximumvind speeds between 3564 kt Tropical cyclonedatain the Atlantic basin
before 1938 were not us@dthe studyas explained in LJOO, and following their leddiststudy
only uses SaffiSimpson (Simpson 1974) hurricane intensity ddta.order to elinnate
problems with some of the data as discussed in LJOO, we conthiméchne intensity categories
(category 1 and 2 weak; categry 3, 4, and 5 intensé following Landsea1993. The use of

the SaffirSimpson intensity scale preclutihne use ofropical cycloneinformation prior to 1970



in the East Pacific basin since before this date, most stormsswgoéy assigned as a category 1

(e.g.,see Schultz 2007).

2.2 Methodology

The complete archive for the years discussed above foAtlamtic Ocean Basin (Fig.
1a) and the East Pacific Ocean Bagifg. 1b)were examined in this studyArithmetic means
and correlations were analyzed, and means were testethf@ticalsignificance using a two
tailed zscore test, assuming the null hypothesig.(eNeter etal. 1988). Intensity distributions
were also tested usingyd statistical test. These distributions were tested using the total sample
climatology as the expected frequency and apsernd as the observed frequencyhdis been
hypot hesized that using the <climatol ogi cal f
appropriate than using an approximated distribution since such analytical distributions (e.g.,
Poisson distribution) may not adequately representwedt distributions(e.g., Lupo et al.
1997 LJO0). It should be cautioned that while statistical figance reveals strong relationships
between two variables, it doe®t imply cause and effect. Conversely, relationships that are
found to be strong, but not statistically significant may still have underlying causes due to some
atmospheric forcing prose or mechanisife.g., Lupo et al. 1997;J00).

Finally, the data were stratified by calendar year since the normmgical cyclone
season is recognized as startinglofune and ending on 30 November (15 May 2ih@ctober)
in the Atlantic (East Pacd) Oceanbasin We then analyzedhe annual and monthly
distributions oftropical cycloneoccurrence in order to find both long and skerm trendsn
season lengthvithin both the total sample and each intensity category. The samplelsgas a

stratifiedby subbasin inthe Atlantic Ocean basiiollowing LJOO. TheEast Pacific Oceabasin



was stratifiedinto quadrants divided by 12% and 26 N. Hurricanes(tropical storms)were

assigned to the basin in which they first reached hurritaoical storm)status.

2.3  El Nifio andPacific DecadalOscillation Definitions

As in LJOO and references thereine tJapan Meteorological Agency (JMA) ENSO Index
was used in this study. A list of ElIid (EN), La Nfia (LN), and Neutral (NEU) yearssed here
is digplayed inTable 1 In addition to consulting LJO@& more detailed description of the JMA
ENSO Index can be foundn the COAPS website. In summary, the indeses longerm
running mean sea surfad¢emperature (SST) anones fromthe Nifio 3 and 3.4 regiain the
central and eastern tropical Pacific (e.g., Pielke and Landsea 1999). The SST anomaly thresholds
used to define EN years are those greater tharf €).less thar0.5’ C for LN years, and NEU
otherwise.These thresholds are also similar togéused by Schultz (2007) for his study of East
Pacific hurricane activityThe JMA ENSO criterion defined the ElMdi year as beginning on 1
October of the previous year. This definition, however, was modidikmlving LJO0so that the
El Nino yearcoincided with the Atlantic and East Pacifiburricane seasan

The DO (also known as the North Pacific Oscillation [NPO] in some studses)50 to
70 yearoscillation recently describg@.g., Minobe 1997Mantuaet al. 1997 within the eastern
Pacific Ocea basin. As defined by Gershanov and Barnett (1998), the paositaren) phase of
the DO (Fig. 2) is characterized by an anomalously deep Aleutian Low. Cold western and
central north Pacific waters, warm eastern Pacific coastal waters, and warm trauidel P
waters also characterize this phase of tBOP Following LJOO this phase is referred to as
PDO1. Thereverseconditions characterize theegative(cool) phase of PO (Fig. 2) and these

conditionsare referred taas ADO2 (e.g., LJOO) Each ®O periad, or era,is defined using



calendar year(seeTable 2) and this information caiso be found in Gershanov and Barnett
(1998)and Lupo et al. (200.

