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Abstract. Tropical cyclogenesis climatology over the South 1 Introduction
Indian and South Pacific Oceans has been developed us-
ing a new tropical cyclone (TC) archive for the Southern Influence of the El Nio-Southern Oscillation (ENSO) phe-
Hemisphere, and changes in geographical distribution of arnomenon on tropical cyclone (TC) activity in the various re-
eas favourable for TC genesis related to changes in the Hjions of the Southern Hemisphere has been demonstrated in
Niflo-Southern Oscillation (ENSO) phases have been invesaumerous studies (Nicholls, 1984; Hastings, 1990; Evans
tigated. To explain these changes, large-scale environmerand Allen, 1992; Basher and Zheng, 1995; Nicholls et al.,
tal variables which influence TC genesis and developmenil998; Camargo et al., 2007; Kuleshov et al., 2008). It is well
such as sea surface temperatures (SSTs), relative humidity inown that the ENSO also plays an important role in TC
mid-troposphere, vertical wind shear and lower tropospheridnterannual variability in ocean basins of the Northern Hemi-
vorticity have been examined. In the South Indian Ocean, resphere (e.g. Chu, 2004), although the influence of large-scale
duction of TC genesis in the western part of the basin andenvironmental factors on TC genesis and development varies
its increase in the eastern part as well as displacement dbr different basins. Gray (1979) formulated six large-scale
the area favourable for TC genesis further away from theenvironmental parameters playing key roles in formation of
equator during La Nia events compared to Elf events  TCs including the Coriolis parameter, low-level relative vor-
can be explained by changes in geographical distribution oficity, relative humidity in the mid-troposphere, tropospheric
relative humidity and vorticity across the basin as primary vertical wind shear, ocean thermal energy, and difference
contributors; positive anomalies of SSTs observed during Lan equivalent potential temperature between the surface and
Nifia seasons in the eastern part of the basin additionally cor600 hPa. Recently, Camargo et al. (2007) used a genesis po-
tribute to enhanced cyclogenesis near the Western Australiaential index which is similar to Gray’s seasonal genesis in-
In the South Pacific Ocean, changes in geographical distridex (Gray, 1979) to diagnose ENSO effects on tropical cy-
bution of relative humidity and vorticity appear to be the key clogenesis and concluded that in the basins of the Southern
large-scale environmental factors responsible for enhance#iemisphere vertical wind shear and mid-tropospheric rela-
TC genesis in the eastern (western) part of the basin as wetive humidity are especially important, vorticity anomalies
as for the northeast (southwest) shift of points of cyclogene-contribute most significantly in the central Pacific, and ther-
sis during El Nito (La Nifia) events, with vertical wind shear modynamic variable of the genesis potential index described
and SSTs as additional contributing large-scale environmenin terms of potential intensity (Bister and Emanuel, 1998)
tal variables. plays a secondary role. It is well established that vertical
wind shear in the Northern Hemisphere, particularly in the
Keywords. Meteorology and atmospheric dynamics (Cli- North Atlantic, plays a primary role in TC variability related
matology; Mesoscale meteorology; Tropical meteorology) to the ENSO (e.g. Gray, 1984). However, in the Southern
Hemisphere it is less obvious because of strong gradients in
wind-shear over the regions of cyclogenesis. Also, changes
in sea surface temperature (SST) related to changes in ENSO

Correspondence toY. Kuleshov phases are significant in the equatorial and near-equatorial re-
BY (y-kuleshov@bom.gov.au) gions of the Indian and Pacific Oceans, and it appears that the
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thermodynamic variable can be in addition one of the impor-following TC seasons have been selected as lfNeasons:

tant environmental factors contributing to tropical cyclogen- 1970/71, 1973/74, 1974/75, 1975/76, 1988/89, 1998/99 and

esis variability in this region. Thus, it is pertinent to further 1999/2000. In the selected 36 year period, there are more TC

examine influence of changes in TC surrounding environ-seasons which are considered as HidN§easons than those

ment on TC genesis. Based on results of earlier studies, largehich are considered as La iNi seasons; it was reported

scale environmental factors which influence TC genesis andby Trenberth (1997) that El Rb conditions occur approxi-

development such as SST, relative humidity, vertical windmately 31% of the time and La Na conditions 23%.

