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1 Background  

During the 1950s, tropical cyclones (TCs) and extratropical cyclones (ECs) were 

generally regarded as mutually exclusive groups, with distinct life cycles (Hart 2003).  

TCs (ECs) are typically warm-core (cold-core), non-frontal (frontal) systems driven by 

convective (baroclinic) processes (Bevan 1997; Hart 2003).  Subsequent studies arising 

through the development of satellite (e.g. Evans et al. 1994), aircraft (e.g. Simpson & 

Pelissie 1971) and maritime observations (e.g. Rogers & Bosart 1986)  identified systems 

with structures neither typical of a TC nor an EC, acknowledging the potential for, and 

requirement of further research into, such ‘hybrid’ cyclone systems (Simpson & Pelissie 

1971; Speigler 1971).  The Bevan (1997) phase diagram (Figure 1.1) reflects the current 

understanding that the cyclone phase space comprises a broad continuum, with no 

physical constraints preventing transitioning types or hybrid characteristics (Bevan 1997; 

Hart 2003; Pezza & Simmonds 2008, hereafter PS08).  This diagram was the precursor to 

the idea of cyclone transition, with a majority of cyclones observed within the interior of 

this continuum (Bevan 1997; Reale & Atlas 2001; Hart 2003; Hart et al. 2006).   

The fundamental dynamic and thermodynamic transformation of a baroclinic, cold-core 

system to a warm-core TC is referred to as tropical transition (TT), whilst the reverse is 

extratropical transition (ET) (Hart 2003; Davis & Bosart 2004).  Such transition events 

provide an effective link between extremes of the cyclone spectrum (Figure 1.1).  These 

transition processes and other hybrid systems, such as bombs (central pressure falls > 24 

hPa in 24 hours, relative to 60 degrees of latitude; refer section 1.2) and polar lows, are 

observed in both hemispheres (Figure 1.2).  However, it should be noted that Figure 1.2 

does not fully characterise the entirety of the cyclone continuum.  The sole depiction of 

TC tracks in Figure 1.2 is only representative of one portion of the cyclone spectrum, 

whilst the labelling of transitioning and other hybrid systems is purely qualitative.  A 

fuller partial distribution is exemplified by the greater occurrence of both transitioning 

systems within the Tasman Sea (Sinclair 2004; Figure 1.3) and bomb events across the 

Southern Hemisphere (SH) (Lim & Simmonds 2002, hereafter LS02; Figure 1.4). 
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Figure 1.1.  Schematic diagram of different types of cyclones, indicating tropical and 

extratropical transition (red), and the hypothesised representation of a July 2008 Tasman 

case of interest (blue; refer section 1.6).  Adapted from Bevan (1997), PS08. 

 

 

Figure 1.2.  World map with the climatological occurrence of tropical cyclones (TCs), 

transitioning, and hybrid cyclones and their regional names.  Abbreviations: ET, 

extratropical transition; TT, tropical transition.  Tracks depict TCs (1979-1988) identified 

from neighbouring meteorological services’ TC databases.  Adapted from Neumann 

(1993), PS08.  
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Figure 1.3.  Tracks of tropical cyclones in the southwest Pacific (1970-1997), identifying 

the location of extratropical transition onset (heavy dot).  Data from a New Zealand 

Meteorological Service archive.   Adapted from Sinclair (2004). 

 

 

Figure 1.4.  Mean SH explosive cyclone density in a) DJF and b) JJA, compiled from 

NCEP-2 reanalysis data (1979-1999).  Contour interval 1x10-5 explosive cyclones (olat)-2. 

Adapted from LS02. 
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Transition events and explosively developing systems are of concern to Australia and 

New Zealand (NZ), as general features associated with these systems include destructive 

winds, flood rains and coastal storm surges.  Notable previous events in the region have 

resulted in extensive damage (e.g. Sinclair 1993; Brenstrum 1997; Hopkins & Holland 

1997; Leslie & Speer 1998; Garde et al. 2009) and the loss of life (e.g. Hill 1970; 

Buckley & Leslie 2000), whilst a recent hybrid system (19-20th April 2009; Figure 1.5) 

resulted in 252 mm of rain and wind gusts of 146 km h-1 at Lord Howe Island (Bureau of 

Meteorology 2009a).  The importance of such events enforces the recommendations for 

better understanding of the physical processes behind cyclone transition (Sinclair 2002; 

PS08; Garde et al. 2009) and meteorological bombs (Buckley & Leslie 2000; Leslie et al. 

2005) in the southwest Pacific region. 

 

 

Figure 1.5. Mid-upper level (600-100hPa) water vapour and infrared winds (00UTC 19 

April 2009) associated with the hybrid system that passed over Lord Howe Island.  

Cyclonic rotation of winds about the centre of the system is identified, whilst a 

convective area exists south-east of the centre.  Captured by the MTSAT-1R satellite. 

