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Abstract. Tropical cyclogenesis climatology over the South
Indian and South Pacific Oceans has been developed using a new tropical cyclone (TC) archive for the Southern
Hemisphere, and changes in geographical distribution of areas favourable for TC genesis related to changes in the El
Niño-Southern Oscillation (ENSO) phases have been investigated. To explain these changes, large-scale environmental variables which influence TC genesis and development
such as sea surface temperatures (SSTs), relative humidity in
mid-troposphere, vertical wind shear and lower tropospheric
vorticity have been examined. In the South Indian Ocean, reduction of TC genesis in the western part of the basin and
its increase in the eastern part as well as displacement of
the area favourable for TC genesis further away from the
equator during La Niña events compared to El Niño events
can be explained by changes in geographical distribution of
relative humidity and vorticity across the basin as primary
contributors; positive anomalies of SSTs observed during La
Niña seasons in the eastern part of the basin additionally contribute to enhanced cyclogenesis near the Western Australia.
In the South Pacific Ocean, changes in geographical distribution of relative humidity and vorticity appear to be the key
large-scale environmental factors responsible for enhanced
TC genesis in the eastern (western) part of the basin as well
as for the northeast (southwest) shift of points of cyclogenesis during El Niño (La Niña) events, with vertical wind shear
and SSTs as additional contributing large-scale environmental variables.
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1