shear and relative vorticity were examined here through the This study aims to examine the TC genesis climatology

National Center for Environmental Prediction (NCEP) com- over the South Indian Ocean and the South Pacific Ocean and

posite re-analysis dataset (Kalnay et al., 1996). to investigate changes in tropical cyclogenesis in different
Results of the studies on the relationship between TCsareas of the Southern Hemisphere in relation to changes of

and the ENSO depend on a definition of the ENSO warmlarge-scale environmental factors associated with the ENSO

(El Nifio) and cold (La Nia) phases, which is used to con- phases.

duct composite analyses and to explain the observed vari-

ability. Therefore, it is essential to discuss selection of El ) ) )

Nifio and La Niia years in detail. For example, Saunders et? Results of analysis of tropical cyclogenesis

al. (2000) used the NINO3.4 sea surface temperature anom

lies (SSTA) thresholds of above +0@ (below —0.3°C) to

define El Nfio (La Nifia) conditions. Camargo et al. (2007)

eBata from the TC archive for the Southern Hemisphere
which has been prepared at the National Climate Centre, Bu-
0 . . _reau of Meteorology, Australia (Kuleshov et al., 2008) have
selected 25% of years with the highest (lowest) NINO3.4 val been used in this study. In the TC archive for the Southern

ues in a season to define EIfdi (La Niia) years with the . .
remaining 50% years defined as neutral. More often, threshHemlSphere’ the best track TC data from the National Me

olds of above 405 for El Nifio and below—0.5C for teorological and Hydrological Services of Australia (Bureau

La Nifa conditions are used (Climate Prediction Center Webﬁfeweéigﬁgf(%ygngeg aZnizlaEn! dﬁ O(_I\I/I:Ztliggc))lc\)/\?;gl cso?r?gicr?egf
page). Though the ENSO has been a subject to numeroulﬁto one homogenous dataset. TC data from 1969/70 to
studies over the past decades (Troup, 1965; Chen, 1982; Rq;, 9 ' .
pelewski and Jones, 1987; Trenberth, 1997) there is no uni- 005/06 TC seasons have been analysed to develop tropical

I . cyclogenesis climatology. For the Southern Hemisphere, the
versal agreement on a definition of the ENSO and its phase?)é: ygar was considere%yas the 12 month period fropm July to
so far, resulting in various criteria in the delineation between\]une inclusive. Fields of the SST, relative humidity in mid-
El glg;z;?d Iki:\égig\\lle;tsél (2008) examined several ke troposphere, vertical wind shear and lower tropospheric vor-
ENSO ind)i/(’:es in order to develop a collective list of his_yticity have been obtained from the NCEP re-analysis dataset
(Kalnay et al., 1996). In this study, geographical bound-

torical El Nifio and La Nna events. The Southern Oscilla- aries for the South Indian Ocean basin are defined as south to
tion Index (Troup, 1965) and the NINO3.4 SSTA (a three- the equator, west of 18%, and for the South Pacific Ocean

month running mean of ERSST.v2 SST anomalies in thebasin as south to the equator, east of I35
NINO3.4 region (8N-5°S, 120 W-170 W), based on the '

1971-2000 base period) which are the two most commonly, 1 The South Indian Ocean

used indices in defining the ENSO phases, have been ex-

amined. Composite indices such as the Multivariate ENSO2.1.1  Tropical cyclone genesis

Index (MEI) (Wolter, 1987) and the Five Variable (5VAR)

