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On Christmas Eve, 1974, tropical cyclone Tracy (hereafter Tracy) made landfall at 
Darwin, Australia, with tragic loss of life and property. The current study uses 
objective analyses from the NCEP and ERA40 re-analysis projects, and the Bureau 
of Meteorology’s operational Tropical Cyclone Limited Area Prediction System, 
TC-LAPS, to investigate (a) changes in the tropical circulation, and (b) changes in 
Tracy’s motion and intensity, during the days prior to landfall.
      Within the limitations of the observational network available in 1974, and based 
on observational and model diagnostics, we postulate the following scenario for 
the intensification and recurvature. Landfall at Darwin coincided with the onset 
of the Australian monsoon. As the monsoon westerlies developed over Indonesia, 
the storm changed its direction of motion under the influence of the developing 
monsoon flow. Intensification commenced just prior to recurvature and was as-
sociated with an upper tropospheric flow transition. During this time, rapid and 
large scale flow changes: (i) provided a favourable low level environment of a 
developing monsoon trough, (ii) resulted in an equatorward movement of the up-
per ridge and a reduction in environmental wind shear, (iii) provided a connection 
between the storm outflow and the midlatitude westerlies to form an extended 
outflow channel for intensification, and (iv) directly influenced the development 
of Tracy’s upper vortex via downstream development of a weak environmental 
trough, which overlay the low-level circulation. 

Introduction

On Christmas Eve, 1974, tropical cyclone Tracy made landfall 
at Darwin, Australia, with tragic loss of life and property 
(Bureau of Meteorology 1977). The event is part of the 
meteorological folklore. Since 1974, our understanding of (a) 
the large-scale influences on genesis and intensification, and 
(b) inner-core structure change during rapid intensification 
(RI) has greatly advanced. For example, Holland and Merrill 
(1984) and Hanley et al. (2001) describe favourable and hostile 
environments for trough interactions. Davidson et al. (2008) 
describe the influence of propagating Planetary Rossby 
Waves during some RI events. The role of environmental wind 
shear in modulating storm intensity is better understood 

(e.g. Jones 1995; Frank and Ritchie 2001; Paterson et al. 2005). 
The important role of Vortical Hot Towers and possibly 
Vortex Rossby Waves have been elucidated by, for example, 
Hendricks et al. (2004), Montgomery et al. (2004), Guinn 
and Schubert (1993), Montgomery and Kallenbach (1997) 
and Wang (2002).  The eyewall replacement cycle has been 
documented (Willoughby et al. 1982). The importance of 
ocean coupling to release the potential energy stored within 
warm-cored ocean eddies is better understood (Shay et al. 
2000). It is thus very worthwhile to revisit the Tracy event 
to assess its interesting behaviour, armed with more recent 
knowledge of genesis and RI. Further, powerful research 
tools that have emerged since 1974 are (a) sophisticated data 
assimilation techniques, and (b) advanced high-resolution 
Numerical Weather Prediction (NWP) models. Application of 
these new tools is still dependent on the quality and density 
of the observing network, and in 1974 there were clearly 
limitations in the network, particularly over ocean areas. 
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However new insights can still be obtained from application 
of these new numerical tools on significant historical events. 
In the current study we apply advanced numerical systems 
and new understanding to investigate Tracy’s intensification 
and recurvature, with particular focus on the evolution of the 
storm’s large scale environment.  
 The second section briefly describes the data and 
numerical systems used. The third section documents the 
evolution of Tracy’s Large Scale Environment (LSE) based 
upon diagnostics from re-analysis data sets. The fourth 
section illustrates observed and forecast circulation features 
based on a skilful high-resolution simulation of Tracy’s 
intensification and recurvature. The fifth section is the 
conclusion.

