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1.   INTRODUCTION 
 

Tropical cyclones (TCs) produce a well defined 
signature of their global domain as shown in figure 1. 
This figure is an update of the earlier work of the 
pioneering tropical meteorologist Williams Gray (1968) 
based on Neumann (1993), indicating the different 
regional names attributed to TCs. The isolated 
occurrence of hurricane Catarina in the South Atlantic 
(SA) in March 2004 (Pezza and Simmonds, 2005) is 
also indicated as a case of Tropical Transition (TT). It 
had been generally accepted that hurricanes could not 
form over the SA because of the relatively strong 
environmental vertical wind shear (EVWS) and cold sea 
surface temperatures (SSTs), but Catarina made the 
community re-think this interpretation showing the need 
for a relaxation of earlier arbitrary criteria (Pezza and 
Simmonds 2005). Past SA hurricanes or hybrid systems 
that originated hurricanes, if they existed, have not been 
documented, although organized deep convective 
clusters have infrequently been identified over the South 
Atlantic (McTaggart-Cowan et al (2006) and Pezza et al. 
(2008)). 

 

 
Figure 1: World map with the climatological 

occurrence of tropical cyclones, transitioning and hybrid 
cyclones and their regional names. The X shows the 
approximate landfall location of hurricane Catarina in 
March 2004, the first documented South Atlantic 
hurricane. Adapted from Neumann (1993). 

 
 
The term TT for tropical transition refers to an 

initial Extratropical Cyclone (EC) changing into a TC 
(Hart, 2003; Davis and Bosart, 2003), while extratropical 
transition (ET) refers to the opposite mechanism, i.e., 
when a well developed TC will change into an ET (Hart, 
2003; Jones et al., 2003). The expression ‘transition’ 
commonly refers to one of those mechanisms above, 
and cyclones undergoing one of those or similar 
processes can also be referred to ‘hybrid’ systems. 
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 Figure 1 also indicates the occurrence of TT 

and ET processes and other hybrid systems such as 
polar lows throughout both Hemispheres of Earth. 
Figure 2 shows a conceptual diagram of different types 
of cyclones which was the precursor to the idea of 
cyclone transition. This diagram was adapted from 
Beven (1997), who offered the first modern ideas and 
conceptual developments on the mechanism of 
transition. From figure 2 we observe tropical and 
subtropical cyclones at one end of the spectrum, with 
bombs and extratropical lows at the opposite end and 
hybrid systems in between. The simple conceptual idea 
behind this diagram is that there is a continuum in the 
spectrum in which each type of cyclone observed on 
earth will certainly fit based on thermal properties and 
symmetry characteristics, among others (frontal 
asymmetric and non-frontal symmetric, for example).   

The transition idea comes from the simple 
observation that there is no physical constrain in the 
free atmosphere to prevent one type of cyclone in the 
diagram becoming a different type or having partial 
characteristics or a combination of different types 
(hybrid systems). In fact, a few works had already 
dedicated thought to the fundamentals of the idea many 
decades ago (Palmén, 1958; Dimego and Bosart, 
1982). From this view point the TT and ET are just two 
possible cases of transition leading from one extreme to 
the other in the spectrum. While they are of immense 
significance for linking both extremes, other processes 
leading to the formation of the so-called bomb or 
explosive cyclones, polar lows, subtropical cyclones 
with a hybrid thermal structure and others are also 
widely observed amongst both hemispheres and are not 
infrequently associated with extreme weather 
development.  

 

 

Figure 2: Schematic diagram of different types 
of cyclones indicating the occurrence of tropical and 
extratropical transition. Adapted from Beven (1997). 
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Obviously not all hurricanes are formed via TT 
processes. Conversely only a certain percentage of 
hybrid cyclones are originated from previous existing 
hurricanes. ‘Pure’ ECs and TCs obey well understood 
dynamic processes which are reasonably distinct. 
Those are primarily driven by baroclinic growth in ECs 
and convective instability (wind-induced surface heat 
exchange [WISHE, Emanuel (1987a,b)]) mechanisms in 
TCs. In the North Atlantic alone for instance a significant 
percentage of cyclones will undergo at least a certain 
degree of TT or ET during their lifecycles, and recently 
even attention to the posttransition processes has been 
given (Hart et al., 2006). This is so because of the 
usually strong winds and severe weather associated 
with cyclones that underwent transition, with the 
possibility of an explosive re-intensification (Hart et al., 
2006).  