ENSO Index [an index based on the first principal compo-Spatial distribution of TC genesis over the South Indian
nent of Darwin and Tahiti mean sea level pressure, and th®cean basin during all TC seasons from 1969 to 2006, in-
NINO3, NINO3.4 and NINO4 SST indices which is used cluding El Nifio, La Niia and neutral phases of ENSO is pre-
by the Australian National Climate Centre internally to de- sented in Fig. 1. In this study, a cyclogenesis point is defined
fine ENSO phases (Kuleshov et al., 2009)] have been alsty locating a point along cyclone track where an estimated
examined. Consequently, a list of TC seasons which are con¥C central pressure attained a threshold of 1000 hPa or lower.
sidered as El Nio and La Nila seasons has been developedIn the South Indian Ocean, TC genesis is observed over the
and recommended for subsequent studies on TC activity irwhole range of longitudes of the basin. The maximum occur-
the Southern Hemisphere. As the data in the Southern Hemirence is located in the area around [5>-$560-130E]. In
sphere Tropical Cyclone archive start from 1969/70 TC seathe area between African coast and &) there is a notice-
sons, in this study the following TC seasons from the wholeable displacement of the points of TC genesis southwards to
list prepared by Kuleshov et al. (2008) have been selected 0-25 S.

as El Niio seasons: 1969/70, 1972/73, 1976/77, 1977/78, Analysis of composite cyclogenesis anomalies demon-
1979/80, 1982/83, 1986/87, 1987/88, 1991/92, 1992/93strates that during El Kb episodes (Fig. 2a) TC genesis
1993/94, 1994/95, 1997/98, 2002/03 and 2004/05, and thés above climatology in the western part of the basin (west
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Fig. 1. Geographical distribution of tropical cyclogenesis events over the South Indian Ocean for the period 1969-2006.

of around 85 E) with the maximum located around [1S5, aspect of the seasonal frequency of TC formation at any lo-
65° E] and it is below climatology in the eastern part of the cation. To evaluate temperature’s geographical distribution
basin (east of around 8%&) with the minimum in the area over the two oceanic basins, we firstly derived the SST cli-
centred around [1TS, 9% E] (results in this area are signifi- matology based on 1968 to 1996 period as defined by Phys-
cant at 90% level). To evaluate significance of the results, theécal Sciences Division, National Oceanic and Atmospheric
Student t-test is employed in this study, with the null hypoth- Administration (NOAA web page). In the South Indian
esis that the anomaly is not significantly different from zero. Ocean, during both warm and cold ENSO phases oceanic
It should be noticed that the results from this significance testonditions in terms of SSTs above °Z5 (Gray, 1979) are
need to be treated cautiously because of the relatively smafavourable over the near-equatorial belt between the equator
size of TC data sample. As mentioned in the Introduction,and about 155~25° S (figure not shown). Thus, it appears
the reliable TC records in the Southern Hemisphere start witlthat changes in geographical distribution of SSTs over the
the beginning of the satellite era in late 1960s—early 1970sbasin related to warm and cold phases of ENSO rather than
As an effort to increase the sample size, a relatively largetemperature values per se influence changes in TC genesis.
grid box, 6 by 6°, is selected for the analysis in this study.  Analysing average SST anomaly fields (SSTAs) from
[Similar approach was applied by Chan (2000) for studyingNovember to April, it was found that positive SSTAs are
TC activity over the western North Pacific associated with present nearly over the whole range of longitudes between
El Nifio and La Nita events.] A large area with test values the equator and about 30-35 during El Nfio events ex-
greater than the specified significance threshold is likely tocept for a relatively small area around {35, 60 E] (Fig. 3a;
be true for individual seasons. shaded areas indicate where statistical tests are significant at
During La Nifla episodes (Fig. 2b), increase of TC gene-95% level). Strong positive anomalies are observed in the
sis is observed in the eastern part of the basin (east of aboutentral parts of the basin with maximum values greater than
85° E) with a primary cyclogenesis maximum in the area lo- 0.4°C, which can contribute to increased TC genesis in those
cated off the northwest coast of Western Australia aroundareas in El Niio seasons. The area of enhanced cyclogenesis
[15° S, 120 E] and a secondary TC genesis maximum cen-located around [15S, 65 E] (Fig. 2a) matches the signifi-
tred around [15S, 95 E] (both passed the significance test cant positive SSTAs in the same region quite well.