Introduction

Influence of the El Niño-Southern Oscillation (ENSO) phenomenon on tropical cyclone (TC) activity in the various regions of the Southern Hemisphere has been demonstrated in
numerous studies (Nicholls, 1984; Hastings, 1990; Evans
and Allen, 1992; Basher and Zheng, 1995; Nicholls et al.,
1998; Camargo et al., 2007; Kuleshov et al., 2008). It is well
known that the ENSO also plays an important role in TC
interannual variability in ocean basins of the Northern Hemisphere (e.g. Chu, 2004), although the influence of large-scale
environmental factors on TC genesis and development varies
for different basins. Gray (1979) formulated six large-scale
environmental parameters playing key roles in formation of
TCs including the Coriolis parameter, low-level relative vorticity, relative humidity in the mid-troposphere, tropospheric
vertical wind shear, ocean thermal energy, and difference
in equivalent potential temperature between the surface and
500 hPa. Recently, Camargo et al. (2007) used a genesis potential index which is similar to Gray’s seasonal genesis index (Gray, 1979) to diagnose ENSO effects on tropical cyclogenesis and concluded that in the basins of the Southern
Hemisphere vertical wind shear and mid-tropospheric relative humidity are especially important, vorticity anomalies
contribute most significantly in the central Pacific, and thermodynamic variable of the genesis potential index described
in terms of potential intensity (Bister and Emanuel, 1998)
plays a secondary role. It is well established that vertical
wind shear in the Northern Hemisphere, particularly in the
North Atlantic, plays a primary role in TC variability related
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
phases are significant in the equatorial and near-equatorial regions of the Indian and Pacific Oceans, and it appears that the
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thermodynamic variable can be in addition one of the important environmental factors contributing to tropical cyclogenesis variability in this region. Thus, it is pertinent to further
examine influence of changes in TC surrounding environment on TC genesis. Based on results of earlier studies, large
scale environmental factors which influence TC genesis and
development such as SST, relative humidity, vertical wind
shear and relative vorticity were examined here through the
National Center for Environmental Prediction (NCEP) composite re-analysis dataset (Kalnay et al., 1996).
Results of the studies on the relationship between TCs
and the ENSO depend on a definition of the ENSO warm
(El Niño) and cold (La Niña) phases, which is used to conduct composite analyses and to explain the observed variability. Therefore, it is essential to discuss selection of El
Niño and La Niña years in detail. For example, Saunders et
al. (2000) used the NINO3.4 sea surface temperature anomalies (SSTA) thresholds of above +0.3◦ C (below −0.3◦ C) to
define El Niño (La Niña) conditions. Camargo et al. (2007)
selected 25% of years with the highest (lowest) NINO3.4 values in a season to define El Niño (La Niña) years with the
remaining 50% years defined as neutral. More often, thresholds of above +0.5◦ C for El Niño and below −0.5◦ C for
La Niña conditions are used (Climate Prediction Center web
page). Though the ENSO has been a subject to numerous
studies over the past decades (Troup, 1965; Chen, 1982; Ropelewski and Jones, 1987; Trenberth, 1997) there is no universal agreement on a definition of the ENSO and its phases
so far, resulting in various criteria in the delineation between
El Niño and La Niña events.
Recently, Kuleshov et al. (2008) examined several key
ENSO indices in order to develop a collective list of historical El Niño and La Niña events. The Southern Oscillation Index (Troup, 1965) and the NINO3.4 SSTA (a threemonth running mean of ERSST.v2 SST anomalies in the
NINO3.4 region (5◦ N–5◦ S, 120◦ W–170◦ W), based on the
1971–2000 base period) which are the two most commonly
used indices in defining the ENSO phases, have been examined. Composite indices such as the Multivariate ENSO
Index (MEI) (Wolter, 1987) and the Five Variable (5VAR)
ENSO Index [an index based on the first principal component of Darwin and Tahiti mean sea level pressure, and the
NINO3, NINO3.4 and NINO4 SST indices which is used
by the Australian National Climate Centre internally to define ENSO phases (Kuleshov et al., 2009)] have been also
examined. Consequently, a list of TC seasons which are considered as El Niño and La Niña seasons has been developed
and recommended for subsequent studies on TC activity in
the Southern Hemisphere. As the data in the Southern Hemisphere Tropical Cyclone archive start from 1969/70 TC seasons, in this study the following TC seasons from the whole
list prepared by Kuleshov et al. (2008) have been selected
as El Niño seasons: 1969/70, 1972/73, 1976/77, 1977/78,
1979/80, 1982/83, 1986/87, 1987/88, 1991/92, 1992/93,
1993/94, 1994/95, 1997/98, 2002/03 and 2004/05, and the
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following TC seasons have been selected as La Niña seasons:
1970/71, 1973/74, 1974/75, 1975/76, 1988/89, 1998/99 and
1999/2000. In the selected 36 year period, there are more TC
seasons which are considered as El Niño seasons than those
which are considered as La Niña seasons; it was reported
by Trenberth (1997) that El Niño conditions occur approximately 31% of the time and La Niña conditions 23%.
This study aims to examine the TC genesis climatology
over the South Indian Ocean and the South Pacific Ocean and
to investigate changes in tropical cyclogenesis in different
areas of the Southern Hemisphere in relation to changes of
large-scale environmental factors associated with the ENSO
phases.
2

Results of analysis of tropical cyclogenesis

Data from the TC archive for the Southern Hemisphere
which has been prepared at the National Climate Centre, Bureau of Meteorology, Australia (Kuleshov et al., 2008) have
been used in this study. In the TC archive for the Southern
Hemisphere, the best track TC data from the National Meteorological and Hydrological Services of Australia (Bureau
of Meteorology), New Zealand (Meteorological Service of
New Zealand) and France (Météo-France) were combined
into one homogenous dataset. TC data from 1969/70 to
2005/06 TC seasons have been analysed to develop tropical
cyclogenesis climatology. For the Southern Hemisphere, the
TC year was considered as the 12 month period from July to
June inclusive. Fields of the SST, relative humidity in midtroposphere, vertical wind shear and lower tropospheric vorticity have been obtained from the NCEP re-analysis dataset
(Kalnay et al., 1996). In this study, geographical boundaries for the South Indian Ocean basin are defined as south to
the equator, west of 135◦ E, and for the South Pacific Ocean
basin as south to the equator, east of 135◦ E.
2.1
2.1.1