Recent work has suggested that a significant 
percentage of the North Atlantic hurricanes could have a 
certain type of extratropical precursor associated to its 
genesis, but a detailed global climatology of transition is 
still lacking (Davis and Bosart, 2003,2004; Jones et al, 
2003). It is also known that transition mechanisms do 
take place in the SH, but the literature is almost 
inexistent except for the Australasia region where a 
tentative climatology has been recently developed (Dare 
and Davidson, 2004; Davidson et al., 2007). Preliminary 
figures show that in the southwestern Pacific the 
occurrence of ET peaks in March, with up to 10% of the 
eastern Australian basin original tropical cyclones 
reaching latitudes as far south as 40oS (Dare and 
Davidson, 2004; Sinclair, 2002). The occurrence of ET 
off the west coast of Australia had also been previously 
documented (Foley and Hanstrum, 1994). 

Catarina in March 2004 was not simply the first 
SA hurricane: it was a TT case (Pezza and Simmonds, 
2005), which from a climate perspective makes it an 
even rarer phenomenon. Accurate figures for the 
climatology of TT in the SH and in particular in the 
South Atlantic is still widely unknown, but our knowledge 
of transitioning mechanisms is increasing as we gain 
further insight. For example, environmental processes 
related to energy exchanges through baroclinic and 
barotropic conversions have recently been shown to 
contribute to their formation (Veiga et al., 2008).  

Here we discuss recent advancements on the 
topic of transition, with emphasis on TT mechanisms in 
the Southern Hemisphere as exemplified by the recent 
findings related to hurricane Catarina in Brazil (March 
2004) and others such as ‘duck’ cyclone (i.e., a hybrid) 
in Australia (March 2001). The occurrence of ET 
mechanisms is exemplified through a case study of an 
interaction with a major cold surge affecting Australia in 
February 1990. That rare case had been earlier 
identified as a rare example of a tropical interaction cold 
front event (Simmonds and Richter, 2000) and has now 
been traced back to South America in terms of wave 
propagation (Ashcroft, 2007). Cold surges (or Polar 
Outbreaks) can be associated with very significant 
economic losses in the Americas (Marengo et al., 1997) 
and elsewhere. Their link with ET cases illustrates the 

wider range of climate implications associated with 
transitioning cyclones.      

  
 
2.  DATA AND METHODOLOGY 
 
  

A number of different datasets have been used 
in this study. The cyclone trajectories were calculated 
using the Melbourne University automatic tracking 
scheme (Murray and Simmonds, 1991; Simmonds et al, 
2003). For the calculation of the SA index six hourly 
data from the National Centers of Environmental 
Prediction / Department of Energy (NCEP/DOE) 
reanalysis II dataset, with a resolution of 2.5 x 2.5 deg, 
have been used (Kistler et al 2001).  

The EVWS is defined as the magnitude of the 
difference between the 200 and 850 hPa vector winds 
between 35 and 60oW along the 30oS latitude.  The 
‘South Atlantic index’ (SAI) is defined as the normalised 
difference between the average 700 hPa geopotential 
anomaly in the area between 47.5 and 55oS and 20 and 
60oW (or blocking index BI (Pezza and Simmonds, 
2005)) and the minimum EVWS calculated at 6-hourly 
intervals. In mathematical terms, the SAI is given by:                        
SAI(t=0) = BIN(t=0) – Min (EVWSN)(t=0, t=n)                                                         
(1) 
where the BI and EVWS are given as defined above 
and the normalization N was given by subtracting the 
minimum value and dividing by the maximum  (Wilks 
1995). The lag n over which the minimum shear is 
calculated is here assumed as 12 days to coincide with 
the ‘index cycle’, a typical time of dynamic adjustment 
for synoptic scale wave propagation in the atmosphere 
(Pezza et al., 2008). 

