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1. Overview @ Wi
The 2007 Atlantic hurricane season Sy
produced 15 named storms (NS), six hurricanes XN

(H) and two mgjor hurricanes(MH) (Fig. 1). The
long-term averagesare 11 NS, 6 H, and 2 MH.
For 2007 the National Oceanic and Atmospheric
Adminigtration (NOAA) Accumulated Cyclone
Energy (ACE) index (Béll et a. 2000), ameasure
of the season’soverall activity, was84% of the
1950-2000 median (87.5x 10*kt?) (Fig. 2). This
valueisinthenear-normal range, and reflects
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fewer and generdly shorter-lived hurricanesand
major hurricanes compared to recent seasons.
During 2007, stormsfirst namedinthe
Main hurricanedevelopment region[MDR,
spanning thetropical Atlantic and Caribbean Sea
between 9.5N-21.5N (Goldenberg and Shapiro

Fig. 1. Atlantic named storm tracksduring 2007. Shading
corresponds to strength, with green indicating tropical
depression intensity, yellow indicating tropical storm
intensity, and red indicating hurricane intensity.



NOAA's Accumulated Cyclone Energy (ACE) Index
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Fig. 2. NOAA'sAccumulated Cyclone Energy (A CE) index expressed as percent of the 1951-2000 median value (87.5
x 10*kt?). ACE isawind energy index that measures the combined strength and duration of the named storms. ACE is
calculated by summing the squares of the 6-hourly maximum sustained wind speed in knots (Vmax2) for all periodswhile
thesystemisatropical storm, subtropical storm, or hurricane. Pink, yellow, and blue shading shows NOAA’'sclassifications
for above-, near-, and below-normal seasons, respectively. The thick black line indicates the threshold (175%) for a
hyperactive season. Green lines show boundariesfor near-normal season. NOAA'sforecastsissued in May and August

2007 areindicated by red barsat right.

1996) accounted for most of the seasonal ACE,
but produced only 74% of the median. Thisiswell
bel ow the average seasonal contribution duringthe
current active era(1995-present) of 130%. Also,
four named stormsformed over theextratropical
Atlantic (north of 21.5N) during 2007, but none
werelong-lived or became hurricanes. These
systems produced an ACE of only 4% of the
median, whichisthefifth lowest since 1950 and
well bel ow the average seasonal contribution of
20%-35%. Therefore, thereduced 2007 activity
wasevident in both the MDR and the extratropics.
Two hurricanesmadelandfall inthe
Atlantic Basin at category-5 strength. Hurri-
cane Dean struck the Yucatan Peninsulanear
CostaMayaonAugust 21 with 175 mph
sustained winds. Hurricane Felix then made
landfall near PuntaGorda, Nicaraguaon
September 2 with 160 mph sustained windsIn
addition, severd other tropical stormsand

hurricanes struck theregion around the Carib-
bean Sea. The United Stateswas struck by one
hurricane, onetropical storm, and threetropical
depressions.

Theoccurrence of LaNifiaduring an
activehurricaneeragrestly increasesthelikelihood
of anabovenorma Atlantic hurricane season, in
part becausethiscombination typically producesa
weaker Tropica Upper Tropospheric Trough
(TUTT) (alsoreferred to asamid-oceanic trough)
and decreased vertical wind shear acrossthe
MDR. NOAA predicted ahigh likelihood of an
above-normal season based on thisexpected
combination of conditions.

However, although LaNifiadeveloped
during August, therewas an absence of aLaNifia
signd intheupper-level windsacrossthe subtropi-
ca North Pacific Ocean and western MDR during
the peak August-October (ASO) monthsof the
season. Thismay berelated to anomaloustropical



convection throughout southeasternAsia, the
Indian Ocean, and Indonesia, whichwasmore
typical of El Nifiothan LaNifa, and which
reached record strength during ASO. Thus, the

For example, inAugust thiscirculaion
produced an extensiveareaof increased vertica
wind shear acrossthe central MDR, western
NorthAtlantic, and the Gulf of Mexico (Fig. 4a).

above-norma Atlantic hurricaneactivity did not
materialize asexpected.