Landsea (1993), Gray et al. (1997), and Landsea et al. (1999) have demonstrated that
hurricane actity is tied to changes in the loitgrm pressure patterns in the Atlantic Ocean
basin €.g.,the North Atlantic Oscillation, or NAO). Deser et al. (2004) also demonstrate that sea
level pressure and other background varialféeg., wind shearhave displagd interdecadal
variations, and Vimont and Kossin (2007) correlate these to Atlenajiecal cyclone activity.
LJOO found that the influence of the PDO was marefé$ty changes in the ENSf2lated
variability, specifically, that there was little or no BN relatedvariability during PDO2, and
significantly fewer and less (more and more) intense hurricanes duringid(INi Niia) years
during PDO1.As stated by LJOO,he NAOrelated variations iriropical cycloneactivity can
make interpretation of PO-related hurricane variability more difficult given the overlap in the
time scales between theDP and longterm variations in theNAO. Many studies have
speculatedthat these decaede-decade variations in Atlantic hurricanare forced by a
combination of bth. However, no stues separating hurricane activity by phase of the PDO
have been grformed on East Pacific Ocearadin hurricane activityas of yet and it is
hypothesized here that the relationships described in this paragraph would be the @bposite
thosefound in the Atlantic Ocean Basi@Qur hypothesis is based on theatial patterrof the
relative warmth of the Eastern Pacific SS@seach phase of the PD&% described abov@nd
shown in Fig. 2) This hypothesis isimilar to that of theorrehtion of the ENSO phase withis

regionds tr opi(ealhulz, 2004 andotherg.ct i vi ty



3. Atlantic Ocean BasinHurricane Activity Revised and Extended to2000- 2007

As stated in the introduction, there have been some changes togihalatata setused
by LJOO. Additionally,the latest sevehurricane seasons have been added since the original
publication of LJOQ and tropical storm information is included heféus,since this work is
partially an update of LJOQhis section willfocusonly on major changes in th&tlantic basin

climatologysince LJOO, as well as the most recent activity.

3.1 Atlantic hurricane activity: 2000 2007

During the 2000-2007 tropical cyclone seasonhere weres2 Atlantic hurricanes, which
meansthat tre years sincehe LJOO studywerethe most activeluring the 1938 2007 record
However,the Atlantic tropical cyclone seasons since 198be been relatively active. ring
the six year period from 1995 2000, there were 48urricanes(81 tropical cyclons), while
during the years from 20012006, there have been #drricaneg94 tropical cyclones)n spite
of the fact that 1%wrricanesoccurred during the 2005 seasdwo other sixyear periodsvere
compared to treetwo recent eras and both of thesslier periodoccurred before the satellite
era In particular,43 (37) hurricanes and 62 (74) tropical cyclonescurred from 1884889
(19321937).Thus, it would be reasonable to consider the activity of thesgtiedlite era periods
as comparable tthe modern erassince it is likely thatsometropical cyclonesvere missed
during the presatellite era

Additionally, during the 2000 2007, there were 2 intensehurricane(category 3 5),
which represented74s of all stormgTable 3) This comparewith the LJOO study in which 42%

of all storms were intense during the previous 62 years. This indicates only a slight increase in



the ratio of intense storms overallhe increased activity of the latest period, however, is less
than 50%, which was the mber of intense storms for the-§8ar period of 1949 (Table 3).
Thus as shown in Table3 and 4for the entire 69-yearrecord theinclusion of the last seven
years does not make angteworthychangein theratio of hurricane intensitie®r the oveall
Atlantic Ocean basin activityThe addition of tropical storm data e&not significantly change

theoverallresults of LJOither.