Source:  Cooperative Institute for Meteorological Satellite Studies (2009).  
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1.1 Extratropical and Tropical Transition  

In comparison to the effort devoted to TC and ECs, ET has only recently started to 

receive attention (e.g. Harr & Elsberry 2000; Harr et al. 2000; Sinclair 2002, 2004; and 

others) and continues to be poorly forecast (Browning et al. 1998; McTaggart-Cowan et 

al. 2001; Ma et al. 2003).  Hart et al. (2006) demonstrated that the nature of ET evolution 

and intensity change is sensitive to the temporal and spatial scales of interaction between 

a trough and the original TC, whilst sea surface temperature (SST) is important only until 

transition is completed.  Sinclair (2004) noted that ET onset in the SH (Northern 

Hemisphere; NH) commences around 23o-25oS (35o-45oN), with minimal (marked) 

seasonal variation.  Within the southwest Pacific, Sinclair (2002) identified that, on 

average, extratropical transitioning storms to the west (east) of NZ move south 

(southeast), occur earlier (later) in the season and retain greater (lower) intensities.   

Recent advancements emphasising TT mechanisms in the SH are exemplified by the 

events of hurricane Catarina (Pezza & Simmonds 2005) and the ‘2001 Australian Duck’ 

(Garde et al. 2009).  Hurricane Catarina, the first-ever reported hurricane in the South 

Atlantic, initiated as an EC in a frontal system and underwent TT to achieve full 

properties of a hurricane (Pezza & Simmonds 2005).  The ‘Australian Duck’ was 

regarded as a hybrid cyclone, achieving partial TT in an area where such development is 

rare (Garde et al. 2009). It is apparent that further research is required to better 

understand the behaviour of hybrid and transitioning systems in the SH.  As exemplified 

by the aforementioned case studies, such insight may be achieved by examining features 

of the atmospheric circulation, such as relative vorticity, environmental vertical wind 

shear (EVWS) and SSTs. 

 
1.2 Explosive Development (Bombs) 

Explosive cyclogenesis, described as a ‘predominantly maritime, cold-season event, often 

with hurricane-like features in the wind and cloud fields’(Sanders & Gyakum 1980, 

hereafter SG80), has been investigated from the early twentieth century (Bjerknes 1919; 

Bjerknes & Solberg 1922; Sutcliffe 1939, 1947).   A rapidly deepening extratropical low, 

as characterised by Tor Bergeron, is one on which the central pressure (P) at sea level 

falls at the rate of at least 24 hPa in 24 h at 60oN.  The landmark study by SG80 defined a 
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geostrophically equivalent normalised pressure deepening rate (NDR), expressed in 

Bergerons, for an arbitrary latitude � .   

|)sin(|
)60sin(

 24 F
´

D
=

hours
P

NDR  

Bombs are defined when NDR exceeds unity.  Accordingly, Sanders (1986) categorised 

bomb events by the criteria in Table 1.1. 

 

Bomb Classification Bergeron Range 

Weak 1.0 - 1.2 

Moderate 1.3 – 1.8 

Strong > 1.8 

Table 1.1.  Classification of explosive cyclones as a function of Bergeron 

units. Adapted from Sanders (1986). 

 

Following the concerns of Sinclair (1995, 1997) regarding the inference of cyclogenesis 

from pressure deepening rates, LS02 introduced the concept of ‘relative’ central pressure 

(� Pr; e.g. Simmonds & Wu 1993) to give the relative NDR.  This definition, taking into 

consideration the spatial changes of climatological pressure along the cyclone path, was 

concluded to be most appropriate for use in the SH due to the strong meridional 

climatological pressure gradients there (LS02, supported by findings of Sinclair 1995).  

There have been a number of studies conducted to investigate the mechanisms triggering 

explosive development.  The maximum frequency of bombs in the NH have been 

observed in the vicinity of the warm currents of the Gulf Stream (North Atlantic Ocean) 

and Kuroshio (North Pacific Ocean) (SG80, Roebber 1984, Chen et al. 1992, LS02), 

suggesting that baroclinicity and (weak) static stability are important factors in initiating 

explosive development.  The bomb system density distribution of LS02, supported by 

similar Eady growth rate distributions of Berbery & Vera (1996), also suggests that 

baroclinicity plays an important role in SH explosive occurrences, despite the reduced 

land-sea temperature contrasts of the SH (Revell & Ridley 1995).   
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In addition to baroclinicity, experiments have associated rapid cyclogenesis with strong 

sensible and latent heat exchange between the relatively warm sea surface and cooler air 

aloft (Winston 1955; Roebber 1989; Rogers & Bosart 1991; Kuo et al. 1995; Revell & 

Ridley 1995; Giordani & Caniaux 2001).  These fluxes, enhanced by greater air-sea 

temperature contrast, play an important role in the moistening and destabilization of the 

cyclone environment.  Upper-level processes have also been identified as contributing to 

intensification, including the positioning of troughs (SG80, Rogers & Bosart 1991), 

thickness anomalies (Sanders & Davis 1988), upper-level divergence (Sanders 1986; 

Manobianco 1989; Wash et al. 1992), cyclonic-vorticity advection (Lupo et al. 1992) and 

organised convective processes (Gyakum 1983a,b).  The aforementioned thermodynamic 

and dynamic mechanisms are various and complex, contributing in constructive and 

nonlinear ways to explosive cyclogenesis.   However, the occurrence and importance of 

such processes could vary considerably for individual explosive events. 