During August and September, there- 6ON -
duced hurricane activity wasaso partly linkedtoa
strong upper-leve ridge over theeastern United ,
States, which contributed totheoverall strengthof N 22
thedownstream TUTT, and to anomal ous de- SONTR
scending motion upstream of theTUTT axis. Asa  20n{~
result, extensiveareasof strong vertical windshear ]
and anomal ous sinking motion suppressed hurri- ro FELLEE2 . ;
caneformation and intensification. During Octo- 120W 1008 80W 60 2
ber, the activity wasa so lower than expected over 120 200 260 —50 é S0 co 90 120
the Caribbean Sea, in association with amixed set
of amaospheric conditionshaving no obvious
larger-scdeclimatelinks.

August-October 2007
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Fig. 3. August-October 2007: 200-hPa heights (solid
contours, m), height anomalies (shaded), and vector winds.
Thick solid lineindicates the trough (TUTT) axis. Green
box denotes the Main Development Region (MDR).
Anomalies are departures from the 1971-2000 period
2. Atlanticatmospheric and oceanic condi- monthly means.

tions

Anomalous 500-hPa Vertical Motion

Anomalous Vertical Wind Shear

a. Upper-tropospheric
circulation

The peak months
(ASO) of the 2007 season
featured astrong and persis-
tent upper-tropospherictrough
(i.e. TUTT) over thecentra
NorthAtlantic and centra September
MDR (indicated by green g R’
box), aswell asastrong and . 2
persistent ridge over eastern
NorthAmerica(Figs. 3a, b).
During August and September,
thisanomaouscirculation
suppressed hurricaneforma:
tionandintensification by
producing extensiveareaswith
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Fig. 4. Left panels(a, ¢) show the anomal ous 200-850 hPavertical wind shear

enhanced vertical wind shear strength (m s*) and vectorsduring (&) August and (c) September 2007. Red (blue)

. . shading indicates below- (above-) average strength. Right panels (b, d) show the
(bl ue shadi ng’ I_:I gs. 4a’ C) and total 200-hPastreamlines and anomal ous 500-hPavertical motion (shaded) during
anomaoussinkingmotion (b) August and (d) September 2007. Red (blue) indicates anomalous ascent

(blued shading, Figs.4b,d).  (descent). Green box denotes the Main Development Region (MDR). Anomalies

are departuresfrom the 1971-2000 period monthly means.
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Largeportionsof theregion also experi-
enced anoma ous sinking motion at 500-hP
between theridgeand trough axes (Fig.
4b). In September the TUTT was broader
and shifted westward toward the Carib-
bean Sea, resulting inincreased vertical
wind shear throughout that region (Fig 4c).
Anomaousmid-level snkingmotionwas
again evident between themeanridgeand
trough axes, thistimethroughout the Gulf

of Mexico and western half of theMDR
(Fig. 4d). Asaresult, therewasanotable
lack of tropical stormand hurricaneactivity
throughout theentire TUTT region.

For theentireASO period, the
main areaof weak vertical wind shear (less
than 8 m s*) wasconfined mainly tothe
extreme southern MDR and western
Caribbean Sea(shaded regions, Fig. 5a).
Thispattern wasespecialy pronouncedin
August, when Category-5 hurricanes Dean
and Felix devel oped. Interestingly, the
mean A SO vertical wind shear wasbel ow
average acrossmuch of theMDR, which
would normally suggest an above-norma
season (Fig. 5b). However, for the eastern
half of the M DR, most of the contribution
to the negative anomaliescamefrom
October, amonth when thetotal vertica
shear istoo strong to support tropical storm
formation.

b. Low-level winds and African Easterly
Waves (AEW)

During ASO 2007, the vertical
structure of thelow-level windsover the
eastern MDR wasnot typical of an above-
normal season. At 1000-hPa, enhanced
northeasterly tradewindswere associated
with an areaof below-average surface
pressure over the extreme southeastern
MDR (blue shading, Fig. 6). These condi-
tionsarenot cons stent with either theongo-
ing active hurricane eraor the enhanced West
Africanmonsoon system (refer ahead to Fig.