The South Indian Ocean
Tropical cyclone genesis

Spatial distribution of TC genesis over the South Indian
Ocean basin during all TC seasons from 1969 to 2006, including El Niño, La Niña and neutral phases of ENSO is presented in Fig. 1. In this study, a cyclogenesis point is defined
by locating a point along cyclone track where an estimated
TC central pressure attained a threshold of 1000 hPa or lower.
In the South Indian Ocean, TC genesis is observed over the
whole range of longitudes of the basin. The maximum occurrence is located in the area around [5–15◦ S, 60–130◦ E]. In
the area between African coast and 60◦ E, there is a noticeable displacement of the points of TC genesis southwards to
10–25◦ S.
Analysis of composite cyclogenesis anomalies demonstrates that during El Niño episodes (Fig. 2a) TC genesis
is above climatology in the western part of the basin (west
www.ann-geophys.net/27/2523/2009/
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of around 85◦ E) with the maximum located around [15◦ S,
65◦ E] and it is below climatology in the eastern part of the
basin (east of around 85◦ E) with the minimum in the area
centred around [10◦ S, 95◦ E] (results in this area are significant at 90% level). To evaluate significance of the results, the
Student t-test is employed in this study, with the null hypothesis that the anomaly is not significantly different from zero.
It should be noticed that the results from this significance test
need to be treated cautiously because of the relatively small
size of TC data sample. As mentioned in the Introduction,
the reliable TC records in the Southern Hemisphere start with
the beginning of the satellite era in late 1960s–early 1970s.
As an effort to increase the sample size, a relatively large
grid box, 6◦ by 6◦ , is selected for the analysis in this study.
[Similar approach was applied by Chan (2000) for studying
TC activity over the western North Pacific associated with
El Niño and La Niña events.] A large area with test values
greater than the specified significance threshold is likely to
be true for individual seasons.
During La Niña episodes (Fig. 2b), increase of TC genesis is observed in the eastern part of the basin (east of about
85◦ E) with a primary cyclogenesis maximum in the area located off the northwest coast of Western Australia around
[15◦ S, 120◦ E] and a secondary TC genesis maximum centred around [15◦ S, 95◦ E] (both passed the significance test
at 90% level).
2.1.2

Indian

SST distribution

Ocean thermal energy is an important contributor to TC genesis and according to Gray (1979) ocean temperatures greater
than 26◦ C to a depth of 60 m is an essential climatological
www.ann-geophys.net/27/2523/2009/