3.2Trends and interannual variability

LJOO reported that thereene no statistically significant trends in the Atlanticc€an
basin hurricane activity. Adding the 206@Q007 hurricane and tropical storm occurrences does
not result in any changa the trends for the occurrence of categoiy®2storms, in that none of
thesetrends wee statistically significant (not show} the 95% confidence leveThe trend in
tropical storms and category 1 hurricafest shownwould show anricrease stronger than that
in Fig. 3, which shows the overall trend for the total number of hurricésigsificant at the 90%
confidence level)Whether thisupwardtrend is real is clouded by two issues. The trend could be
the result of 1) the problem of thenalohgprtuit
time serieqthe recent activity could be the peak in a ldegnm oscillation) or 2) that the earlier
part of the 69year periodvasin the presatellite eraand $orms may have been undercountied.
is likely that both of these factors are contributing t@ thverall increaseNonetheless, if the
19702007 period only wa used, thee was an increase in the occurrenck Atlantic basin
tropical storms and category one hurricaand thdrendswere alsostatisticallysignificant (not
shown) at the 95% confidence leveHowever, an examination of Fi@. suggests significant

interannual ariability as found by LJOO.



The addition of the 200007 hurricane occurrences amagpical storm activity did not
impact greatly the overallresultspresented by LJOO in terms of where these storms @owlir
their interannual variability (Table 50nly the Gulf region was slightly more active when
considering tropical storm occurrences, and there were a few more western Atlantic tropical
storms during La Nia years.The interdecadal variabilityith respect to the PD@& likewise
unchanged by the aduih of tropical storm data (Tab&), since therevere not significant year
to-year variations in the tropical storm numbers. PDO2 years are marginally more active than
PDO1 years, which LJOO attributed to weaker and less frequenfti&leNents. Also, thetrong
ENSOvrelated variations itiotal tropical cyclonenumbers during PDO1 years is still a feature

found in this studyvhen tropical storms were added to the data set.

3.3 The active 2005 hurricane season, a case study

Of all theyearsin the Atlanic Ocean Basin2005 was the most activ€his is likely the
result of the convergence séveralfactorswhich were favorable for the occurrence of Atlantic
hurricanes Tropical SSTs were warmer than normal within the key regions of the Atlaetic
Fig. 4). We also note here thatluring the 2005 hurricane seasatme tropicsexperienced the
strongestkasterly phase of the Qudsennial Oscillation (QBO)n recent decades (Fi§). The
easterlyphaseQBO has beerfound to be correlated favorably to ineged Atlantic hurricane
activity (e.g. Gray, 1984h Elsner et al., 1999n the past. Recently, the QBO has been found
not to correlate well to Atlantic hurricane activityr at least noto enhance or inhibit itn La
Nifia years (e.g., The Tropical Metorology Project - TMP -

http://hurricane.atmos.colostate.edu/forecaste Ricks et al. 2007 Nonethelessdue to the

decrease upper tropospherigvind shear over the Atlantic basauring the heart of the2005
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hurricane seasorthe upper level winds were favorable for supporting tropical cyclones (see
TMP site) The warmer SSTs and the QBO phadermation can befound by accessing the
monthly  Climate Prediction Center (CPC) Climate Diaguostics Bulletin (see

http://www.cpc.ncep.noaa.gpvpublished in hard copy by the Natan Centers for

Environmental Prediction (NCEPinally, 2007 was ayear withLa Nifa-type SSTs (but was

not classified as La Nifiayearby COAPS, and that would be expected to weaken the Atlantic
Ocean basin subtropical trough during that year as well (not sh&esoall,La Nifa yearsvere

more activeoverall in the Atlantic (Table 4) A strong subtropical Atlantic troughas been

shown to correlate with decreased hurricane activity because of the increased wind shear over the
Atlantic (e.g., Goldenberg and Shapiro 1996frong wind shear is not favorable to tropical

development.