LS02 used NCEP-2 reanalysis data to assemble a compilation of SH bombs over a 21-

year (1979-1999) period.  On average, around 26 bombs occur each year in the SH, 

whilst about twice as many appear in the NH.  Bombs are predominant during winter in 

both hemispheres, although the degree of seasonality is much less in the SH.   Mean SH 

bomb densities for the summer and winter months, as determined by LS02, are shown in 

Figure 1.4.  Whilst the number of summer bomb events is modest (Figure 1.4a), notable 

events have occurred (e.g. Buckley & Leslie 2000).  During the winter months (Figure 

1.4b), maximum bomb densities are found to the south of Australia (45o-60oS, 90oE-180o) 

and in the western Pacific Ocean near 30oS, whilst coastal southeastern Australia and the 

Tasman Sea also host many explosive developments.  A 15-year (1990-2004) 

climatology of bombs developing in the south-eastern Tasman Sea (Leslie et al. 2005) 

revealed that they are a recurrent event in that region, with most events occurring in June-

July.   

Whilst there has been a large amount of research exploring the mechanisms triggering 

explosive cyclogenesis, the focus has been predominantly on NH events.  Often these 

explosive systems are poorly forecast (e.g. Buckley & Leslie 2000), hence there exists the 

requirement for further understanding of these systems to enable improved planning and 

community preparedness.   
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1.3 East-Coast Lows 

Australian east-coast cyclones (or lows; ECLs) are characterised by closed cyclonic 

circulation at the surface, form and remain between 20o-40oS in the maritime 

environment within 5o of the eastern coastline, exhibit some motion parallel to the coast, 

and have a near-center pressure gradient of at least 4 hPa oC-1 (Leslie & Speer 1998).  

ECLs preferentially form during winter (Hopkins & Holland 1997), with the main 

synoptic precursor being a trough (or ‘dip’) in the easterly wind regime over Australia, 

and are warm-cored in the lower troposphere (Holland et al. 1987).  Large-scale moist 

baroclinic processes initiate development of a weak synoptic-scale cyclone, whilst small-

scale physical processes (cumulus convection, surface fluxes and topography) are 

required for the subsequent development of the intense mesoscale system (Leslie et al. 

1987).  Holland et al. (1987) identified 3 types of ECLs, with type-2 ECLs often 

satisfying ‘bomb’ criteria and being associated with sustained strong winds and flood 

rainfall.  Given that ECLs have structures neither typical of a TC nor an EC, they may be 

considered as hybrid systems.   

 

1.4 Atmospheric Blocking  

Blocking events typically occur when the main westerly airstream becomes distorted, 

resulting in a long-lived surface anticyclone blocking the usual flow of transient 

disturbances into the region.  Blocking events often facilitate the transitioning of various 

cyclone systems.  Consideration of the energetics associated with hurricane Catarina 

(Veiga et al. 2008) revealed the importance of blocking on this event.  Analysis revealed 

that the environment became favourable for barotropic eddy growth during Catarina’s 

maturation, possibly due to eddy flux convergence triggered by the blocking system.  The 

blocking event also resulted in the reduction of environmental shear, facilitating the 

completion of Catarina’s TT when the environment was predominantly barotropic.  On 

the 25th December 1998, a blocking high centered near the south island of NZ and a low 

pressure system centered near Lord Howe Island established a strong moist northeasterly 

surface airflow over the Tasman Sea, which is thought to have contributed to the 

explosive development of the ‘Boxing-day’ storm (Buckley & Leslie 2000).  ECLs have 

also been associated with general blocking conditions (Coughlan 1983).  Given that the 

NZ sector has been identified as the primary location for blocking in the SH (Trenberth & 
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Mo 1985), the influence of blocking events should not be neglected.  When the 

occurrence of explosive and transitioning events are related to atmospheric circulation 

indices, the potential influence of blocking events should also be taken into consideration, 

given that blocking events have themselves been identified as being responsive to the 

phase of some indices. 

 

1.5 Atmospheric Circulation Indices 

1.5.1 SAM 

The Southern Annular Mode (SAM) is associated with synchronous pressure or height 

anomalies of opposite sign in mid- and high-latitudes, and is the principal mode of 

variability of the atmospheric circulation in the SH extratropics (Trenberth et al. 2007 

and references therein).  Over the last two or three decades, the significant decreases in 

cyclone numbers, and increases in mean cyclone radius and depth over the southern 

extratropics (Simmonds & Keay 2000; Keable et al. 2002; Simmonds 2003; Simmonds et 

al. 2003) have been associated with the observed trend in the SAM (Trenberth et al. 

2007).  The transition of hurricane Catarina is believed to have been associated with 

changes in the large-scale circulation related to increases in the positive polarity of the 

SAM (Pezza & Simmonds 2005), and it has been speculated that such changes will 

impact the development of hybrid cyclones on the Australian coast (PS08).  

1.5.2 ENSO / PDO 

El Niño-Southern Oscillation (ENSO) events are a coupled ocean-atmosphere 

phenomena, with negative (positive) values of the Southern Oscillation Index (SOI) 

representing El Niño (La Niña) conditions.  Sinclair (1997) documented links between 

ENSO and weather system tracks, with approximately 10%-20% fewer cyclones across 

the subtropical Indian Ocean, Australasia and the southwest Pacific during El Niño 

winters, whilst patterns almost exactly reversed during La Niñas.  During El Niño (La 

Niña) conditions in the southwest Pacific, ET occurs between 160oW-130oW (confined 

west of 170oW) with faster (slower) and more zonal (meridional) motion (Sinclair 2002).  