aspect of the seasonal frequency of TC formation at any location. To evaluate temperature’s geographical distribution
over the two oceanic basins, we firstly derived the SST climatology based on 1968 to 1996 period as defined by Physical Sciences Division, National Oceanic and Atmospheric
Administration (NOAA web page). In the South Indian
Ocean, during both warm and cold ENSO phases oceanic
conditions in terms of SSTs above 26◦ C (Gray, 1979) are
favourable over the near-equatorial belt between the equator
and about 15◦ S∼25◦ S (figure not shown). Thus, it appears
that changes in geographical distribution of SSTs over the
basin related to warm and cold phases of ENSO rather than
temperature values per se influence changes in TC genesis.
Analysing average SST anomaly fields (SSTAs) from
November to April, it was found that positive SSTAs are
present nearly over the whole range of longitudes between
the equator and about 30–35◦ S during El Niño events except for a relatively small area around [35◦ S, 60◦ E] (Fig. 3a;
shaded areas indicate where statistical tests are significant at
95% level). Strong positive anomalies are observed in the
central parts of the basin with maximum values greater than
0.4◦ C, which can contribute to increased TC genesis in those
areas in El Niño seasons. The area of enhanced cyclogenesis
located around [15◦ S, 65◦ E] (Fig. 2a) matches the significant positive SSTAs in the same region quite well.
During La Niña seasons, positive SSTAs observed
20 over the
basin in El Niño seasons (Fig. 3a) are replaced by negative
SSTAs which are found over the most areas in the South Indian Ocean from the equator to about 30◦ S except for the
central and southern areas off Western Australia coastline
(Fig. 3b). This contrast in the SST distribution over the basin
during La Niña seasons can partially explain displacement
Ann. Geophys., 27, 2523–2538, 2009
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535
areas where the statistical test is significant at the 90% level
of area favourable for cyclogenesis to the eastern part of the
donesia. The areas of negative anomalies of relative humidity
basin closer to the coast of Western Australia (Fig. 2) where
are collocated with the areas of relatively weak anomalies of
the warmer SSTs are present.
SSTs, which can additionally contribute to decreased TC activity in the eastern part of the basin (about 10◦ S, 95◦ E in
Fig. 2a) during El Niño seasons.
2.1.3 Relative humidity
Comparing results presented in Figs. 4a (El Niño) and 4b
High relative humidity is one of the key factors influenc(La Niña), significant relative humidity decrease in the cening TC development as it provides sufficient moisture at the
tral part of the basin (about 70◦ E) was found during La Niña
lower level and in the mid-troposphere (4 to 8 km) (Gray,
seasons, which is consistent with the decreased TC activity
1979). Geographical distribution of mid-tropospheric relaover this area evident from comparing Fig. 2a and b. During
tive humidity at 500 hPa level during the period from NovemLa Niña seasons, there is a large area with positive anomaber to April has been examined in this study. Results for El
lies of relative humidity over the equatorial
21 and tropical reNiño events are shown in Fig. 4a. A large area with negative
gions of the northwest of Australia and Indonesia from 85◦ E
anomalies of relative humidity is observed between the equato 140◦ E, with another positive anomaly area to the west of
◦
tor and about 15 S (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 except
over the central part (around 20◦ S, 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, 2523–2538, 2009
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El Niño and (b) La Niña episodes. The shades indicate areas where the statistical test is
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significant at the 95% level

and warmer SSTs both contributes towards increased TC activity during La Niña seasons.

544

2.1.4

545Vertical wind shear

The vertical wind shear plays an important role in tropical
cyclogenesis and development: strong vertical wind shear
inhibits tropical cyclogenesis, while weak vertical shear
favours TC genesis and development (DeMaria, 1996; Maloney and Hartmann, 2000; Zehr, 2003). It is well known that
vertical wind-shear variations can have a significant impact
on the interannual variability of TC activity in the Northern
Hemisphere (e.g., Gray, 1984).
The vertical wind shear is defined here as the difference
of magnitudes between the zonal wind fields at 200 hPa and
850 hPa. Results of analysis are shown for El Niño and La
Niña seasons in Fig. 5a and b, respectively. The vertical wind
www.ann-geophys.net/27/2523/2009/

shear over the whole basin is slightly weaker during El Niño
seasons than that during La Niña seasons, in particular over
the central and eastern parts of the basin. In general, wind
shear is relatively weak in the near-equatorial area. Also, in
the western part of the basin (west of 70◦ E) the wind shear
is weaker than in the eastern part of the basin during both
warm and cold ENSO episodes. Changes in this environmental factor are not easily interpreted in order to explain
observed changes in TC activity.
2.1.5

Vorticity

22

The vorticity anomalies at 0.995 sigma level (surface level)
from November to April during El Niño seasons are shown
in Fig. 6a. Large area of positive (anticyclonic) vorticity anomalies at [about 5–15◦ S, 70–135◦ E] which extends
from the central part of the basin to the northwest coast of
Ann. Geophys., 27, 2523–2538, 2009
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Australia
evident in Fig.
However,
553 is significant
at the6a.95%
level centred around
[25◦ S, 65◦ E], there is a large area of negative (cyclonic) vorticity554
anomalies which are more favourable to tropical cyclogenesis. During El Niño seasons, the areas to the north of
15◦ S and east of 70◦ E, are not favourable (in terms of vorticity impacts) to the TC genesis in comparison to the rest of
the basin.
During La Niña seasons, negative (cyclonic) vorticity
anomalies over the tropical areas of the central and eastern
parts of the basin (Fig. 6b) replace the anticyclonic vorticity anomalies observed in this area during El Niño seasons
(Fig. 6a). It additionally contributes to increase in cyclone
activity in the eastern part of the basin during La Niña seasons. In the western part, cyclonic vorticity anomalies are
also observed between Madagascar and mainland Africa.