August-October 2007: Vertical Wind Shear
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Fig. 5. August-October 2007: 200-850 hPavertical wind shear
magnitude (m s?) and vectors (a) total and (b) anomalies. In (a),
shading indicatesvertica wind shear below 8 ms™. In (b) red (blue)
shading indicates below-(above-) average vertical shear. Vector
scale is shown at bottom right. Green box denotes the Main
Development Region (MDR). Anomalies are departuresfrom the
1971-2000 period monthly means.
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Fig. 6. August-October 2007: Anomal ous 1000-hPa heights
(m) and wind vectors (m s?). Vector scale is shown at bottom
right. Green box denotesthe Main Devel opment Region (MDR).
Anomalies are departures from the 1971-2000 period monthly

means.
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August-October 2007

700-hPa Anomalous Vorticity and Winds
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Fig. 7. August-October 2007: Anoma ous 700-hPawind
vectors (m s?) and horizontal shear of thezona wind (x 10
6s1). Cyclonic anomalies are shaded red, and anticyclonic
anomaliesare shaded blue. Vector scaleis shown at bottom
right. Green box denotes the Main Development Region
(MDR). Anomaliesaredeparturesfrom the 1971-2000 period
monthly means.

17). Conversely, at 700-hPaanomal ouswesterly
windsand enhanced cyclonicvorticity (red
shading, Fig. 7) intheseregionsaongthe
equatorward flank of the African Easterly Jet
(AEJ) were consistent with these climatefeatures.

One can examinethecollectiveAfrican
Easterly Wave (AEW) activity by looking at the
high-pass (HP) filtered variance of thedaily winds,
asisoften doneto assessmid-latitude storm
variability. The HPfiltered variance (Duchon
1979) of themeridional windisused thereto
examinetheAEW activity. During ASO 2007,
aboveaveragevariance at 1000-hPaacrossthe
southern MDR (red shading, Fig. 8a) indicates
substantial AEW activity near the surface. How-
ever, intheeastern MDR, below-average variance
at 700-hPa(blue shading, Fig. 8b) suggeststhe
AEWswerewesaker at thelevel of theAEJ, and
thereforelessvertically developed than normal .

Nonetheless, giventhe strong vertica wind
shear and anomal oussinking motioninthe MDR,
these conditionsdo not appear to beamain
reasonfor thereduced Atlantic hurricaneactivity.
Severa named stormsindeed formed fromAEWSs
intheeastern MDR, but the strong vertical wind
shear was often sufficient to suppresshurricane
activity regardlessof AEW strength.

August-October 2007
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Fig. 8. August-October 2007: Anomal ous 10-day high-
pass (HP) filtered variance (m?) of the meridional wind at
(&) 1000-hPaand (b) 700-hPa. Green box denotestheMain
Development Region (MDR). Anomalies are departures
from the 1971-2000 period monthly means.

Sea Surface Temperature Anomalies (C)
August-October 2007
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Fig. 9. (a) Sea-surfacetemperature (SST) anomalies(°C)
during August-October 2007. Panel (b) shows consecutive
ASO valuesof SST anomaliesinthe MDR. Red lineshows
the corresponding 5-yr running mean. Green box in (a)
denotesthe Main Devel opment Region (MDR). Anomalies
are departuresfrom the 1971-2000 period monthly means.



c. Sea-surface temperatures

During ASO 2007, sea-surfacetempera
tureswereaboveaverage (+0.27°C) intheMDR
(Fig. 9). Thisongoing warmth iscons stent with
two inter-related setsof climate conditionsthat
beganin 1995: thewarm phase of theAtlantic
Multi-decada Oscillation (AMO) (Enfield and
Mestas-Nuriez 1999) and the activeAtlantic
phase of thetropical multi-decada signal (Bell and
Chédlliah, 2006). Someof this persi stent warmth
hasalso beenlinked toincreasing global tempera-
turesover thelast 100 years (Santer et a. 2006).