at 90% level). During La Nifa seasons, positive SSTAs observed over the
basin in El Nfio seasons (Fig. 3a) are replaced by negative
2.1.2 SST distribution SSTAs which are found over the most areas in the South In-

dian Ocean from the equator to about 30except for the
Ocean thermal energy is an important contributor to TC gen-central and southern areas off Western Australia coastline
esis and according to Gray (1979) ocean temperatures greatéfig. 3b). This contrast in the SST distribution over the basin
than 26C to a depth of 60 m is an essential climatological during La Niia seasons can patrtially explain displacement

www.ann-geophys.net/27/2523/2009/ Ann. Geophys., 27, 28233-2009



2526 Y. Kuleshov et al.: Tropical cyclone genesis in the Southern Hemisphere

(a)

20E 30E 40E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E

EQ

5S

10S 1

1584

20S A

255

30S

35S A

408 T T T T T T T v y v r
20E 30E 40E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E

Fig. 2. Composite anomalies of the average annual number of tropical cyclogenesis in the South Indian Oceéa)dilifiti§o and(b) La
Nifla episodes in©x 6° boxes. The shades indicate areas where the statistical test is significant at the 90% level.

of area favourable for cyclogenesis to the eastern part of thelonesia. The areas of negative anomalies of relative humidity
basin closer to the coast of Western Australia (Fig. 2) whereare collocated with the areas of relatively weak anomalies of

the warmer SSTs are present. SSTs, which can additionally contribute to decreased TC ac-
tivity in the eastern part of the basin (about B) 953 E in
2.1.3 Relative humidity Fig. 2a) during El Niio seasons.

Comparing results presented in Figs. 4a (Ei®&iand 4b
High relative humidity is one of the key factors influenc- (La Nifia), significant relative humidity decrease in the cen-
ing TC development as it provides sufficient moisture at thetral part of the basin (about 7&) was found during La Nia
lower level and in the mid-troposphere (4 to 8km) (Gray, seasons, which is consistent with the decreased TC activity
1979). Geographical distribution of mid-tropospheric rela- over this area evident from comparing Fig. 2a and b. During
tive humidity at 500 hPa level during the period from Novem- La Nifia seasons, there is a large area with positive anoma-
ber to April has been examined in this study. Results for Ellies of relative humidity over the equatorial and tropical re-
Nifio events are shown in Fig. 4a. A large area with negativegions of the northwest of Australia and Indonesia frorfi B5
anomalies of relative humidity is observed between the equato 140 E, with another positive anomaly area to the west of
tor and about 15S (Fig. 4a), but it is noticed that most of the Madagascar (Fig. 4b), and large area for negative anomalies
negative anomalies did not pass the significance test excepmiver the central part (around 28, 75 E) of the basin. To the
for the some areas off Western Australia and over parts of Innorthwest of Australia, positive relative humidity anomalies

Ann. Geophys., 27, 2522538 2009 www.ann-geophys.net/27/2523/2009/



Y. Kuleshov et al.: Tropical cyclone genesis in the Southern Hemisphere 2527

(@)

20E 30E 40E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E

Fig. 3. SST anomalies°C) from November to April in the South Indian Ocean dur{ay El Nifio and(b) La Nifia episodes. The shades
indicate areas where the statistical test is significant at the 95% level.