For the Australian ‘duck’ cyclone (section 4) 
the very high resolution MESOLAPS data (0.125 x 
0.125 deg) from the Bureau of Meteorology was used, 
with SSTs obtained from the Climatic Data Centre from 
NOAA. The analysis of signatures of cold surges in the 
SH and the associated study of extratropical transition 
(section 5) included the use of pressure and 
temperature data from NCEP and ERA40 reanalysis.     
 
 
 
3. TROPICAL TRANSITION LEADING TO THE FIRST 
SOUTH ATLANTIC HURRICANE (MARCH 2004)  
 
3.1 Observational aspects 

 
Figure 3 shows (a) the satellite-derived upper 

level winds (in colors) estimated by the infra-red Goes-
12 sensor for March 26th at 3 pm local time and (b) the 
infrared large scale view satellite image putting Catarina 
in context with the synoptic circulation in the tropics and 
extratropics for March 27th at 3pm local time. The 
approximate positioning of the blocking ridge’s 
maximum (Pezza and Simmonds, 2005) further south in 
figure 3b is indicated by H.  
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Figure 3: (a) GOES-12 IR image for March 26th 
2004 at 03pm in southern Brazil superposed to the 
estimated upper level winds from the IR sensor. The 
arrows indicate the different upper level flows. Adapted 
from original image from the University of Wisconsin – 
Madison Space Science and Engineering Center 
(http://cimss.ssec.wisc.edu) and (b) IR channel global-
like view satellite image for March 27th 2004. The H 
approximately indicates the positioning of the blocking 
ridge associated with Catarina’s genesis. Image 
available from CPTEC/INPE (www.cptec.inpe.br).  

 
The heavy colored arrows in figure 3a 

approximately indicate the northwesterly mid-to-upper 
level circulation to the northeast of Catarina. This is 
seen in association with the dying cold front to the north 
and the westerlies further south (green arrows). The 
anomalous southeasterly circulation just to the south of 
the cyclone (blue arrow) and the 300 hPa divergence 
immediately above Catarina (red arrows) are also 
indicated. Most of the continental area to the west of 
Catarina was cloud free with cold, dry-stable conditions 
being reported in southern Brazil and warm and dry 
conditions in central/north Argentina.  

Figure 3b shows a collation of a quasi-
hemispheric photo given by the combination of the 
GOES and METEOSAT satellites when Catarina was 
very close to making landfall. This figure evidences the 
pronounced subsidence over most of South America 

between the tropical region and midlatitudes. That is 
unusual for the time of the year when the Intertropical 
Convergence Zone (ITCZ) is expected to be at its 
southernmost point (slightly to the south of the Equator) 
and to eventually interact with the SACZ (Waliser and 
Gautier, 1993). Figure 3b also suggests active 
baroclinicity over the Pacific sector and to the south of 
Africa, as opposed to the modest frontal activity 
restricted to the southern tip of South America due to 
the a persistent large scale blocking. 

 
3.2 South Atlantic Index 

 
A quantitative assessment of the interplay 

between the windshear at subtropical latitudes and the 
associated blocking high to the south is given by the SA 
index defined in section 2. Figure 4 shows the time 
series of the SAI for the satellite era period for all 
Marchs from 1979 to 2004, putting Catarina in climate 
perspective as shown by the arrow on the top left 
corner. As far as we are aware this indicator is the first 
ever quantitative measurement proposed to help 
diagnose transitioning cases in the SH (Pezza et al., 
2008).  

From figure 4 it is seen that with the current 
definition the SAI has positive values most of the time, 
with sporadic weak negative peaks occurring throughout 
the period. The predominantly positive nature of the 
index reflects the dynamic fact that positive geopotential 
anomalies at higher latitudes tend to be followed by 
small shear at lower latitudes on the synoptic time scale 
of up to 12 days later, this being the lag used for the 
calculation of the SAI. The absence of strong negative 
peaks in the index also suggests that negative 
geopotential anomalies are not usually accompanied by 
very strong shear at lower latitudes. This suggests that 
a more strong association between windshear in the 
subtropics and geopotential at higher latitudes is seen 
during periods of blocking.  