Hopkins & Holland (1997) identified a strong tendency for ECLs to occur after El Niño 

years and in particular between large swings of negative to positive SOI values. The 

phase of ENSO has also been related to TC activity in Australia (Nicholls 1984; Hastings 



Tasman cyclone transition and bombs  M.Black 268250 
�

�������	��
�

1990), blocking anticyclones (Sinclair 1997) and SH midlatitude storm tracks (Ashok et 

al. 2007). 

The Pacific Decadal Oscillation (PDO) describes ENSO-like decadal patterns of 

variability in low tropospheric fields and SSTs.  Pezza et al. (2007) observed more 

intense (and fewer) cyclones and anticyclones when the PDO was strongly positive, and 

vice versa when the PDO was strongly negative, for most of the mid and high latitudes.  

However, such patterns were not seen in all regions, with the Tasman Sea hosting more 

(less), stronger (weaker) cyclones during the negative (positive) PDO phase.  In the case 

of positive PDO, a blocking pattern over the Tasman Sea was identified with above-

normal anticyclone intensity.  Given that the PDO has been negative since September 

2007 (Mantua 2009), the above findings would suggest more, stronger cyclones within 

the Tasman Sea, but clearly the natural seasonal and interannual variability is also very 

pronounced in these areas. 

1.5.3 IOD 

The Indian Ocean dipole (IOD) is a coupled atmosphere-ocean phenomena, occurring in 

the Indian Ocean (IO) in the form of an east-west dipole in SST anomalies.  The mode 

index (IODMI) is defined as the difference in SST anomalies between the tropical 

western and tropical southeastern IO.  Positive IODMI is associated with warm and cold 

SST anomalies in the respective regions, whilst the reverse holds for negative IODMI 

(Saji et al. 1999).  The IOD influences the climate of many SH regions, including 

Australia, with recognised rainfall (e.g. Ashok et al. 2003) and surface air temperature 

(e.g. Saji et al. 2005) impacts.  Positive IODMI events have been observed to correspond 

to a weakening of the westerlies and storm-track activity over southern Australia and 

portions of NZ (Ashok et al. 2007). 

 

1.6 Background on potential case studies: Auckland ‘bombs’ 

On the 24th July 2008 an exceptional cyclonic system formed off the Queensland 

coastline, with ensuing motion towards NZ.  This system had an observed 24 h pressure 

drop (00UTC 25 July – 00UTC 26 July) of 28hPa averaged at 30oS (NDR = 2.0 

Bergerons), being twice that required to satisfy the bomb criteria of SG80 (McDavitt 

2008).  Accordingly, this system would be classified as a ‘strong’ bomb (Table 1.1).  
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With record low pressures and wind gusts as strong as 130-160 km h-1, the system hit 

Auckland as one of the most severe storms in decades, causing surface flooding, power 

outages, blizzard conditions and two maritime fatalities (McDavitt 2008).  This storm 

was followed by a second case in a matter of days, giving little chance for NZ to recover.  

These events rate as the 18th and 11th most costly natural disaster in NZ since 1968, 

respectively, with a combined cost of $73M (Insurance Council of New Zealand 2009). 

An overview of the systems is provided by analysis charts and corresponding visible 

satellite images (Figure 1.6).  The development (00UTC 24 July; 20oS), rapid deepening 

(00UTC 25 July – 00UTC 26 July) and ensuing southeast motion of the first system is 

observed.  The second system initially appeared in the presence of a trough (00UTC 28 

July; 30oS), rapidly deepened (00UTC 29 July – 00UTC 30 July), and remained in the 

vicinity of NZ for a number of days.   A preliminary identification of the systems was 

obtained from NCEP-2 reanalysis data using the Melbourne University Tracking Scheme 

(Figure 1.7).  The first system, as analysed and forecast by the UK Meteorological Office 

model, is depicted in the phase diagrams of Figure 1.8.  Whilst these diagrams are 

explained in detail by Hart (2003), they can be simply interpreted as describing the 

cyclone’s lower-tropospheric thermal asymmetry (parameter B), and the lower- and 

upper-tropospheric thermal wind (VT
L and VT

U, respectfully; indicative of core 

temperature).  Figure 1.8 suggests that the system originated as a frontal, cold-cored 

structure (point A) similar to an EC, gradually developing into a non-frontal structure 

with a warm core at lower levels (point Z) similar to an ECL.  Accordingly, this system 

was approximated on the cyclone spectrum of Figure 1.1.  Initial consideration of the 

thermal structure suggests that the system may have experienced partial TT, whilst 

another possibility is that it experienced warm-seclusion (development of a secluded 

region of warm air near the center).    