Theaboveaverage SSTsduringASO
2007 were concentrated in thewestern half of the
MDR, where departuresaveraged +0.47°C. The
reduced hurricane activity intheseregionsisnot
cong stent with the ongoing warmth, and instead

reflectsthe dominant role played by theatmo-
gphericanomdiesin controlling Atlantic hurricane
activity (Shapiro and Goldenberg 1998).

Inthe eastern MDR, SSTscooled to near
normal during ASO, following record levelsduring
the previousthree hurricane seasons. However,
these cooler SSTscannot account for any of the
following key aspects of the season that sup-
pressed hurricaneactivity: thestrong TUTT and
upstream ridge during August and September, the
lack of aLaNifiasigna inthe upper-level winds
acrossthetropical North Pacificand MDR during
A SO (section 3), and thereduced hurricane
activity over the Caribbean Seaduring October
(section 2d).

October 2007
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Fig. 10: October 2007atmospheric conditions: () Anomal ous 200-850 hPavertical wind shear magnitude (m s*) and
vectors, with red (blue) shading indicating below- (above-) average strength of the vertical shear. (b) Total 200-hPa
streamlines and anomal ous 500-hPa vertical motion (shaded), with red (blue) shading indicating anomal ous ascent
(descent). () Anomal ous Outgoing L ongwave Radiation (OL R, W m?), with green shading in MDR indicating enhanced
tropical convection. (d) Anomalous precipitable water (inches), with green shading indicating increased tropospheric
moisture. Green box in all panels denotes the Main Development Region (MDR). Anomalies in panels (a, b, d) are
departures from the 1971-2000 period monthly means. OLR anomalies (c) are departures from the 1979-2000 period

monthly means.



October 2007
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Fig. 11: October 2007 atmospheric conditions: (a) 925-hPaheights (solid contours, m) and anomalies (shaded), (b)
Climatol ogical mean 925-hPaheights, and (c) anomal ous 200-hPadivergence, with blue (red) shading indicating anomal ous
divergence (convergence). Anomalies are departures from the 1971-2000 period monthly means.

d. Reduced activity in October

The Caribbean Seaisapreferred region
for tropica cycloneformationin October, espe-
cialy during above-normal seasons. Those sea
sonsaverage2-3NS, 2H, and 1 MH over the
Caribbean Seain October, which producean
averageACE value of 31% of themedian. During
October 2007, asole Caribbean storm (H Noel)
produced anACE valueof 6.4%. NOAA's
prediction for an above-normal seasonimplicitly
suggested more Caribbean activity thanwas
observed.

Specificreasonsfor thisreduced activity
remain unclear, sncemany of theatmosphericand
oceanic anomalieswere conduciveto increased
activity, including 1) below averagevertica wind
shear (Fig. 10a) and anomal ousascending motion
at 500-hPa (Fig. 10b) in association withastrong
upper-level ridge, 2) above average SSTSs, 3)
enhanced convection indicated by negative

Outgoing Longwave Radiation (OLR) anomalies
(Fig. 10c) and 4) above-normal precipitablewater
(Fig. 10d).

In contrast, the main area of low-pressurewas
located well north of normal over the northwestern
Caribbean Seaand Central America, with much of
thecirculationlocated over land (Figs. 11a, b).
These conditionswerenot particularly conducive
to hurricaneformation, esepcidly over the
southern Caribbean Seawhere thenormal core of
low surface pressurewas completely absent. This
areaal so experienced anomal ous upper-level
convergence (Fig. 11¢), sinking motion, and drier-
than-average conditions between 300-400 hPa
(not shown).