Ann. Geophys., 27, 2523–2538, 2009

2.2
2.2.1

The South Pacific Ocean
Tropical cyclone genesis

Spatial distribution of TC genesis over the South Pacific
Ocean basin during all TC seasons from 1969 to 2006 is
shown in Fig. 7. Points of cyclogenesis are observed over
the range of longitudes between 135◦ E and 120◦ W. We will
refer to this domain as the basin in the following analysis
of geographical distribution of TC genesis and influence of
the large-scale environmental factors; area of the South Pacific Ocean east of 120◦ W will not be under consideration.
A comparison between cyclogenesis events during
23 El Niño,
La Niña and neutral seasons (Fig. 7) reveals that points of
TC genesis are displaced towards southwest during La Niña
seasons compared to El Niño seasons. This result is in agreement with previous studies on TCs in the Southwest Pacific
Ocean (Gray, 1988; Basher and Zheng, 1995).
www.ann-geophys.net/27/2523/2009/
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Analysis of spatial distribution of tropical cyclogenesis
during the El Niño seasons (Fig. 8a) shows that a large area of
563
above climatology TC genesis is located in the eastern part
of the basin east of the line [10◦ S, 165◦ E–20◦ S, 175◦ E].
564
During La Niña seasons (Fig. 8b), area of active TC genesis is displaced southwest to around [10–20◦ S, 145–170◦ E]
(statistically significant at 90% level) and TC activity in the
central near-equatorial area of the basin around [5–15◦ S,
170◦ E–170◦ W] is below the climatology.
2.2.2

SST distribution

During El Niño seasons, the SSTAs are positive in the nearequatorial area and in the eastern part of the basin, with maximum positive anomalies in the area around [0–15◦ S, 160◦ E–
140◦ W] (Fig. 9a), while across the Coral Sea, there is a narrow zone of negative anomalies extending southeastward to
www.ann-geophys.net/27/2523/2009/

the central and eastern parts of the basin. The positive SSTAs
promote TC genesis and development further eastwards in
the basin in El Niño seasons when compared with La Niña
seasons (Fig. 8). During La Niña seasons, negative SSTAs
replacing a large area between the equator and 15◦ S (Fig. 9b)
inhibit TC genesis and contribute to displacing area preferable for TC genesis southwest compared to El Niño seasons
(Fig. 8b). Warmer than climatological average waters found
in the area from the Coral Sea to the central and eastern parts
of the basin during La Niña seasons favour increase of TC activity in the western part of the basin as well as in the central
part.

24

2.2.3

Relative humidity

Relative humidity anomalies at 500 hPa during warm and
cold phases of the ENSO are shown in Fig. 10a and b,
Ann. Geophys., 27, 2523–2538, 2009

2530565

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

566

(a)

567
568

(b)

569
−1 ) over the South Indian-1Ocean for (a) El Niño and (b) La Niña episodes. The shades
Fig. 6.
Vorticity
anomalies
at 0.995 sigma
level (sat
570
Figure
6. Vorticity
anomalies
0.995 sigma level (s ) over the South Indian Ocean for (a) El
indicate areas where the statistical test is significant at the 95% level.