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

 
 

 

 

 

�������������������� �
����������	����������

���������� 	 ��������� �
����������
����������

���������� 
 ��������� �
����������� ��������� �

��������������� !� ��" �

� ��

� �
�

� ��



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

 

 

 

���� ������� ��������� �
���������������������

���� ������� � �������� �
���������������������

���� ������� ��������� �
����������� ��������� �

��������������� !� ��" �

� ��

� ��

� ��



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

 

 

 

Figure 1.6.  Consecutive 00UTC analysis charts (24 July - 31 July, 2008) (Bureau of 

Meteorology 2009b) and associated visible satellite images (National Climate Data 

Center 2009) indicating the presence of the Auckland ‘bombs’.  Satellite images: 

Approximate location of first (second) system indicated by L1 (L2).  
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Figure 1.7.  Preliminary identification of the ‘Auckland bombs’ obtained from NCEP-2 

Reanalysis data using the Melbourne University Tracking Scheme.  Locations of the first 

system (00UTC 24 July [A] – 00UTC 30 July [B], 2008; blue track) and the second 

system (00UTC 28 July [C] – 00UTC 03 Aug [D], 2008; green track) are shown at 

consecutive 6 hr intervals. 
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Figure 1.8.  Phase diagrams of the first ‘Auckland bomb’ system, as analysed (A-C; 

06UTC 23/07/08 – 06 UTC 27/07/08) and forecast (C-Z; 06UTC 26/07/08 – 06UTC 

29/07/08) by the UK Meteorological Office model.  a) System symmetry (vertical axis) 

and lower-level core temperature (horizontal axis). b) Upper- and lower- level core 

temperature (vertical and horizontal axis, respectively).  Source:  Hart & Evans (2009). 

� �
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2 Aims 

This project seeks to identify the atmospheric features contributing to the development, 

and subsequent rapid intensification, of the two aforementioned cyclonic systems.   A 

high-resolution numerical model will be used to examine the systems in detail, and to 

investigate the ability of available operational models to forecast such events:  How well 

were these systems forecast, and can any factors limiting such forecasts be identified?  

Connections between these exceptional systems and indices of the large-scale circulation 

of the Australian region will be explored, with comparisons made to the circulation and 

ocean patterns of previous winters.  The systems will be placed in a climatological 

perspective: How rare are these events?  Was there anything exceptional with the 2008 

winter that allowed these storms to form, and can we say that such intense storms are 

becoming more frequent with climate change? 

 

3 Significance and Innovation 

The proposed project has the potential to strengthen or contribute new understandings of 

explosive development and transitioning systems within the SH, reducing the disparity of 

such knowledge between the two hemispheres.  The use of a cyclone tracking scheme 

will place the case systems within a robust climatological perspective, enabling an 

accurate compilation of basic statistics relating to such events, as well as providing a 

means to explore their relationship with indices of the large-scale circulation.  The 

identification of atmospheric features that are important, or conversely seemingly 

unimportant, to the development of these systems may provide insight into which features 

should be considered in the forecasting of such events, with advancements facilitating 

improved planning and community preparedness.  

 

4 Approach 

The Auckland ‘bombs’ will be studied in detail using available satellite and surface 

observations, together with high-resolution numerical model data provided by the 

Meteorological Service of New Zealand Limited. The model configuration will be 

Weather Research and Forecasting (WRF), set over a limited area around NZ with 12 km 
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resolution, and initialised off the Global Forecast System (GFS).  Model runs, initialised 

each day throughout the systems’ lifecycles and forecasting up to +48 h, will be used to 

resolve structural details of these systems.  Variables such as SSTs, relative vorticity and 

EVWS will be considered, particularly during the transition and rapid development 

stages.  

The Melbourne University Tracking Scheme (Simmonds & Murray 1999; Simmonds et 

al. 1999) will be used to find and track the Auckland ‘bombs’ and put them in 

climatological perspective. JRA-25 and NCEP-2 reanalysis data will be used, from 1979 

(advent of the satellite era) to present, providing the large scale circulation and 

climatology associated.  The tracking scheme will be used (with relative NDR bomb 

criteria) to explore previous explosive events in the Tasman region, enabling the 

compilation of basic statistics relating to the frequency and distribution of such 

exceptional events. Consideration will be made for connections between the case systems 

and indices of the large scale circulation, such as the SAM, ENSO, PDO and IOD, with 

acquired knowledge applied to relevant literature to predict the frequency of future events 

given a changing climate. 

If time permits, a quantitative investigation into aspects of the energetics of the case 

systems will be attempted, using a methodology similar to Veiga et al. (2008).  This 

method involves the partitioning of both the atmospheric available potential energy and 

kinetic energy into zonal and eddy components.  The energy cycle considers the 

generation, dissipation and conversion of the various energy forms, and can convey key 

information as to the environmental forcing mechanisms on the systems.  Such 

consideration of the environmental energetics for hurricane Catarina (Veiga et al. 2008) 

enabled an advancement in the understanding of this rare event, suggesting that the 

technique has a great potential to study transitioning systems in general. 

 

5 Conclusion 
 

Recent advancements in the scientific literature have identified that the cyclone phase 

space comprises a broad continuum, with the potential for systems to transform or have 

hybrid characteristics.  Transition events and explosively developing systems are of 

concern to Australia and NZ, as they often result in severe damage and the loss of life.  

To address the requirement for a better understanding of these processes within the 
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southwest Pacific, two recent exceptional cases will be explored.  A detailed investigation 

of these systems and their association with the large-scale atmospheric circulation will 

provide further insight to such events, allowing speculations to be made on their future 

frequency given a warming climate.  