3. Prevailing Global Climate Patterns
El Nifio and LaNifareflect opposite

phasesof the El Nifio/ Southern Oscillation
(ENSO), and both modul ate seasonal Atlantic



hurricaneactivity (Gray 1984). The occurrence of
LaNifaduring an activehurricaneerasignificantly
increasesthe probability of an above-normal
Season, in part because this combination produces
aweaker TUTT and an extensiveregion of
reduced vertical wind shear intheMDR (Bell and
Chelliah 2006). Thisexpected combination of
climatefactorswasthemain reason behind
NOAA's prediction of an above-normal season.

a. LaNifa

LaNifareferstoaperiodic cooling of the SSTs
acrossthe central and east-central equatorial Pa-
cific. Thiscooling resultsin adisgppearance of equa
toria convection betweenthedatelineand thewest
coast of South America, and also actstoretract the
equatoria convection westward toward Indonesia
and the eastern Indian Ocean. Theresultisalarge-
scale pattern of anomal ous convection extending
more than half the distance around the globe. La
Nifia simpacts on the upper tropospheric circula-
tion arestrongly related to thisanomal ous convec-
tion.

During ASO 2007, SSTswerebelow average
asexpected acrossthecentral and east-central equa
torial Pacific (Fig. 9a). Thevalue of the Nifio 3.4
index was-0.8, and well within NOAA'sthreshold
for aweak La Nifia (-0.5 to -1.0). The Nifio 3.4
index then dropped to—1.1 during September-No-
vember, indicating amoderate-strength La Nifia
during thelatter portion of the season.

A time-longitude section showsthiscoolingwas
associated with suppressed convection over thecen-
tral equatorial Pacific near 180° (Fig. 12a). How-
ever, over Indonesiaand theeasterntropical Indian
Ocean, thetypical LaNifia-related pattern of en-
hanced convection (Rivu and Baohua 2005) was
absent, and the region instead experienced below
average convection (black box, Fig. 12b). Thisob-
servation suggeststhe LaNifaforcing onto theup-
per-tropospheric circul ation waswegker than would
normally be expected for theobserved SST anoma:
lies

The200-hPavelocity potential isrelated to
thedivergent circulation associated with tropical

Anomalous Outgoing Longwave Radiation (OLR)
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Fig. 12. Outgoing L ongwave Radiation (OLR, W m?);
(a) Time-longitude section of pentad anomalies between
5°N-5°S, and (b) August-October 2007 seasonal anomalies.
Green shading indicates enhanced convection, and brown
shading indicates suppressed convection. Boxes in panel
(b) indicate averaging regionsfor time seriesshownin Fig.
15. Anomalies are departures from the 1979-2000 period
means.

convection. For LaNifia, thetypical velocity
potential pattern features 1) positiveanomalies
near the datelinein association with suppressed
convection and upper-level convergence, and 2)
negativeanomlaiesover Indonesiaand theeastern
I ndian Ocean in association with enhanced con-
vection and upper-level divergence (Bell and
Chelliah 2006). Especialy noteworthy isalack of
persstent positiveanomaliesnear thedateline
during ASO 2007 (Fig. 13), suggesting the
suppressed convectioninthisregionwasnot a
dominant feature of the upper-level divergent
circulation aswould be expected for LaNifa.

The 200-hPastreamfunction field capturesthe
strength and position of theridgesand troughs, and



isoften useful inassessing changesinthesefestures
related to anomaloustropical convection. LaNifa
typically produces 1) enhanced troughsacrossthe
central and eastern subtropica Pacificin both hemi-
gpheres, which flank theregion of suppressed equa
torial convection, and 2) enhanced ridgesover the
western subtropical Pacific in both hemispheres,
whichflank theenhanced equatorid convection over
Indonesiaand the eastern Indian Ocean. Theresult-
ing anomal ouswave pattern favors aweaker-than
average-TUTT intheMDR.