and warmer SSTs both contributes towards increased TC ashear over the whole basin is slightly weaker during EidNi

tivity during La Nifia seasons. seasons than that during Lafidi seasons, in particular over
the central and eastern parts of the basin. In general, wind
2.1.4 \Vertical wind shear shear is relatively weak in the near-equatorial area. Also, in

the western part of the basin (west o’ H) the wind shear

The vertical wind shear plays an important role in tropical is weaker than in the eastern part of the basin during both
cyclogenesis and development: strong vertical wind sheawarm and cold ENSO episodes. Changes in this environ-
inhibits tropical cyclogenesis, while weak vertical shear mental factor are not easily interpreted in order to explain
favours TC genesis and development (DeMaria, 1996; Mal-observed changes in TC activity.
oney and Hartmann, 2000; Zehr, 2003). It is well known that
vertical wind-shear variations can have a significant impact2.1.5 Vorticity
on the interannual variability of TC activity in the Northern
Hemisphere (e.g., Gray, 1984). The vorticity anomalies at 0.995 sigma level (surface level)

The vertical wind shear is defined here as the differencefrom November to April during El Nio seasons are shown
of magnitudes between the zonal wind fields at 200 hPa anéh Fig. 6a. Large area of positive (anticyclonic) vortic-
850 hPa. Results of analysis are shown for EidNand La ity anomalies at [about 5-1%, 70-138 E] which extends
Nifia seasons in Fig. 5a and b, respectively. The vertical windrom the central part of the basin to the northwest coast of

www.ann-geophys.net/27/2523/2009/ Ann. Geophys., 27, 28233-2009
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Fig. 4. Relative humidity anomalies (%) at 500 hPa over the South Indian Ocedn)f&t Nifio and(b) La Nifia episodes. The shades
indicate areas where the statistical test is significant at the 95% level.

Australia is evident in Fig. 6a. However, centred around2.2 The South Pacific Ocean

[25° S, 65 E], there is a large area of negative (cyclonic) vor-

ticity anomalies which are more favourable to tropical cyclo- 2.2.1  Tropical cyclone genesis

genesis. During El Nio seasons, the areas to the north of

15° S and east of 7, are not favourable (in terms of vor- Spatial distribution of TC genesis over the South Pacific

ticity impacts) to the TC genesis in comparison to the rest ofOcean basin during all TC seasons from 1969 to 2006 is

the basin. shown in Fig. 7. Points of cyclogenesis are observed over
During La Nifia seasons, negative (cyclonic) vorticity the range of longitudes between T¥and 120 W. We will

anomalies over the tropical areas of the central and easterf€fer to this domain as the basin in the following analysis

parts of the basin (Fig. 6b) replace the anticyclonic vortic- of geographical distribution of TC genesis and influence of

ity anomalies observed in this area during Efidliseasons the large-scale environmental factors; area of the South Pa-

(Fig. 6a). It additionally contributes to increase in cyclone cific Ocean east of 120/ will not be under consideration.

activity in the eastern part of the basin during Ldilisea- A comparison between cyclogenesis events during BbNi

sons. In the western part, cyclonic vorticity anomalies areLa Nifia and neutral seasons (Fig. 7) reveals that points of

also observed between Madagascar and mainland Africa. TC genesis are displaced towards southwest during Ba Ni
seasons compared to Elfidi seasons. This result is in agree-

ment with previous studies on TCs in the Southwest Pacific
Ocean (Gray, 1988; Basher and Zheng, 1995).

Ann. Geophys., 27, 2522538 2009 www.ann-geophys.net/27/2523/2009/
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Fig. 5. Zonal wind shearl{>00-Ugs0) (M s~1) over the South Indian Ocean fGa) El Nifio and(b) La Nifa episodes. The shades indicate
areas where the statistical test is significant at the 95% level.