 

6 References 

Ashok K., Guan Z. Y. & Yamagata T. 2003. Influence of the Indian Ocean Dipole on the 

Australian winter rainfall. Geophysical Research Letters 30, 1821. 

Ashok K., Nakamura H. & Yamagata T. 2007. Impacts of ENSO and Indian Ocean 

dipole events on the southern hemisphere storm-track activity during Austral 

winter. Journal of Climate 20, 3147-3163. 

Berbery E. H. & Vera C. S. 1996. Characteristics of the Southern Hemisphere winter 

storm track with filtered and unfiltered data. Journal of the Atmospheric Sciences 

53, 468-481. 

Bevan J. 1997.  A study of three ‘hybrid’ storms.  In:  22nd Conference on Hurricanes 

and Tropical Meteorology.  American Meteorological Society, pp. 645-646. 

Bjerknes J. 1919. On the structure of moving cyclones. Geofys. Publ. 1, 1-8. 

Bjerknes J. & Solberg H. 1922. Life cycle of cyclones and the polar front theory of 

atmospheric circulation. Geofys. Publ. 3, 1–18. 

Brenstrum E. 1997. The ghost of cyclones past: Drena, Fergus and the Cyclone of ’36. 

New Zealand Geographic 33. 

Browning K. A., Vaughan G. & Panagi P. 1998. Analysis of an extratropical cyclone 

after its reintensification as a warm core extratropical cyclone. Quarterly Journal 

of the Royal Meteorological Society 124, 2329-2356. 

Buckley B. W. & Leslie L. M. 2000. The Australian Boxing Day storm of 1998 - 

Synoptic description and numerical simulations. Weather and Forecasting 15, 

543-558. 

Bureau of Meteorology. 2009a. Lord Howe Island April 2009 Daily Weather 

Observations. Bureau of Meteorology, accessed 22 April 2009, 

 <http://www.bom.gov.au/nmoc/MSL/index.shtml> 

Bureau of Meteorology. 2009b. Analysis Chart Archive. Bureau of Meteorology, 

accessed 31 March 2009, <http://www.bom.gov.au/nmoc/MSL/index.shtml> 



Tasman cyclone transition and bombs  M.Black 268250 
�

�������	��
�

Chen S. J., Kuo Y. H. & Zhang P. Z. 1992. Climatology of explosive cyclones off the 

east Asian coast. Monthly Weather Review 120, 3029-3035. 

Cooperative Institute for Meteorological Satellite Studies.  2009. Australia Region 

MTSAT Satellite Derived Winds and Analyses. Cooperative Institute for 

Meteorological Satellite Studies, accessed 20 April 2009, 

<http://cimss.ssec.wisc.edu/tropic/real-time/shemi/winds/winds.html> 

Coughlan M. J. 1983. A comparative climatology of blocking action in the two 

hemispheres. Australian Meteorological Magazine 31, 3-13. 

Davis C. A. & Bosart L. F. 2004. The TT problem - Forecasting the tropical transition of 

cyclones. Bulletin of the American Meteorological Society 85, 1657-1662. 

Evans M. S., Keyser D., Bosart L. F. & Lackmann G. M. 1994. A satellite-derived 

classification scheme for rapid maritime cyclogenesis. Monthly Weather Review 

122, 1381-1461. 

Garde L., Pezza A.B & Bye J.A.T. 2009. Tropical Transition of the 2001 Australian 

Duck.  Submitted to Monthly Weather Review. 

Giordani H. & Caniaux G. 2001. Sensitivity of cyclogenesis to sea surface temperature in 

the northwestern Atlantic. Monthly Weather Review 129, 1273-1295. 

Gyakum J. R. 1983a. On the evolution of the QE-II storm .1. Synoptic aspects. Monthly 

Weather Review 111, 1137-1155. 

Gyakum J. R. 1983b. On the evolution of the QE-II storm .2. Dynamic and 

thermodynamic structure. Monthly Weather Review 111, 1156-1173. 

Harr P. A. & Elsberry R. L. 2000. Extratropical transition of tropical cyclones over the 

western north pacific. Part I: Evolution of structural characteristics during the 

transition process. Monthly Weather Review 128, 2613-2633. 

Harr P. A., Elsberry R. L. & Hogan T. F. 2000. Extratropical transition of tropical 

cyclones over the western North Pacific. Part II: The impact of midlatitude 

circulation characteristics. Monthly Weather Review 128, 2634-2653. 

Hart R. E. 2003. A cyclone phase space derived from thermal wind and thermal 

asymmetry. Monthly Weather Review 131, 585-616. 

Hart R. E. & Evans J. L. 2001. A climatology of the extratropical transition of Atlantic 

tropical cyclones. Journal of Climate 14, 546-564. 

Hart R.E & Evans J. L. 2009. Cyclone phase evolution: Analyses & Forecasts Florida 

State University, accessed 27 July 2008, <http://moe.met.fsu.edu/cyclonephase> 



Tasman cyclone transition and bombs  M.Black 268250 
�

�������
��
�

Hart R. E., Evans J. L. & Evans C. 2006. Synoptic composites of the extratropical 

transition life cycle of north Atlantic tropical cyclones: Factors determining 

posttransition evolution. Monthly Weather Review 134, 553-578. 