During ASO 2007, the200-hPastreamfunction
anomaliesover the subtropical North Pacific were
not consstent withatypica LaNifia Theanomdies
were weak and the expected core of negative
anomdiesnear thedatelinewasabsent (Fig.14). In
contrast, therewas good consistency between the
negative streamfunction anomalies (indicating a
weaker upper-level ridge) acrossthewestern sub-
tropical North Pacific and the suppressed convec-
tion over Indonesi a, both of which are oppositeto
thenormal LaNifiasignal. Asaresult, the down-
stream TUTT exhibited no connectionto LaNina

Therefore, athoughthe LaNifa-rel ated pat-
ternsof bel ow-average SSTsand suppressed tropi-
ca convection were prominent east of thedateline,
thereisno indication these conditionswere domi-
nating the upper-tropospheric circulation anomaies
acrossthetropica North Pacificand NorthAtlantic
Oceans. Onelikely reasonisthehighly anomalous
convection over Indonesiaand the eastern Indian
Ocean, whichwasmoretypica of conditionsduring
El Nifio (section 3b).

b. Anomalous convection over Indonesia,
southeastern Asia, and the Indian Ocean
During ASO 2007, the pattern of tropical
OL R anomaliesreflected anomalousconvectionin
threevery largeregionsencompassing thelndian
Ocean, Indonesia, and southeastern Asia(Fig.
12b). Enhanced convection occurred over the
western equatorial Indian Ocean, and acrossthe
Indiaand the Southeast Asian monsoon regions,
and suppressed convection covered the eastern
Indian Ocean and Indonesia. The OLR anomalies

200-hPa Anomalous Velocity Potential
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Fig. 13. Time-longitude section of 5-day running mean
200-hpavel ocity potential anomalies (x 10° m?s?) averaged
over theregion 5°N-5°S. Green shading indicate enhanced
convection and anomalous upper-level divergence, and
brown shading indicate suppressed convection and
anomalous upper-level convergence. Anomalies are
departuresfrom the 1971-2000 period daily means.
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Fig. 14. August —October 2007: 200-hpastreamfunction
(contours, 10 x 10° m? st) and anomalies (shaded).
Anomalousridgesareindicated by positive values (red) in
the NH and negative values (blue) in the SH. Anomalous
troughs are indicated by negative values in the NH and
positive values in the SH. Anomalies are departures from
the 1971-2000 period monthly means.

for these combined regionswerethe strongest in
thehistorical record dating back to 1979 (Fig.
15a). Thispatternismoretypical of El Nifio, as
was seen in 2006.



Withinthis pattern, the north-south dipol e of
anomaliesbetween thelndian/Southeast Asian
monsoon regions and the eastern | ndian Ocean/
Indonesiawasthe strongest in therecord (Fig.
15b), surpassing the previousrecord setin
2006. Also, theIndian Ocean (10) dipole (Sqji
etal. 1999, Sgi and Yamagata2003a, b) was
comparableto the strongest eventsinthe
record (Fig. 15¢). Thispositivephaseisa so
moretypical of El Nifio (Beheraet a. 2006),
with the strongest eventsoccurring during the El
Nifio yearsof 1982-83, 1994, 1997, and
2006.

Theamplitude and persistence of theabove
anomaliesduring both 2006 and 2007 indicates
someindependencefrom ENSO, aswasa so
noted by Sgji et a. (1999) and Sgji and
Yamagata (2003b). The observations suggest
thisclimatesignal may have overwhelmed the
upper-tropospheric circulation anomalies
normally associated with LaNifia, thusnegating
LaNifasnormally enhancinginfluenceonthe
2007 Atlantic hurricane season. Conversdly, this
same pattern may have enhanced El Nifio's
suppressing influence onthe 2006 Atlantic hurri-
cane season (Bell et al. 2007). How and why this
pattern was so strong and persistent isunresolved.

c¢. Ongoing active Atlantic hurricane era
Historicaly, approximately 55% of
Atlantic hurricanesand 80% of Atlantic mgor
hurricanesdevelop fromtropica stormsfirst
named intheMDR. These systems account for
almost 95% of the differencein the seasonal ACE
index between above-normal and below-normal
hurricaneeras(Bell and Chelliah, 2006), and for
nearly all thedifferencein thenumber of hurricanes
and magjor hurricanes (Goldenberg et al. 2001).
Since 1995, hurricane seasons have averaged
14.5 named storms, 8 hurricanes, and 3.8 major
hurricanes, with an average ACE index of 165%
of themedian (Fig. 2). NOAA classifiesnineof
thelast thirteen hurricane seasonsasabove
normal, with seven being hyperactive (ACE >
175% of themedian). Only four seasonssince
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Fig. 15. August-October time series' of Outgoing