4, East Pacific Ocean Activity 1970- 2007
4.1 Climatology and Long Term Trends

Including tropical storms, there wer@®%East Pacifidropical cyclone events included in
the 3B-year sample. This resulted in an average o8 1i®pical cyclones per seas¢hable 7)
This includes 26 tropical storms (73 per year) and 483 hurricanes (@ per year). As expected,
the number of category 1 storms was the large20)(land there were Bbintense storms
(category 35), which represented 486 of the hurricane activity. This compares to 42.7%
overall in the Atlantic Oceabasin overall.

The overall trend demonstrates that there was a decrease in the East Pacific Ocean (Fig.
6). However, this trend was natatistically significant. Thisoverall trend wa®ppositeto the

Atlantic basin where therwas a statistically significaiicrease in activitybut for the combined
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basinsthis means there was rstatistically significantrend upward or downwardit is noted
here that trend lireshownn Fig. 3andFig. 6aresimple linear best fit (regreiss) modes. The
two time series (from 1970 for the Atlantic regioodprrelatel to each other negatively
(correlation coefficient 0f0.35, significant at the 90% confidence level), and this will likely be
explained bythe interannual variabilityn hurricane activity for both basinbeing opposite one
anotheras discussed belown examination of the trends in ea€hst Pacific hurricaneategory
would demonstrate that only the category 3 (5) storms showed a significant downward (upward)
trend, while theest of the categories showed no significant trend.

A breakdown by montliTable 8) indicates that May is the first month that significant
tropical cyclone activity beging the East Bcific. Augustwas the most active month witfb2
total storms occurringpver the 8 year climatology (4 tropical cyclones per yeaahd by
November, this region is relatively inactive. Thus, the East Pacific seaa®moughly one
calendar month ahead of the Atlantic seasoresult similar to Davis et al. (1984) and Schultz
(2007) By geographic regiofiTable 9) the souteast part of the East Pacific svéhe most
active and ©% (8%) of the hurricane (tropical storm) occurrences happen within this region.

Only five tropical cyclones, including two hurricanes occurred énrtbrthwest region.

4.2 ENSO and PDO Variability
During El Nifio years, there were more tropical cyclones in the East Pacific (Tgble
and this included more storms reaching hurricane strength, especially intense hurricanes, in this
region thann La Nifia years. This might be expected as the waters in the East Pacific are warmer
during El Nifio years. Whilethe greater overall frequency of EIfidi year tropical cyclones

not statistically significant, it is opposite of the ENSO variability in Atiantic Oceanbasin.
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When separating by PDO phadeable 10, it can be shown that theveas little overall ENSO
variability in PDOZ2 years, while the ENSO variabivsas accentuated in PDOL1 years (two more
hurricanes and four more tropical cyclones alleturing El Nifio years) as it was in the Atlantic
region (LJOO) except here El Nib yearswere more active (a result significant at the 90%
confidence level) These were years characterized by stronger warm ERSDanomalies
located closer téthe Americas (see Lupo et al. 200 or over the East Pacific region, especially
the southeast portion of our basin of study. This provided the rationale for the breakdbwen of
East Pacific Region into stliasins.

In order to determine if there were variationstie intensity of storms, LJOO used
histograms and compared their distributions, testing these for statistical significance. For the
overall East Pacificsample, there were no significant differences in the distribuiiBits 7),
even though the differeas in the hurricane frequencies (Table 7) demonstrate that iweze
differences in th@verall averagefor the occurrence of intense storms. During Ptb2re was
little ENSO-related interannual variabilityand PDO1 (EN years significantly more aedjvthe
results weralifferent even if therevere nostatisticallysignificant differences in the distributions
(which canbe inferred from Table 10. There were clearly more intense storms during EbNi
years (5.0 versu.8 for La Nifia and 1.8 for Neusi years)for PDO2 yearsHowever,the real
substantive differences between hurricane occurrences infiel &fid La Niia years during
PDO1 were the result of a greater number of weaker hurricanes and tropical teerRDO1
resultis consistent with theesults of Schultz (2007), who used a different methodology but
found that during more active years, there were a greater number of weaker Stbisnss
however,different from LJOO, who found thah the Atlanticthere were more intense storms