Hastings P. A. 1990. Southern Oscillation influences on tropical cyclone activity in the 

Australian south-west Pacific region. International Journal of Climatology 10, 

291-298. 

Hill H. W. 1970. The precipitation in New Zealand associated with the cyclone of early 

April 1968. New Zealand Journal of  Science 13, 641-662. 

Holland G. J., Lynch A. H. & Leslie L. M. 1987. Australian east-coast cyclones .1. 

Synoptic overview and case-study. Monthly Weather Review 115, 3024-3036. 

Hopkins L. C. & Holland G. J. 1997. Australian heavy-rain days and associated east coast 

cyclones: 1958-92. Journal of Climate 10, 621-635. 

Insurance Council of New Zealand. 2009. The cost of disaster events. Insurance Council 

of New Zealand, accessed 31 March 2009, 

<http://www.icnz.org.nz/current/weather/index.php?sort=costd> 

Keable M., Simmonds I. & Keay K. 2002. Distribution and temporal variability of 500 

hPa cyclone characteristics in the Southern Hemisphere. International Journal of 

Climatology 22, 131-150. 

Kuo Y. H., Gyakum J. R. & Guo Z. T. 1995. A case of rapid continental mesoscale 

cyclogenesis .1. Model sensitivity experiments. Monthly Weather Review 123, 

970-997. 

Leslie L. M., Holland G. J. & Lynch A. H. 1987. Australian east-coast cyclones .2. 

Numerical modeling study. Monthly Weather Review 115, 3037-3053. 

Leslie L. M., Leplastrier M., Buckley B. W. & Qi L. 2005. Climatology of 

meteorological "bombs" in the New Zealand region. Meteorology and 

Atmospheric Physics 89, 207-214. 

Leslie L. M. & Speer M. S. 1998. Short-range ensemble forecasting of explosive 

Australian east coast cyclogenesis. Weather and Forecasting 13, 822-832. 

Lim E. P. & Simmonds I. 2002. Explosive cyclone development in the Southern 

Hemisphere and a comparison with Northern Hemisphere events. Monthly 

Weather Review 130, 2188-2209. 

Lupo A. R., Smith P. J. & Zwack P. 1992. A diagnosis of the explosive development of 2 

extratropical cyclones. Monthly Weather Review 120, 1490-1523. 



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

Ma S., Ritchie H., Gyakum J., Abraham J., Fogarty C. & McTaggart-Cowan R. 2003. A 

study of the extratropical reintensification of former Hurricane Earl using 

Canadian Meteorological Centre regional analyses and ensemble forecasts. 

Monthly Weather Review 131, 1342-1359. 

Manobianco J. 1989. Explosive east coast cyclogenesis over the west-central north-

Atlantic ocean - a composite study derived from ECMWF operational analyses. 

Monthly Weather Review 117, 2365-2383. 

Mantua, N. 2009. PDO Index. Joint Institute for the Study of the Atmosphere and Ocean, 

accessed 31 March 2009 <http://jisao.washington.edu/pdo/PDO.latest> 

McDavitt, B. 2008. No Ordinary Storm. New Zealand MetService, accessed 31 March 

2009, <http://www.metservice.com/public/learning/2008-august.html> 

McTaggart-Cowan R., Gyakum J. R. & Yau M. K. 2001. Sensitivity testing of ETs using 

potential vorticity inversions to modify initial conditions: Hurricane Earl case 

study. Monthly Weather Review 129, 1617-1636. 

National Climate Data Center. 2009. GIBBS: Global ISCCP B1 Browse System. National 

Climate Data Center, accessed 31 March 2009,  

<http://www.ncdc.noaa.gov/gibbs/> 

Neumann C. 1993. Global Overview. Global Guide to Tropical Cyclone Forecasting. 

WMO/TD-560, World Meteorological Organisation, Geneva. 

Nicholls N. 1984. The Southern Oscillation, sea-surface-temperature, and interannual 

fluctuations in Australian tropical cyclone activity. Journal of Climatology 4, 661-

670. 

Pezza A. B. & Simmonds I. 2005. The first South Atlantic hurricane: Unprecedented 

blocking, low shear and climate change. Geophysical Research Letters 32. 

Pezza A. B. & Simmonds I. 2008.  Large-scale Factors in Tropical. and Extratropical 

Cyclone Transition and Extreme Weather Events.  In: Trends and Directions in 

Climate Research.  New York Academy of Sciences, New York.  pp. 189-211. 

Pezza A. B., Simmonds I. & Renwick J. A. 2007. Southern Hemisphere cyclones and 

anticyclones: Recent trends and links with decadal variability in the Pacific 

Ocean. International Journal of Climatology 27, 1403-1419. 

Reale O. & Atlas R. 2001. Tropical cyclone-like vortices in the extratropics: 

Observational evidence and synoptic analysis. Weather Forecasting 16, 7-34. 



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

Revell M. J. & Ridley R. N. 1995. The origin and evolution of low-level potential 

vorticity anomalies during a case of Tasman Sea cyclogenesis. Tellus 47A, 779-

796. 

Roebber P. J. 1984. Statistical-analysis and updated climatology of explosive cyclones. 