571

Niño and (b) La Niña episodes. The shades indicate areas where the statistical test is

respectively. During El Niño years, an area of positive relsignificant
95% east
levelof dateline between
ative572
humidity
anomaliesatisthe
located
◦
the equator and about 10 S, which is a classical pattern for
573
El Niño events (Fig. 10a). A large drier zone of relative humidity is observed southwest to the positive anomalies, with
a minimum centre in the central part of the basin. Over the
Coral Sea, significant negative anomalies are also observed,
where TC activity is weaker. During La Niña events, the geographical distribution of relative humidity anomalies is the
opposite; they are positive over a large area extending from
the Coral Sea to the central part of the basin, significant at
95% level (Fig. 10b), corresponding well with the increased
TC activities over the western and central parts of the basin
(Fig. 8b).
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2.2.4

Vertical wind shear

During the ENSO warm phase (Fig. 11a), a zone of relatively
weak vertical wind shear (<8 ms−1 ) located over most of the
equatorial and tropical areas of the basin with the contour of
10 ms−1 located at 13◦ S to 14◦ S in the western and central
part of the basin. During the ENSO cold phase (Fig. 11b), the
zone of relatively weak wind shear moves westwards with a
minimum centre at about 160◦ E to 175◦ E. The contour of
10 m−1 moves southwards to about 15◦ S to 20◦ S across the
whole basin. This spatial distribution of vertical wind shear
contributes to increased TC activity over the area west of the
dateline and shifting area of enhanced cyclogenesis and TC
25seasons.
development closer to Australia during La Niña

www.ann-geophys.net/27/2523/2009/
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2.2.5
Vorticity anomalies at 0.995 sigma level during warm and
cold phases of the ENSO are shown in Fig. 12a and b, respectively. For El Niño seasons, negative vorticity anomalies dominate over the near-equatorial areas, with a minimum centre located at about 10◦ S to 175◦ W, and positive anomalies of vorticity are observed to the south over
latitudes from about 15◦ S to 35◦ S across the whole basin
(Fig. 12a). Cyclonic (negative) vorticity anomalies in the
area [5–15◦ S] favour cyclogenesis in the near-equatorial
areas and contribute to increased TC activity in the eastern
part of the basin in El Niño seasons. For La Niña seasons,
spatial distribution of vorticity anomalies is the opposite:
positive anomalies are located over the near-equatorial areas
and negative anomalies are observed to the south (Fig. 12b).
This geographical distribution of vorticity anomalies contributes to restraining TC genesis in areas close to the equator but promotes cyclogenesis in the Australian region in
La Niña seasons.

3

Discussion and summary

ENSO is a coupled ocean-atmosphere phenomenon and
changes in oceanic conditions associated with El Niño and
La Niña events are coupled with changes in atmospheric
circulation. During the ENSO warm phase, an El Niño
event, changes in large-scale environmental conditions such
as weakening the Walker circulation (this manifests in weakening the easterly trade winds, rise in air pressure over the Indian Ocean, Indonesia and Australia and fall in air pressure
over the central and eastern Pacific Ocean) and displacing
www.ann-geophys.net/27/2523/2009/

Pacific

warm water in the Pacific (i.e. cooling water in the western
Pacific and warming water in the central and eastern equatorial Pacific) occur. During the ENSO cold phase, a La Niña
event, the trade winds strengthen, warmer water accumulates
in far western Pacific and cold pool in the eastern Pacific intensifies resulting in equatorial SSTs being cooler than climatological average.
In this study, changes in tropical cyclogenesis over the
South Indian and South Pacific Oceans related to changes in
large-scale environmental factors associated with the warm
and cold phases of the ENSO phenomenon have been investigated. The physical mechanism by which changes in TC
activity are related to the environment has been explored.
Warm equatorial water provides thermal energy necessary
for TC genesis (Gray, 1979) and therefore variation in geographical distribution of SSTs related to changes of the
ENSO phases was examined. Large-scale vertical motion
which provides convection was examined through analysing
relative humidity in mid-troposphere. Positive (negative)
anomalies of mid-tropospheric relative humidity which characterize upward (downward) large-scale vertical motion enhance (reduce) TC genesis. The negative effect of vertical wind shear on TC genesis and intensification is well
documented (Gray, 1968; Merrill, 1988). As ENSO affects the strength of easterly and westerly winds in nearequatorial area, these variations in zonal flow are associated
with changes in low-level relative vorticity fields. Consequently, influence of the key environmental factors such as
SSTs, relative humidity in mid-troposphere, vertical wind
shear and lower tropospheric vorticity on TC genesis have
26
been examined.
Over the South Indian Ocean, TC genesis occurs over
most of the basin with maximum cyclogenesis in the area
Ann. Geophys., 27, 2523–2538, 2009
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South Pacific Ocean during (a) El Niño and (b) La Niña episodes in 6° x 6° boxes. The shades