during La Nifa yearsgspeciallyin the PDO1 phase.
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Comparing the length of thEast Pacificseason by examining the monthly occurrence
(Table 8), shows that during El Ro years, tropical cyclone activity is greatest from May
through November, while in La Ra yeaars, the season is shortprifnarily Junei October). The
seasonal variatiain tropical stormsversushurricanes were similar overall. However, the
seasonal peaik eachENSOphase occurred in different months. During EfidNyears, the peak
in tropicalcyclone activity was clearly August, while in neutral years the peak was later (August
| September), and earlier (July / August) in LaidNiears. There was little difference in the
ENSOvrelatedseasonal cycldsetween the phases of the PDO here (not show

A breakdown of tropical cyclone activity by geographic region demonstrated that the
southeast region was the most actiaed varied simildy to that of the total sample discussed
above The northeast region, however, was relatively more active iNifia and neutral years,
while the southwest region was more active in Eid\and neutral years (Tal®. During the El
Nifio years, this reflects the fact that warmer SSTs were located over the East Pacific formation
regions (see Lupo et al. 200 8spedlly in the southern sectargvhile nearly all of the intense
hurricanes were in the southwest and southeast regions, neither region had a significantly higher
proportion of category 4 and 5 storms. Only boericanewhich formed north of 20N achieved
category 3 status. A separation of these data by phase of the PDO (not shown) would reveal that

the ENSO variabilitydescribed above is independent of the phase of theiRE@ East Pacific

5. Discussion
5.1 Climatology
As a result of this work, it washown that by extending the results of LJOO, there was

little change overall in the climatology of the Atlantic Oceaasin hurricane activity. By
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examining the active 2005 season, it was shown that several factors known to cuwitblate
increased hurrene activity in the Atlantic Ocean basin were favorable during that hurricane
season.Thus, this very active season can be explained using traditional analydebe
convergence of favorablmospheric and oceanic processes (e.g., Zuki and Lupo 208t
necessarily invoking climate change as the cause of the active seasever, it is conceded

that climate change as a factor cannot be ruled out as changes in climate could be reflected in the
background atmosphere and oceanic conditions whichrggeeto tropical cyclone formation.

Also, it is likely that, while this season was quite active, the disparity in the numbers between
2005 and the next most active year, 1933, was probablysgoeatas theobservechumberg27

versus 21)}ue to the lak of satellite observations early in the recofdlditionally, the final
conclusion of LJOO was that the next few years after 1999 would be more active hurricane
seasons in a manner similar to that of the 1940s through 1960s. Table 3 verifies theamasserti

a more active 200Q007 period. During theseeight years, onlyduring the 2002and 2007
season were therefew hurricanes an@002was an EIl Nio year. However, there were more
tropical storms than a typical year duringgsbseasoa Thus, the workof LJOO successfully
projected longterm increases in hurricane activity.

In the East Pacific, El Nib years wee more active hurricane seasowhich implies that
SSTsmay have been strongr factorthan the atmospheric background siatéhe interannua
variability of the occurrence and intensity of hurricanasthis area of the worldTrhis may be
especially true during PDOL1 years. This also implies that East Pacific hurricane dws/ign
inverse correlatiorto Atlantic Ocean basin activity and, uk to the QBO. However, the
atmosphere maglsobe more conducive to East Pacific hurricane activity during EbNjears.

Zuki and Lupo (2008) demonstrate tlaafavorableatmospheric background state fsimportant
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factor in seasonalropical cyclone ocurrence and that warm SSby themselves will not

guarantee an active season.