Longwave Radiation (OLR, W m2) anomalies averaged over
theboxed regionsin Fig. 12b; (a) Indonesia (black box) minus
Western Indian Ocean (blue box) minus southeastern Asia
(red box); (b) Indonesiaminus southeastern Asia; and (c) the
Indian Ocean dipol e (Indonesiaminus Western Indian Ocean).
Anomaliesare departuresfrom the 1979-2000 period monthly
means.

1995 have not produced above norma activity.
Three of thesearethe El Nifio yearsof 1997,
2002, and 2006.

Although 2007 was one of theleast active
yearssince 1995, it was still more active than most
seasons of the below-normal era1971-1994.
Those seasonsaveraged 8.5 named storms, 5
hurricanes, 1.5 magjor hurricanes, and anACE
index of only 75% of the median. One-half of
these seasonswere below normal, only threewere
above normal (1980, 1988, 1989), and none
werehyperactive. Timeseries of key atmospheric
wind parameters(Fig. 16) highlight thedramatic
differences between these above-normal and
bel ow-norma hurricaneeras.

A main contributing factor to the current
activeeraisthetropica multi-decadd signd,
whichreflectstheleading modes of tropical
convectiverainfal variability occurring onmulti-
decadal time scaes(Bell and Chelliah 2006). A
phase changeinthetropica multi-decadal signal



correspondswith thedramatic transitionin1995
fromtheinactivehurricaneera(1971-1994) to the
activeera(Bell etal. 2007).

Onekey aspect of the current active hurricane
eraisan east-west see-saw in anomaloustropical
convection between the West African monsoon
region and theAmazon Basin, sgnalinganen-
hanced West African monsoon system (seeaso
Landseaand Gray 1992) and suppressed convec-
tionintheAmazon Basin. Thisfeaturewasagain
prominent during 2007 (Fig. 17). A second aspect
of thetropical multi-decadal Signa isongoing
aboveaverage SSTsintheNorth Atlantic, conss-
tent with thewarm phase of theAtlantic multi-
decadal mode (Goldenberg et al. 2001).

Asshown by Bell and Chelliah (2006), the
tropical multi-decadal signal isassociated withan
inter-rel ated set of atmospheric anomaiesknown
tofavor active hurricane seasons. Many of these
anomalieswereagainin place during 2007,
including (1) enhanced upper tropospheric (200-
hPa) ridgesin both hemispheresover theAtlantic
Ocean (Fig. 14), (2) an enhanced tropical easterly
jet and awestward expansion of the area of
anomal ous easterly windsat 200-hPa, and (3)
reduced tropical easterliesat 700-hPaacross
the central and easternAtlantic (Fig. 16b), and
(4) enhanced cyclonicrelativevorticity dongthe
equatorward flank of the African Easterly Jet
(Fig. 16¢). Inlight of these ongoing conditions,
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Fig. 16. August-October time series’ showing area-
averaged values of (a) 200-850 hPavertica shear of thezonal
wind (m s?), (b) 700-hPa zona wind (m s?) and (c) 700-Pa
relative vorticity (x 10 s?). Blue curve shows unsmoothed
three-month values, and red curve shows a 5-pt running
mean of the time series. Averaging regions are shown in the
insets.
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Fig. 17. August-October 2007: Anomalous 200-hpavel ocity potential (x 10° m? st) and divergent wind vectors(ms
1. Vector scaleisshown at bottom right. Anomalies are departures from the 1971-2000 period daily means.
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thereisno indication the current active hurricane
erahasended.