[5–15◦ S,

◦ E]. In the central part of the basin, only
overatthe
part, while during La Niña episodes it is the
585 60–130
indicate
areas where the statistical test is significant
theeastern
90% level

a small number of cyclogenesis events are found south of
15◦ S. However, in the eastern part of the basin (east of
105◦ E) maximum TC genesis is located in the area between
10◦ S and 20◦ S, and in the western part of the basin (between
African coast and 60◦ E) area favourable to TC genesis occupies range of latitudes from 10◦ S to 25◦ S.
During El Niño episodes, TC genesis is above climatology over the western part of the basin and below climatology
Ann. Geophys., 27, 2523–2538, 2009

opposite. TC genesis also tends to occur further away from
the equator during La Niña episodes compared to El Niño
episodes.
In the eastern part of the basin near the coast
27of Western
Australia, enhanced TC activity is observed in La Niña seasons compared to El Niño episodes. A number of large-scale
environmental factors contribute to increase in cyclogenesis.
During El Niño episodes, positive (anticyclonic) vorticity
www.ann-geophys.net/27/2523/2009/
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El Niño and (b) La Niña episodes. The shades indicate areas where the statistical test is

592 negative
significant
at thehumidity
95% level
anomalies,
relative
anomalies, and relatively weak positive anomalies of SSTs are observed over
this area; all these factors contribute to suppressing TC genesis. On the contrary, negative (cyclonic) vorticity anomalies,
positive relative humidity anomalies, and positive anomalies
of SSTs observed during La Niña episodes enhance cyclogenesis in this area.
www.ann-geophys.net/27/2523/2009/

Positive vorticity anomalies contribute to inhibiting TC cyclogenesis in the western part of the basin during La Niña
episodes. Negative SSTAs in the central part of the basin
(around 70 ˚ E) during La Niña episodes additionally
reduce
28
TC genesis in this part the South Indian Ocean in La Niña
seasons compared to El Niño seasons.
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El Niño and (b) La Niña episodes. The shades indicate areas where the statistical test is

significant
at the 95%
levelcyclogenesis is obIn599
the South
Pacific Ocean,
tropical
served over the range of longitudes between 135◦ E and
120◦ W. During El Niño episodes, area of above climatology TC genesis is located in the eastern part of the basin east
of the line [10◦ S, 165◦ E–20◦ S, 175◦ E]. During La Niña
episodes, TC genesis occurs further away from the equator

Ann. Geophys., 27, 2523–2538, 2009

compared to El Niño episodes, and TC activity is displaced
to the western part of the basin closer to Australia. In general,
southwest (northeast) shift of points of cyclogenesis during
La Niña (El Niño) episodes is observed.
29
During El Niño (La Niña) episodes, positive (negative) SSTAs in the eastern part of the basin and in the
www.ann-geophys.net/27/2523/2009/
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200 –U850 )wind
604ZonalFigure
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areas where the statistical test is significant at the 95% level.