5.2 Hindcasting the 200R005 seasons

When forecastindand hindcastinghurricane activity in each basin for the upcoming
season (Table 1X)om 20062007 in a manner similato that demonstrated by LJOO for 1999, it
is shown that this work can be used to produce reliable forecasts. Since a forecast of the
geographical distribution of storm genesis regiaas givenusing their methodwe evaluated
the forecast using the saroelculation used taleterminey? for the statistical testNeter et al.
1988) Thus, a lower scorerepresents better forecast, or shows an annual distribution closer to
that of the climatological contingency forecast used by LJ00. The years 2005 presumed
that the forecast ohe ENSO phase was correct as Ld@bfor 1999.In the Atlantic, thepoorest
hindcast was that fothe 2005 seasonin which every basin was quite active and, thus, large
errorsin hurricane occurrenceere recorded in each category. However, an active didanot
guarantee a high score e 2003 and 2004easonsvere similarly active, but the hindcast for
the2004seasomwas much better. In the East Pacific, the hindcasts were better overall and this is
likely due to the fact that the southeast regi@muhates the activity in this basin. Thus, the
threshold for what constitutes a good forecast should probably be lower in this, ragtn
several more years would be needed in order to establish a recommendation

For each of these years, the ratio ofptcal storms, weak hurricanes, and strong
hurricanes was similar to what should be expeclables 6 and 10). Thiwould result ina
forecast ofa decreasing frequency in each categidrgtronger windsexcept for PDO2 El Nio

years in the East Paciftegionwhere more strong storms than weak storms are expetidte
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Atlantic, only 2004 did not conformeasonablyto the expected intensitylistribution (ve
observed3 weak hurricanes and 6 strong). In the Paaifid foreach of these yearmtensities

were reasonablizindcast (not shown).

5.3 Forecasting the 2006 2007 seasons

For the 2006and 2007seasos a true forecast was made in January and February
assuming that the 200#hd 2007seasos would be a La Niatype season based on the SSTs
(see lupo et al. 2007, their table 1). A weak ERbISST pattern set in during thedaummer
to-early autumn during the height of tB@06 hurricane seasoifhe 2007 season was predicted
to be a La Nina yeain the Atlantic, the2006 and 2007orecass werestill fairly goodcompared
to the previous years, and this is likely due to the fact that during PDO2 years, the distribution of
tropical cyclones wa fairly similaracross each phase of ENSThe distribution of théropical
cycloneintensities 2006:five TS, three weak, two stromgirricanes2007:tenTS, three wek,
and two strondhurricaneywas also similar to the expected (five TS, four weak, and three strong
hurricanes

In the East Pacific, the 2006 forecast was better than three pfatieushindcasts, but
worse than the other thre€onverselythe 2007 forecast was not very good even though the
overall number of storms was close to what would be expected. There were more (fewer) tropical
cyclones in the southwest (southeast) mdirthe EastPacific basin than expectedhe 2006
tropical cycloneintensity forecasts for this region (seven TS, five weak, three stnwag)
somewhat good, except that there werere strong stormsbserved (eight TS, five weak, 6
strong)than expectedin 2007, tle intensity forecasts were better, even if the overall numbers

were lower (10 TSthreeweak, one strong) Thus, 2006and 2007Avere not as well forecasas
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most of the hindcasts shown in Table The 2007 forecasts for both regiomeresimilar to that
of 2006, since weak El Ko conditions collapsed in February, 20@Ad neutral to La Nia

conditions could reasonablbe expectedo develop(Fig. 8).

6. Summary and Conclusions

The climatological behavior of tropical cyclone activity in the Atlantic &adt Pacific
Ocean basinsvas examined using the methodologies of LJOO. In the Atlantic, an update to
include the 2000 2007 seasonsas well asa re-categorization of hurricanes (e.g., Andréw
1992) or ENSO vyears (e.g., 1974 becomes a Ifa Mear) wasncluded.Tropical storm activity
was also added to the Atlantic databdsethe East Pacific, a thorough breakdown of the
hurricane and tropical storm activity from 19v®007 was examinedn a manner similar to
LJoO