4. NOAA'sSeasonal HurricaneOutlooks

NOAA'sseasonal Atlantic hurricane outlooks
(issuedin both May and early August) were based
on the expected occurrence of LaNifiaduring an
activeAtlantic hurricaneera, which greatly
increasesthe probability of an above-normal
season. TheMay outlook called for a75% chance
of an above-normal season, with alikely range of
13-17 named storms, 7-10 hurricanes, 3-5major
hurricanes, and an A CE range of 125%-210% of
themedian. TheAugust outlook called an 85%
chance of an above-normal season, with alikely
range of 13-16 named storms, 7-9 hurricanes, 3-5
major hurricanes, and an ACE range of 140%-
200% of themedian.

The observed number of named stormswas
well within NOAA's predicted range, and the
observed numbersof hurricanesand major
hurricaneswere each one bel ow the predicted
range. However, the combined intensity and
duration of the hurricanesand mgjor hurricanes, as
measured by the ACE index, wasfar below
expectations.

Improvementsin toolssuch as Quikscat,
AMSU, cyclone phase space, and the unique use
of arcraft observations, haslikely ledtomore
tropical stormsand subtropical stormsbeing
identified now compared to ageneration ago
(Landsea2007). For thisreason, NOAA's
seasonal forecastsinclude an average of two
additiona named storms. For 2007, itisestimated
that four tropical storms, Andrea, Chantd, Jerry,
and Melissa, may not have been named agenera-
tionago.

5. Summary

During August and September, astrong
tropical upper-level trough (TUTT) combined with
astrong ridge over the eastern United Statesto
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produce above-average vertical wind shear and
anomalousmid-level sinking motion acrossthe
western half of theMDR, Gulf of Mexico, and
western and centra subtropical NorthAtlantic
Ocean. These conditionslimited hurricaneforma-
tion, intensity, and duration in both thetropicsand
extratropics. During October, amixed set of
atmospheric conditionswith no obviousclimate
linksled to below-average activity over the
Caribbean Sea. Theresulting seasona activity was
inlower portion of the near-normal range.

NOAA'sprediction for an above-normal
season was based on the expected occurrence of
LaNifaduring an activehurricaneera. This
combinationisvery conduciveto an active hurri-
cane season, in part becauseit typicaly contrib-
utestoaweaker TUTT and decreased vertical
wind shear acrosstheMDR. During 2007, La
Nifiadevel oped in August and then reached
moderate strength (as measured by the sea-
surface temperature anomaies) during September-
November. NOAA’s over-prediction of the 2007
activity resulted in part fromtheabsenceof aLa
Nifiasgnature on the upper-tropospheric circula-
tion acrossthetropica North Pacific and western
MDR during the peak of the season.

Oneplausbleexplanationisthat dthough
convection was suppressed acrossthe central and
east-central equatoria Pacific asexpected for La
Nifia, it was al so suppressed over Indonesiaand
theeasterntropical Indian Ocean. Therefore, the
total LaNifaforcing onto the upper-level atmo-
spheric windswaswesaker than would normally be
expected for the observed equatorial Pacific SST
anomdies.

Inaddition, the LaNifiasigna may have been
overwhelmed by the persistent and record strength
pattern of anomal ous convection, characterized by
enhanced convection acrossthe western equato-
rial Indian Ocean and acrossthelndiaand the
Southeast Asian monsoon regions, and suppressed
convection over the eastern Indian Ocean and
Indonesia. Thisoverdl patternismoretypica of El
Nifio.



Although A SO 2006 and A SO 2007 featured
opposite phases of ENSO, the anomal ous con-
vectionintheaboveregionswassimilar between
thetwo seasons. Thisclimatesignal may have
reinforced El Nifio’simpactson the upper-
tropospheric circulation during ASO 2006.
Conversdly, it may have negated LaNifa's
impactsduring ASO 2007. How and why this
pattern was so strong and persistent isunresol ved.

Itisimportant to notethat key atmospheric
anomaliesknown to be associ ated with the current
activehurricaneerawerein place dueing 2007 as
predicted. A nearly identical set of conditionshas
been described by these same authorsfor every
Atlantic hurricane seasonsince 1998 (Bell et al.
2000-2007). Therefore, although the activity was
reduced for asecond straight season, thereisno
indicationthe current active hurricaneerahas
ended.
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