605

Niño and (b) La Niña episodes. The shades indicate areas where the statistical test is

606
significant
at the 95%
levelTC genesis and denear-equatorial
region promote
(inhibit)
velopment in the eastern part of the basin and contribute to
displacing area preferable for TC genesis closer to (away
from) the equator. During La Niña episodes, warmer waters
in the southwestern part of the basin favour increase of TC
activity in the western part of the basin, closer to Australia.
The variations of the relatively humidity fields at 500 hPa
www.ann-geophys.net/27/2523/2009/

which consistent with variations in SSTs contribute significantly to changes in cyclogenesis over the basin.
Cyclonic vorticity anomalies are another factor which
favours increased TC activity in the central and eastern part
of the basin in El Niño episodes. In La Niña 30
episodes, anticyclonic vorticity anomalies located over the near-equatorial
region contribute to decrease in TC genesis in the area close
Ann. Geophys., 27, 2523–2538, 2009
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to the613
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tween latitudes around 15–25 S contribute to increase in TC
activity in the Australian region.

episodes. During La Niña episodes, low vertical wind shear
west of 180◦ enhances cyclogenesis in areas closer to Australia.

Relatively low vertical wind shear observed in the central
equatorial and tropical areas of the basin also enhances TC
activity in the central and eastern part of the basin in El Niño

This study demonstrates that over the whole South Indian
Ocean basin, the changes in geographical distribution of relative humidity and vorticity are primary contributors to the

Ann. Geophys., 27, 2523–2538, 2009
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variations in TC genesis related to the ENSO phenomenon.
Positive anomalies of SSTs observed during La Niña seasons
in the eastern part of the basin also contribute to enhanced
cyclogenesis near the Western Australia.
In the Pacific, large-scale environmental changes associated with the ENSO (i.e. changes in near-equatorial SSTs
and the Walker Circulation) significantly affect TC genesis.
Changes in geographical distribution of relative humidity and
vorticity are primary factors influencing tropical cyclogenesis over the entire South Pacific, with changes in SSTs and
vertical wind shear additionally favouring enhanced TC activity in the eastern (western) part of the basin during El Niño
(La Niña) years.
These finding are in agreement with general conclusions of
Camargo et al. (2007) that mid-tropospheric relative humidity and vertical wind shear are important contributors to variation in tropical cyclogenesis in the basins of the Southern
Hemisphere; however our results also highlight the key role
of vorticity and additional contribution of changes in SSTs in
the South Indian and the South Pacific Oceans.
This study confirms that during El Niño events TC activity
in the South Pacific is displaced away from the Australian
coast further eastward (Gray, 1988; Basher and Zheng, 1995)
and it reports that relative humidity and vorticity are the key
factors of the South Pacific TC environment.
In summary, using the data from recently developed TC
archive for the Southern Hemisphere, changes in tropical cyclogenesis over the South Indian and South Pacific Oceans
related to changes in the ENSO phases have been investigated in this study. Significant variations in geographical distribution of areas of enhanced TC genesis have been
identified. To explain these changes, large-scale environmental factors which influence TC genesis and development
such as sea surface temperature, relative humidity in midtroposphere, vertical wind shear and lower tropospheric vorticity have been examined. In the South Indian Ocean, reduction of TC genesis in the western part of the basin and
its increase in the eastern part as well as displacement of
the area favourable for TC genesis further away from the
equator during La Niña events compared to El Niño events
can be explained by changes in geographical distribution of
relative humidity and vorticity across the basin as primary
contributors; positive anomalies of SSTs observed during La
Niña seasons in the eastern part of the basin also contribute
to enhanced cyclogenesis near the Western Australia. In the
South Pacific Ocean, changes in geographical distribution of
relative humidity and vorticity appear to be the key largescale environmental factors responsible for enhanced TC
genesis in the eastern (western) part of the basin as well as
for the northeast (southwest) shift of points of cyclogenesis
during El Niño (La Niña) events, with vertical wind shear
and SSTs as additional contributing environmental factors.
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