Monthly Weather Review 112, 1577-1589. 

Roebber P. J. 1989. The role of surface heat and moisture fluxes associated with large-

scale ocean current meanders in maritime cyclogenesis. Monthly Weather Review 

117, 1676-1694. 

Rogers E. & Bosart L. F. 1986. An investigation of explosively deepening oceanic 

cyclones. Monthly Weather Review 114, 702-718. 

Rogers E. & Bosart L. F. 1991. A diagnostic study of 2 intense oceanic cyclones. 

Monthly Weather Review 119, 965-996. 

Saji N. H., Ambrizzi T. & Ferraz S. E. T. 2005. Indian Ocean Dipole mode events and 

austral surface air temperature anomalies. Dyn. Atmos. Oceans 39, 87-101. 

Saji N. H., Goswami B. N., Vinayachandran P. N. & Yamagata T. 1999. A dipole mode 

in the tropical Indian Ocean. Nature 401, 360-363. 

Sanders F. 1986. Explosive cyclogenesis in the west-central north-Atlantic Ocean, 1981-

84 .1. Composite structure and mean-behavior. Monthly Weather Review 114, 

1781-1794. 

Sanders F. & Davis C. A. 1988. Patterns of thickness anomaly for explosive cyclogenesis 

over the west-central north-Atlantic Ocean. Monthly Weather Review 116, 2725-

2730. 

Sanders F. & Gyakum J. R. 1980. Synoptic-dynamic climatology of the bomb. Monthly 

Weather Review 108, 1589-1606. 

Simmonds I. 2003. Modes of atmospheric variability over the Southern Ocean. Journal of 

Geophysical Research-Oceans 108. 

Simmonds I. & Keay K. 2000. Variability of Southern Hemisphere extratropical cyclone 

behavior, 1958-97. Journal of Climate 13, 550-561. 

Simmonds I., Keay K. & Lim E. P. 2003. Synoptic activity in the seas around Antarctica. 

Monthly Weather Review 131, 272-288. 

Simmonds I. & Murray R. J. 1999. Southern extratropical cyclone behavior in ECMWF 

analyses during the FROST special observing periods. Weather and Forecasting 

14, 878-891. 



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

Simmonds I., Murray R. J. & Leighton R. M. 1999. A refinement of cyclone tracking 

methods with data from FROST. Australian Meteorological Magazine 35-49. 

Simmonds I. & Wu X. R. 1993. Cyclone behavior response to changes in winter Southern 

Hemisphere sea-ice concentration. Quarterly Journal of the Royal Meteorological 

Society 119, 1121-1148. 

Simpson R. H. & Pelissie J. 1971. Atlantic hurricane season of 1970. Monthly Weather 

Review 99, 269-277. 

Sinclair M. R. 1993. A diagnostic study of the extratropical precipitation resulting from 

tropical cyclone Bola. Monthly Weather Review 121, 2690-2707. 

Sinclair M. R. 1995. A climatology of cyclogenesis for the Southern Hemisphere. 

Monthly Weather Review 123, 1601-1619. 

Sinclair M. R. 1997. Objective identification of cyclones and their circulation intensity, 

and climatology. Wea. Forecasting 12, 595-612. 

Sinclair M. R. 2002. Extratropical transition of Southwest Pacific tropical cyclones. Part 

I: Climatology and mean structure changes. Monthly Weather Review 130, 590-

609. 

Sinclair M. R. 2004. Extratropical transition of southwest Pacific tropical cyclones. Part 

II: Midlatitude circulation characteristics. Monthly Weather Review 132, 2145-

2168. 

Speigler D. B. 1971. Unnamed Atlantic tropical storms of 1970. Monthly Weather Review 

99, 966-976. 

Sutcliffe R. C. 1939. Cyclonic and anticyclonic development. Quarterly Journal of the 

Royal Meteorological Society 65, 518-524. 

Sutcliffe R. C. 1947. A contribution to the problem of development. Quarterly Journal of 

the Royal Meteorological Society 73, 370-383. 

Trenberth K. E., Jones P. D., Ambenje P., Bojariu R., Easterling D., Klein Tank A., 

Parker D., Rahimzadeh F., Renwick J. A., Rusticucci M., Soden B. & Zhai P. 

2007. Observations: Surface and Atmospheric Climate Change. Climate Change 

2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change, 

Cambridge University Press, Cambridge, United Kingdom and New York, NY, 

USA. 102p. 



Tasman cyclone transition and bombs  M.Black 268250 
�

����������
�

Trenberth K. E. & Mo K. C. 1985. Blocking in the Southern Hemisphere. Monthly 

Weather Review 113, 3-21. 

Veiga J. A. P., Pezza A. B., Simmonds I. & Dias P. L. S. 2008. An analysis of the 

environmental energetics associated with the transition of the first South Atlantic 

hurricane. Geophysical Research Letters 35. 

Wash C. H., Hale R. A., Dobos P. H. & Wright E. J. 1992. Study of explosive and 

nonexplosive cyclogenesis during FGGE. Monthly Weather Review 120, 40-51. 

Winston J. S. 1955. Physical aspects of rapid cyclogenesis in the Gulf of Alaska. Tellus 7, 

481-500. 

 

 

 