 
Figure 4: South Atlantic Index for all Marchs 

from 1979 to 2004. The unprecedented peak related to 
the first South Atlantic Hurricane ‘Catarina’ is indicated 
by the arrow. See text for details.    

 
The maximum value of the SAI occurred in 

March 2004 during the genesis and transition of 
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Catarina, indicative of the extreme unprecedented 
behaviour of the circulation associated with Catarina’s 
transition. This is a clear quantitative expression of how 
significant the environment leading to Catarina’s 
development was, and it further shows that changes in 
the large scale circulation have the potential to generate 
unprecedented behaviour in weather events, and in 
particular on cyclone transition events where windshear 
mechanisms play an important role. Although other 
intense SAI peaks were also observed particularly after 
the nineties, it was also observed that the peak 
associated with Catarina was very persistent (long-
lasting blocking conditions). Figure 4 also shows that 
there has been a slight positive trend in the SAI during 
the satellite era, but such trend is at present still modest 
and has no significant statistical meaning. A large scale 
mechanism potentially impacting this trend is the 
increasing positive polarity of the SAM, which could 
increase the likelihood of future cases of TT in the area 
as the SAI continues to increase (Pezza and Simmonds, 
2005). 

 
4. PARTIAL TRANSITION OF THE AUSTRALIAN 
‘DUCK’ CYCLONE (MARCH 2001)  

 
Australia experienced an unusual cyclone 

development in March 2001 which later became known 
as ‘Donald’ or ‘the duck case’, in a clear allusion to the 
fact that this hybrid system had many characteristics of 
a mature tropical cyclone (i.e., it looked like a ‘duck’, but 
was it a ‘duck’? - Callaghan, 2001; McCrone, 2002). 
Duck originated under apparent extratropical influences 
in an unusual way over the Tasman Sea, making 
landfall at relatively high latitude where TC occurrence 
is very rare or inexistent. This case has recently been 
revisited and compared to Catarina’s TT, and the recent 
findings bring new insights on transition mechanisms in 
the SH (Garde et al., 2009).   

Figure 5 shows (a) the satellite photo depicting 
the moment just prior to landfall (March 8th) and (b) the 
average SST between the 3rd and 8th of March with the 
full cyclone trajectory as given by the automatic tracking 
scheme. From figure 5a we see that Duck was a well 
developed cut-off-low resembling a weak North Atlantic 
hurricane, with a modest eye structure development. 
Most of the eastern half of Australia was cloud free 
indicative of upper level subsidence, with greater 
moisture content on the western half of the continent 
due to an earlier ‘landphoon’ development (a deep 
monsoonal cyclone developed inland, a phenomenon 
relatively unique to the Australia continent). A weak 
frontal-like structure is seen to the east, connecting 
Donald to the monsoon trough.  

Figure 5b shows the average SST during 
Duck’s lifecycle (3 to 8 March) with the corresponding 
trajectory given by the automatic tracking scheme. The 
track started well off the coast in the Tasman Sea and 
presented a somehow erratic westward progression 
towards the continent, making landfall just to the south 
of the city of Brisbane. The SST was well below the 
ideal hurricane threshold during most of the track, but a 
warm tongue was observed near the coast with 

temperature in the order of 26.5oC. The system was 
associated with extensive flooding and wind damage, 
with a mean wind speed of about 100 km/h being just 
under category 1 hurricane in the Saffir-Simpson scale 
(table 1). On the Australian classification Duck would 
have been classified as a category 2 TC, but given its 
hybrid origin it was classified as a subtropical low or 
eastern Australian low. Regardless of local 
classifications which are often subjective and region 
dependent, it is of scientific value that the system 
presented many similarities to the first South Atlantic 
hurricane and was diagnosed as a case of partial 
tropical transition (Garde et al., 2009). 