Analysis of spatial distribution of tropical cyclogenesis the central and eastern parts of the basin. The positive SSTAs
during the El Nilo seasons (Fig. 8a) shows that a large area opromote TC genesis and development further eastwards in
above climatology TC genesis is located in the eastern parthe basin in ElI Nio seasons when compared with L&l
of the basin east of the line [1&, 165 E-20 S, 175 E]. seasons (Fig. 8). During La R seasons, negative SSTAs
During La Nifa seasons (Fig. 8b), area of active TC gene-replacing a large area between the equator aA&1big. 9b)
sis is displaced southwest to around [10>80145-170E] inhibit TC genesis and contribute to displacing area prefer-
(statistically significant at 90% level) and TC activity in the able for TC genesis southwest compared to Eld\seasons
central near-equatorial area of the basin around [5S]15 (Fig. 8b). Warmer than climatological average waters found

170 E-170 W] is below the climatology. in the area from the Coral Sea to the central and eastern parts
of the basin during La Nia seasons favour increase of TC ac-

2.2.2 SST distribution tivity in the western part of the basin as well as in the central
part.

During El Nifio seasons, the SSTAs are positive in the near-

equatorial area and in the eastern part of the basin, with maxi2.2.3  Relative humidity

mum positive anomalies in the area around [(-85160 E—

140> W] (Fig. 9a), while across the Coral Sea, there is a nar-Relative humidity anomalies at 500 hPa during warm and
row zone of negative anomalies extending southeastward toold phases of the ENSO are shown in Fig. 10a and b,

www.ann-geophys.net/27/2523/2009/ Ann. Geophys., 27, 28233-2009



2530 Y. Kuleshov et al.: Tropical cyclone genesis in the Southern Hemisphere

(@)

EQ

551\
s e | g

1551\

2511 f N\ f W 4 NG
sl o 4 X - T oy g

305N : : ‘ :

355 . ‘ : . N\ : VAR \‘\;"

i N
20E 30E 40E 50E 60F 70E 80E 90E 100E

110E 120E 130E 140E

Fig. 6. Vorticity anomalies at 0.995 sigma level ) over the South Indian Ocean f@a) El Nifio and(b) La Nifia episodes. The shades
indicate areas where the statistical test is significant at the 95% level.

respectively. During El Nio years, an area of positive rel- 2.2.4 Vertical wind shear

ative humidity anomalies is located east of dateline between

the equator and about 18, which is a classical pattern for During the ENSO warm phase (Fig. 11a), a zone of relatively
EI Nifio events (Fig. 10a). A large drier zone of relative hu- weak vertical wind shear(8 ms™) located over most of the
midity is observed southwest to the positive anomalies, withequatorial and tropical areas of the basin with the contour of
a minimum centre in the central part of the basin. Over thel0ms™ located at 13S to 14 S in the western and central

Coral Sea, significant negative anomalies are also observedart of the basin. During the ENSO cold phase (Fig. 11b), the
where TC acti\/ity is weaker. During La R events, the ge- zone of relatively weak wind shear moves westwards with a
ographical distribution of relative humidity anomalies is the minimum centre at about 16& to 173 E. The contour of
opposite; they are positive over a large area extending fromL0 M~ moves southwards to about’1S to 20 S across the
the Coral Sea to the central part of the basin, significant atvhole basin. This spatial distribution of vertical wind shear
95% level (Fig. 10b), corresponding well with the increasedcontributes to increased TC activity over the area west of the

TC activities over the western and central parts of the basirflateline and shifting area of enhanced cyclogenesis and TC
(Fig. 8b). development closer to Australia during Laffdiseasons.

Ann. Geophys., 27, 2522538 2009 www.ann-geophys.net/27/2523/2009/
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Fig. 7. Geographical distribution of tropical cyclogenesis events over the South Pacific Ocean for the period 1969—-2006.