The major findings for East Paiciftropical cyclone activity demonstrated that there were
16.3 storms per year (9.hurricanes and 3.tropical storms)which was a greater amount of
activity than found in the Atlantic Ocean basin. The long term trend showblda slight
decreasgnot shtistically significant)in East Pacific tropical cyclone activity, and this was
oppositeto that of the Atlantic which showedlstatistically significanincreaseThe combined
basin trendvas not statistically significantsothat eithertrendfor these basinsis equally likely.
Therewas aslightly higher percentage dfhtense hurricanes in the East Pacific than in the
Atlantic region, even though there were a few more intense hurricanes in the Atlantic region

during 2000i 2007 than that found in LJOOThe southeast part of the East Pacific ocean basin
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wasthe most active, and the seasonal actiyggason beginning, peak, and ewds about 15 to
30 days earlier thattatin the Atlantic Ocean basin.

An examination of the interannual variability demwated that there were more East
Pacific tropical cyclones during EI Rb years, and that this was mainly accounted for by more
storms becoming intense hurricanes than during lfa Mears. The tropical cyclone season was
one or two months longer in El Nio years, whilemore storms formed in theoutteast and
souhwestpart of the EasPacific Ocean basinlhis is likely due to the fact that ENSO years
bring warmer waters to the East Pacific region. When breaking down the ENSO years by phase
of the PDO, th&aNSOrelated differences in occurrence and intensity and geographic formation
region are accentuated in PDO1 yedmst were blurred in PDO2 years. This ENSO and PDO
related variability is similar to that occurring in the Atlantic (LJO0), except thaienAtlantic
more storms occurred in La fiéi yearsand they were more intense

Additionally, it is hypothesized here that the Atlantic hurricane season of 2005 was so
active not only because of the recent increase in hurricane aethityn may be assodiad with
the PDQ but alsopossibly dueto decreased upper tropospheric shear over the Attaich
may have beeassociated witla stronger easterly phase of the QBIOng with warmer than
normal SSTs

Finally, it is shown that this worknay havesomeforecasting utility by using the same
hindcasting method of LJOO, except here we assign each season frorm 2008 a forecast
score based on a statistical distribution calculatidnis approachincluded assuming that the
ENSO forecast was correct. Whithe hindcasts for most of these years were reasonable, more
seasons will be needed in order to evaluate what would constitute a good score in each basin.

Two true forecastwere made for the2006 and?2007 seasog and in the Atlantic, the forecast
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wererelatively good In the Pacific, tharopical cycloneseasorforecass wererelatively poor
which may have been due to a poor ENSO forera2006 This work, however, is preliminary

and data from additional seasons will be used to verify our approach.
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Table 1. A list of years examined in this study separated by ENSO pliasecurrent year is in

parenthesis and is not officially classified yet.

La Nifia (LN) Neutral (NBJ) El Nifio (EN)
1938 1939 1940
1942 1941 1951
1944 1943 1957
1949 19451948 1963

1954- 1956 1950 1965
1964 19527 1953 1969
1967 19587 1962 1972

1970- 1971 1966 1976

1973- 1975 1963 1982
1988 19777 1981 19867 1987

1998- 1999 1983i 1985 1991
(2007) 1989i 1990 1997

19927 1996 2002
200071 2001 2006
20032005

Table 2. Phases of the Pacific Decadal Oscillation (PDO) since 1933.

PDO PHASE
PERIOD OF RECORD
Phase 1 19331946
Phase? 19471976
Phase 1 19771998
Phase 2 1999
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Table 3. The mean annual number of hurricane and tropical storm (TS) events within the
Atlantic Ocean Basin over decadal time periods corresponding with similar studies. Hurricanes
are stratified by weak hurricanes (Cat. 1 and 2), intense hurricanes (Cat. 3, 4, and 5), and Cat. 4 +

Cat. 5.Categories are based on the S&#fimpson scale.

categoy | 1940 | 197G | 199G | 2000 All
69 89 99 07

TS 3.7 4.3 4.5 79 4.4

Cat.1,2| 2.9 3.4 3.8 4.1 3.4

Cat.35 | 2.9 1.6 2.6 3.6 2.5

Cat. 45| 14 0.9 1.4 2.3 13

Tothur. | 5.8 5.0 6.4 7.8 5.9

TS+Hur.| 9.5 9.3 10.9 15.7 10.3

Table 4.The averagermual occurrence of Atlantic Ocean Basiopical storms anturricanes

versus ENifo / La Nifia phase for eacBaffir-Simpsoncategory.