Data and numerical systems

The current study uses objective analyses from the ERA40 
and NCEP re-analysis projects (Uppala et al. 2005; Kalnay 
et al. 1996), and the Bureau of Meteorology’s operational 
Tropical Cyclone Limited Area Prediction System, TC-LAPS 
(Davidson and Weber 2000), to investigate Tracy’s motion 
and intensity change during the days prior to landfall. 
Simulations and diagnostics are mostly based upon NCEP 
data. Cross-checking against more recently-available ERA40 
data was conducted to confirm consistency of diagnostic 
results. Similar to the findings in Davidson et al. (2007), 
apart from some differences in the moisture analysis and 
in the intensity of the diagnosed ascent field, the data sets 
are very similar. Note that for simulations, because of the 
diabatic initialization used here (see description below), 
there is less sensitivity to the vertical motion and moisture 
fields contained in the raw re-analysis data. The numerical 
system operates on two meshes, which are one-way nested. 
The outer grid is at 0.75° resolution, covers the approximate 
domain 55°S - 25°N, 65°E - 180°E and is used to forecast the 
LSE. The inner grid is at 0.15° resolution with domain 25°S 
- 5°N, 115°E - 145°E, and is initialised using sophisticated 
vortex specification and initialisation. The best track data 
used here is based upon post-analysis data sets developed at 
the Bureau of Meteorology and used by Dare and Davidson 
(2004) in a climatological study of tropical cyclones in the 
Australian region. A synthetic vortex is constructed based 
upon best track estimates which define the location, size 
and past motion of the storm (Davidson and Weber 2000). 
Synthetic observations from this method are extracted 
at sufficient resolution to define the maximum wind at 
the radius of maximum wind. A statistical interpolation 
method (Seaman et al. 1995) is used to objectively analyse 
the synthetic observations. The first guess is obtained from 
the re-analysis data. No assimilation cycling is done, so that 
each analysis is a ‘cold start’. Background error covariances 
and observational errors are tuned for the high-resolution 
analysis. The vortex specification and high-resolution 
analysis are performed every six hours from twenty four 
hours prior to the base time of the simulation. To initialize 

the synthetic vortex, which does not have an imposed 
boundary layer structure or secondary circulation, and may 
not be in mass-wind balance, a nudging technique is used. 
From 24 hours prior to the base time of the simulation, the 
forecast model is initiated and nudged towards the six-
hourly analyses which contain the synthetic vortex. During 
the 24 hours of nudging initialization, which preserves the 
analysed vorticity and surface pressure, the model develops 
the storm’s boundary layer structure, the vertical motion 
field and secondary circulation, and forms the mass-wind 
balance based on its (the model’s) dynamics. Long-term 
monthly mean sea surface temperatures are used in all 
simulations. 

Evolution of Tracy’s large scale environment

The method used to monitor the LSE is similar to that 
described in Davidson et al. (2007). We trace the evolution 
of extratropical-tropical interactions in the form of upper-
level propagating Planetary Rossby Waves, which appear 
to emanate from high-latitude cyclogenesis events over the 
South-West Indian Ocean, and monitor local circulation 
changes over the Australian monsoon. Figure 1 shows the 
ERA40 200 hPa wind analysis at 0000 UTC 14 December 1974. 
Marked on the diagram are regions over which we monitor 
(a) cyclogenesis events over high latitudes of the South-West 
Indian Ocean (SWIO) (Region A: 60°S – 45°S, 60°E – 90°E), 
(b) changes in the strength of the SubTropical Jet (STJ) over 
the Indian Ocean (Region B: 20°S – 30°S, 90°E – 115°E) and 
(c) the strength of the low-level monsoon westerlies (Region 
C: 15°S – 5°S, 110°E – 140°E). The black square in Region 
C shows where Tracy made landfall. At the time shown in 
Fig. 1 a major cyclogenesis event had developed over the 
SWIO, the IO-STJ was strong but the monsoon flow was 
quite weak (not shown here) with weak westerlies confined 
to near-equatorial latitudes. In Fig. 1 there is evidence of a 
wavetrain orientated from southwest to northeast. This is 
seen as a series of troughs and ridges (marked with symbols 
‘T’ and ‘R’) emanating from the cyclogenesis region and 
extending northeastwards to low latitudes. This structure is 
very similar to that described in Davidson et al. (2007) during 
onset events. The proposed mechanism, which still requires 
further consolidation, is that amplifying Rossby Waves are 
refracted towards the tropics by the subtropical jet and as 
part of the wave propagation, the strengthening upper level 
tropical ridge, with accelerating upper level easterly winds 
on its northern side, influence large-scale tropical cloudiness 
and the monsoon.  
 Figure 2 shows time-height series over Region C of 
zonal wind and vertical motion. Peaks in westerly wind are 
apparent on 12, 19 and 26 December. The first two peaks are 
relatively short-lived and hence do not qualify as monsoon 
onset according to the definition described in Drosdowsky 
(1996), which requires deep westerlies overlain by upper 
level easterlies which persist for a number of days. The third 
peak is characterised by deep monsoon westerly winds 
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which persist for a number of days and thus represent 
the onset of the 1974-75 Australian monsoon. Using 
Drosdowsky’s definition, the date of onset is 25 December 
1974 and thus coincides with the arrival of Tracy at Darwin. 
Note that Drosdowsky’s definition is based upon the Darwin 
wind sounding and thus it could be argued that it may not 
be representative of the monsoon in this year, because of the 