2.2.5 \Vorticity warm water in the Pacific (i.e. cooling water in the western
Pacific and warming water in the central and eastern equato-
Vorticity anomalies at 0.995 sigma level during warm and rial Pacific) occur. During the ENSO cold phase, a Lé&di
cold phases of the ENSO are shown in Fig. 12a and b, reevent, the trade winds strengthen, warmer water accumulates
spectively. For El Nilo seasons, negative vorticity anoma- in far western Pacific and cold pool in the eastern Pacific in-
lies dominate over the near-equatorial areas, with a mintensifies resulting in equatorial SSTs being cooler than cli-
imum centre located at about 48 to 178 W, and posi-  matological average.
tive anomalies of vorticity are observed to the south over In this study, changes in tropical cyclogenesis over the
latitudes from about 155 to 3% S across the whole basin South Indian and South Pacific Oceans related to changes in
(Fig. 12a). Cyclonic (negative) vorticity anomalies in the large-scale environmental factors associated with the warm
area [5-18S] favour cyclogenesis in the near-equatorial and cold phases of the ENSO phenomenon have been inves-
areas and contribute to increased TC activity in the eastertigated. The physical mechanism by which changes in TC
part of the basin in El Nio seasons. For La Ra seasons, activity are related to the environment has been explored.
spatial distribution of vorticity anomalies is the opposite: Warm equatorial water provides thermal energy necessary
positive anomalies are located over the near-equatorial aregsr TC genesis (Gray, 1979) and therefore variation in ge-
and negative anomalies are observed to the south (Fig. 12bygraphical distribution of SSTs related to changes of the
This geographical distribution of vorticity anomalies con- ENSO phases was examined. Large-scale vertical motion
tributes to restraining TC genesis in areas close to the equawhich provides convection was examined through analysing
tor but promotes cyclogenesis in the Australian region inrelative humidity in mid-troposphere. Positive (negative)
La Nifia seasons. anomalies of mid-tropospheric relative humidity which char-
acterize upward (downward) large-scale vertical motion en-
hance (reduce) TC genesis. The negative effect of verti-
3 Discussion and summary cal wind shear on TC genesis and intensification is well
documented (Gray, 1968; Merrill, 1988). As ENSO af-
ENSO is a coupled ocean-atmosphere phenomenon anfécts the strength of easterly and westerly winds in near-
changes in oceanic conditions associated with Eld\Nand ~ equatorial area, these variations in zonal flow are associated
La Nifha events are coupled with changes in atmospheriavith changes in low-level relative vorticity fields. Conse-
circulation. During the ENSO warm phase, an Efbli  quently, influence of the key environmental factors such as
event, changes in large-scale environmental conditions sucBSTs, relative humidity in mid-troposphere, vertical wind
as weakening the Walker circulation (this manifests in weak-shear and lower tropospheric vorticity on TC genesis have
ening the easterly trade winds, rise in air pressure over the Inbeen examined.
dian Ocean, Indonesia and Australia and fall in air pressure Over the South Indian Ocean, TC genesis occurs over
over the central and eastern Pacific Ocean) and displacingiost of the basin with maximum cyclogenesis in the area
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Fig. 8. Composite anomalies of the average annual number of tropical cyclogenesis in the South Pacific Oceém) @lifio and(b) La
Nifla episodes inx 6° boxes. The shades indicate areas where the statistical test is significant at the 90% level.

[5-15 S, 60—130E]. In the central part of the basin, only over the eastern part, while during Laffdi episodes it is the

a small number of cyclogenesis events are found south obpposite. TC genesis also tends to occur further away from

15° S. However, in the eastern part of the basin (east ofthe equator during La Ma episodes compared to EIidi

105 E) maximum TC genesis is located in the area betweerepisodes.

10° Sand 20 'S, and in the western part of the basin (between |n the eastern part of the basin near the coast of Western

African coast and 60E) area favourable to TC genesis occu- Australia, enhanced TC activity is observed in L&iflsea-

pies range of latitudes from 18 to 25 S. sons compared to El Ko episodes. A number of large-scale
During El Nifio episodes, TC genesis is above climatol- environmental factors contribute to increase in cyclogenesis.