All TS| Cat | Cat | Cat | Cat | Cat | Thur
1 2 3 4 5

LN 119 |54 21 | 15| 1.2 | 1.0 | 0.7 | 6.5

NEU| 104 |[42] 24 | 09 | 14 | 10 | 04 | 6.2

EN 87 39| 22| 09|11 )] 04| 02| 47

Total| 104 |44| 23 | 11 | 1.2 | 1.0 | 04 | 59




27

Table 5. The average annual occurrenceAtlantic hurricanes (tropical storms) by solean
basin as stratified by ENSO phase. The regions are theb@an (Crbn), Gulf of Mexico (Gulf),

West Atlantic (W Atl), and East Atlantic (E Atl) stimasins.

All Crbn Gulf W Atl E Atl

LN | 65(54) | 1.4(08) | 1.2(1.3)| 2.925 | 1.1(08)

NEU | 6.24.2) | 0.90.5) | 0.91.1)| 3.01.9) | 1.30.5)

EN | 473.9 | 050.2) |061.1)| 2.91.9 | 0.80.7)

Total | 5.94.4) | 1.00.6) | 0.91.2)| 3.02.0) | 1.10.6)

Table 6. The average annual occurrence of Atlantic hurricanes stratified by ENSO phase and
Category(Saffir-Simpson scaleyluring a) PDO2 (1947 1976, 199%resent),and b)

PDO1 (193846, 197798).

a.
Al |TS|Catl| Cat2| Cat3| Cat4| Cat5 Thur
LN 12.0 | 54| 2.3 1.3 1.2 1.2 0.7 6.6
NEU| 105 38| 2.4 0.9 1.7 1.3 0.5 6.7
EN 9.7 41| 23 1.1 1.4 0.4 0.5 5.6
Total| 10.9 | 45| 2.3 1.1 1.5 1.0 0.5 6.5
b.

All TS |Catl| Cat2| Cat3| Cat4| Cat5 | Thur

LN 10.8| 5.2 1.8 1.8 0.8 0.8 0.4 5.6

NEU | 10.0| 44 | 2.5 1.1 0.9 0.8 0.3 5.6

EN 7.1 | 3.8 2.0 0.5 0.5 0.3 0.0 3.3

Total | 9.6 | 44 | 2.3 1.1 0.8 0.7 0.3 5.2
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Table7. The mean number d&ast Padic tropical storms and hurricanes separated by ENSO

phase and intensity (SaffirSimpson scale) in the East Hacfrom 19701 2007

Phese| All TS Catl Cat2 Cat3 Cat4 Caths Thur
LN 15.1 73 3.0 1.7 16 14 0.1 7.8
NEU 16.4 7.1 3.3 1.7 16 2.6 0.2 9.3
EN 16.9 73 3.0 17 2.1 2.2 07 9.7
Tot 163 73 3.2 1.7 1.7 2.2 0.2 9.0

Table8. The mean number oEast Pacifidropical cyclonegtropical storms and hurricanelsy

month from May through December (only two tropical oyms occurred outside these months

and are not included on the table.

May June July Aug Sept Oct Nov Dec
LN 05 20 4.2 4.0 2.6 2.6 0.3 0.0
NEU 0.7 2.3 3.5 3.7 3.9 2.2 0.3 0.1
EN 0.6 1.6 3.5 4.8 3.8 21 0.6 0.1
Tot 0.6 2.0 3.6 4.0 3.6 2.0 0.4 0.1