Figure 6 shows that the average windshear 
over Duck’s lifecycle presented negative anomalies of 
about -15 m/s over an area much larger than the vortex, 
with a similar pattern to the one observed during 
Catarina’s TT. A clear wave pattern with positive shear 
anomaly to the north and to the south depicts well the 
signature associated with a strong blocking pattern. As 
discussed earlier the mid-to-high latitude interplay 
arising from a persistent blocking pattern was pointed 
out as one of the main features associated with the 
exceptional transition of Catarina. The analysis of the 
Duck case suggests that large scale blocking structures 
connecting with higher latitudes can have a fundamental 
role on tropical cyclone transition occurrence over 
subtropical latitudes. In the case of Catarina a complete 
transition was observed, with the system achieving full 
properties of a NH hurricane, whereas for Duck it was 
observed that only partial tropical transition was 
obtained, with the system developing an upper level 
warm core on prior to landfall and remaining under 
category 1 hurricane.  As discussed for Catarina, it is 
also likely that changes in the large scale circulation 
related to the SAM which could potentially impact 
blocking occurrence will likely have an impact on the 
development of hybrid cyclones. 
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Figure 5: (a) Satellite photo of cyclone Duck on 
8th March 2001, and (b) average SST for 3-8th March 
together with the cyclone trajectory as given by the 
automatic tracking scheme. Adapted from Garde (2007). 

 
 
 

 

Figure 6: Average EVWS anomaly for 3–8th 
March 2001 showing the blocking pattern associated 
with cyclone Ducks partial transition. Adapted from 
Garde (2007). 

 
        

   
 

 
5. EXTRATROPICAL TRANSITION ASSOCIATED 
WITH COLD SURGES 

 
As our knowledge concerning different types of 

cyclones and anticyclones increase, it becomes 
apparent that those associated with cold events 
describe a well defined path covering a large area of 
usually half of a hemisphere (Pezza and Ambrizzi, 2005; 
Ashcroft et al., 2009). This is essentially related to the 
wave amplification mechanism that is typical of cold 
surges, indicating that cyclone and anticyclones 
participating in those tend to travel over more distant 
lengths and last longer. This has broader implications 
for the study of teleconnection effects, with interaction 
between different continents being possible. In a new 
compilation for extratropical Australia cold waves 
Ashcroft et al. (2009) show that a very persistent pattern 
can be tracked well into the western Indian Ocean and 
in rare cases all the way back to South America, with 
significant tropical/extratropical interaction along the 
way.   

 Figure 7a shows all cyclone tracks (red), 
anticyclone tracks (blue) and common areas crossed by 
cyclones and anticyclones (yellow) for the period JJA 
1973-1996 (SH winter). The paths show a pronounced 
cyclone activity around Antarctica, the Indian Ocean and 
tropical regions. Most of mid and high latitudes 
experience both cyclone and anticyclone occurrence, 
and the subtropics over the oceans are typically 
anticyclonic, the so called subtropical ridges.  Many of 
the cyclones depicted in this figure will undergo at least 
one type of transition during their lifecycles, and a 
significant percentage will be associated with extreme 
weather events such as cold surges. The typical 
percentage of those which undergo tropical and 
extratropical transition in the SH is still unknown. 

Figure 7 b shows the cyclones and 
anticyclones associated with extreme cases of cold 
surges in the southeastern side of South America during 
the period JJA 1973-1996, as measured by minimum 
temperatures under 2.5oC in Sao Paulo (Pezza and 
Ambrizzi, 2005). Compared with panel 14a it is clear 
that only a well defined propagation path can be 
associated with the outbreak phenomenon, with a clear 
separation keeping the cyclone activity in the poleward 
side. Panel 14c shows that the cold surge tracks 
affecting the eastern side of Australia (all year round 
from 1958 to 2001) are approximately complementary to 
the South American ones, keeping the same well 
defined structure and describing an approximate 180-
degree-shift. This suggests a very well defined wave 
propagation mechanism with a remarkably well 
structured hemispheric path associated with cold 
surges. Most of the cyclones associated with cold 
surges are very intense, and they tend to travel towards 
an increasingly higher latitude belt before dissipating. 
Some of them will transition to become ‘polar lows’ 
events as indicated in the earlier diagram discussed in 
figure 2, while a certain percentage will eventually 
change its initially cold core thermal structure 
throughout the life cycle.  
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Figure 7: Climatology of (a) all cyclone tracks 

(red), anticyclone tracks (blue) and areas of cyclones 
and anticyclones (yellow) for the JJA 1973-1996 period 
given by the NCEP reanalysis. Panel b shows only 
those cyclones and anticyclones associated with South 
American cold outbreaks for the same period, and panel 
c shows those associated with Melbourne cold surges 
for the period 1958-2001 (all year round). Panel b 
adapted from Pezza and Ambrizzi (2005) and panel c 
adapted from Ashcroft (2007). See text for further 
details.  