ogy over the western part of the basin and below climatologyDuring El Nifio episodes, positive (anticyclonic) vorticity

Ann. Geophys., 27, 2522538 2009 www.ann-geophys.net/27/2523/2009/
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(@)

-

140E 150E 160E 170E 180 170W 150W 140W

Fig. 9. SST anomalies®C) from November to April in the South Pacific Ocean dur{ay El Nifio and(b) La Nifia episodes. The shades
indicate areas where the statistical test is significant at the 95% level.

anomalies, negative relative humidity anomalies, and rela- Positive vorticity anomalies contribute to inhibiting TC cy-
tively weak positive anomalies of SSTs are observed overclogenesis in the western part of the basin during LaaNi
this area; all these factors contribute to suppressing TC genespisodes. Negative SSTAs in the central part of the basin
sis. On the contrary, negative (cyclonic) vorticity anomalies, (around 70 ° E) during La Nia episodes additionally reduce
positive relative humidity anomalies, and positive anomaliesTC genesis in this part the South Indian Ocean in LAaNi

of SSTs observed during La i episodes enhance cycloge- seasons compared to Elfidi seasons.

nesis in this area.
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(a)

1
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Fig. 10. Relative humidity anomalies (%) at 500 hPa over the South Pacific Oceda)ff Nifio and(b) La Nifa episodes. The shades
indicate areas where the statistical test is significant at the 95% level.

In the South Pacific Ocean, tropical cyclogenesis is ob-compared to El Nio episodes, and TC activity is displaced
served over the range of longitudes between°B%&nd  to the western part of the basin closer to Australia. In general,
120 W. During El Nifio episodes, area of above climatol- southwest (northeast) shift of points of cyclogenesis during
ogy TC genesis is located in the eastern part of the basin easta Nifia (El Niio) episodes is observed.
of the line [10 S, 165 E-20° S, 175 E]. During La Niia

episodes, TC genesis occurs further away from the equator During El Nifio (La Nina) episodes, positive (nega-
tive) SSTAs in the eastern part of the basin and in the

Ann. Geophys., 27, 2522538 2009 www.ann-geophys.net/27/2523/2009/
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(a)
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Fig. 11. Zonal wind shearl{>00-Usso) (M s~1) over the South Pacific Ocean f@) El Nifio and(b) La Nifia episodes. The shades indicate

areas where the statistical test is significant at the 95% level.

near-equatorial region promote (inhibit) TC genesis and dewhich consistent with variations in SSTs contribute signifi-
velopment in the eastern part of the basin and contribute ta@antly to changes in cyclogenesis over the basin.

displacing area preferable for TC genesis closer to (away Cyclonic vorticity anomalies are another factor which

from) the equator. During La W& episodes, warmer Waters ¢, s increased TC activity in the central and eastern part
in the southwestern part of the basin favour increase of TC

ity in th f the basin. cl A i of the basin in El Niio episodes. In La Na episodes, anti-
activity In t e western part 0 the asin, closer to Australia. cyclonic vorticity anomalies located over the near-equatorial
The variations of the relatively humidity fields at 500 hPa

region contribute to decrease in TC genesis in the area close
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Fig. 12. Vorticity anomalies at 0.995 sigma level &) over the South Pacific Ocean f¢&) El Nifio and(b) La Nifia episodes. The shades
indicate areas where the statistical test is significant at the 95% level.

to the equator while cyclonic vorticity anomalies located be- episodes. During La Nia episodes, low vertical wind shear
tween latitudes around 15-2S contribute to increase in TC west of 180 enhances cyclogenesis in areas closer to Aus-
activity in the Australian region. tralia.

Relatively low vertical wind shear observed in the central  This study demonstrates that over the whole South Indian
equatorial and tropical areas of the basin also enhances TOcean basin, the changes in geographical distribution of rel-
activity in the central and eastern part of the basin in EldNi  ative humidity and vorticity are primary contributors to the
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