It can be seen from figure 7 c that although 
most of the cold-surge-related cyclones are extratropical 
originated, there is at least one visible track initiating in 
the tropics of the Coral Sea to the northeast of Australia. 
That particular cyclone first became a category 2 TC 
(Australian category; TC Nancy) and later underwent 
extratropical transition as it moved south (figure 8a), 
eventually becoming cold cored. This has been one of 
the first studied cases of an extratropical transition later 
becoming associated with a cold surge in the SH. Figure 
8a also shows the details for the anticyclone trajectory 
associated with the cold surge event. It is notable the 
exceptionally long anticyclone trajectory associated, 
which was tracked back to the South American region to 
the west of the Andes about 20 days earlier. The 
anticyclone first produced a minor cold event in South 
America before intensifying over the Indian Ocean and 
finally producing the cold surge in Australia in 
association with the extratropical transition of TC Nancy.  

The temperature anomalies associated with 
this cold surge are depicted in figure 8b, where the 
cyclone and anticyclone pressure dipole can be clearly 
seen as associated with the near-surface advection of 
cold air towards the equator. At that stage TC Nancy 
was starting to undergo ET, but it was still 
predominantly warm cored. The magnitude and 
extension of the negative temperature anomalies 
indicate that the cold wave propagated as far north as 
18oS in the central region of Australia, which is unusual 
for the summer period. Such an unusual combination of 
events as seen in the cold wave discussed above is just 
one of potential examples of the climate importance of 
transition mechanisms and their teleconnective effects 
in the SH. 
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Figure 8: (a) Anticyclone (blue) and 
extratropical transition of TC Nancy (red) tracks and (b) 
temperature anomalies and pressure field associated 
with a summer cold surge affecting Australia in 1990. 
Dates of tracks indicated in panel a, and panel b 
corresponding to analysis of 1 Feb 1990. Adapted from 
Ashcroft (2007).  
 
 
 
4. CONCLUSION 

 

In this paper we have discussed the 
importance of cyclone transition from a climatic view 
point. It has been increasingly recognized in the 
literature that transition mechanisms are often 
accompanied by intense energy exchanges and 
extreme weather conditions including hurricane-force 
winds, storm surges, continental polar outbreaks and 
others. A number of recent efforts have been made to 
better quantify and understand the processes 
associated with hurricane formation and the potential 
impacts of climate change. While that is a topic of much 
controversy, surprisingly little research has been 
dedicated to hybrid systems and their complex dynamic 
of transition.  

The recent WMO statement on tropical 
cyclones and climate change (http://www.wmo.ch) 
states that ‘no individual tropical cyclone can be directly 
attributed to climate change’, but the study of transition 
mechanisms suggests that the large scale circulation 
can help diagnose and predict areas of potential 
changes in storm patterns. This is in agreement with 
recent circulation changes observed throughout the 
globe concurrent with the fact that storms are being 
observed over the so-called ‘hurricane-free’ areas. 
These occurrences are consistent with the view that 
large scale changes in the circulation that may be 
associated with climate change, and particularly its 
manifestations in the SA, can make an environment 
more or less conducive to severe storm development 
via transitioning processes. 

Changes in large scale patterns can be 
important to transition mechanisms especially in regions 
where conventional wisdom (based on past 
observations of the climatological environment) had 
suggested they should not appear. At present there is 
no climatology of hybrid and transitioning systems in the 
SA, and their behavior is still poorly understood in the 
SH. Future studies addressing those patterns in more 
detail are much needed to a better understanding of the 
dynamic interplay between several different types of 
cyclones and their energy balance. With increasing 
international concern for global warming, human-
induced climate change and natural climate variability, 
new insights arising from research on the large scale 
mechanisms behind cyclone transition will bring 
significant benefits.    
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