presence of Tracy near to Darwin. Figure 2 and diagnostics 
presented later suggest that very large scale changes 
occurred during this time and the monsoon westerlies 
strengthened over a large area covering Indonesia and 
northern Australia. That is, based on indices of the large-
scale flow, 25 December was indeed the true onset of the 
monsoon. Also note that the monsoon westerlies develop 
through a deep tropospheric layer, so that deep-layer-
mean steering of the Tracy circulation changed from weak 
westward steering to moderate eastward steering.  
 Time-height section of vertical motion (Fig.2, right panel) 
indicates peaks in early December (associated with TC 
Selma) and then near 11, 17 and 24 December. Note that 
the peaks in monsoon westerlies lag the peaks in ascent by 
one to three days. Apart from the break near 19 December, 
the continuity in the ascent field and the time evolution of 
zonal wind suggests that a ‘false onset’ may have occurred 
near 19 December. As indicated below, this may have been 
associated with the arrival of a Madden-Julian Oscillation 
event.        
 Time series of indices to monitor the evolution of the 
LSE are shown in Fig. 3. For December 1974, they include 
surface pressure over Region A, the strength of the IO-STJ 
over Region B, and the vertical motion and westerly wind 
fields over Region C. Three major cyclogenesis events (8, 
14, 22 December) can be seen in the top left panel. These 
occur during times when the IO-STJ was relatively strong 
and thus favourable for the propagation of Planetary Rossby 
Waves towards the tropics (see Davidson et al. 2007 for a 
theoretical discussion). There are three periods of strong 
ascent within Region C (11, 16, 24 December), which lag the 

Fig. 1   ERA40 200 hPa wind analysis valid 0000 UTC, 14 De-
cember 1974. Contour interval for isotachs is 20 ms–1. 
Winds between 20 and 40 ms–1 are shaded in light 
grey and between 40 and 60 ms–1 in dark grey. The 
large square box in Region C covers Darwin where 
Tracy made landfall. The symbols “T” and “R” ex-
tending from the southwest Indian Ocean, northeast-
wards into the tropics are indicative of a trough-ridge 
wave train extending over the region.     

Fig. 2   Time-height sections for December 1974, 0000 UTC times, of zonal wind (left panel) and vertical motion (right panel) over 
the domain 15°S to 5°S, 110°E to 140°E. Contour interval for zonal wind is 2 ms–1 and for vertical motion is 0.02 hPa sec–1. 
Westerly winds are positive. Ascent is negative. 
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cyclogenesis events by two to four days. There are three 
periods of accelerating westerly wind within Region C (12, 
19, 26 December) which lag the ascent field by two to three 
days.
 Evidence for the existence of the Madden-Julian 
Oscillation during monsoon onset (Hendon and Liebmann 
1990) is shown in Fig. 4, which is a time-longitude section 
of 200 hPa divergence over the longitude span 40°E – 180°E 

and latitude band 15°S – 5°S. Regions of enhanced upper 
divergence appear to propagate from west to east during 
the period 1 to 18 December which corresponds with 
the development of the first two peaks in the monsoon 
westerlies. The enhanced divergence associated with the 
formation of tropical cyclone Tracy and the actual monsoon 
onset appears to develop in situ. However we note that the 
divergence field obtained from objective analyses can be 

Fig. 3   Time series for December 1974, 0000 UTC times, of surface pressure over Region A, 60°S – 45°S, 60°E – 90°E (top left panel), 
and 200 hPa zonal wind over Region B, 20°S – 30°S, 90°E – 115°E (top right panel).  Time series of 400 hPa vertical motion 
(lower left panel) and 850 hPa zonal wind over Region C, 15°S – 5°S, 110°E – 140°E (lower right panel). Units of surface pres-
sure are hPa, zonal wind is ms–1 and vertical motion is hPa sec–1. Descent and westerly winds are positive in solid contours. 
Ascent and easterly winds are negative in dashed contours.  
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prone to well-known computational errors and so results 
based on this diagnostic should be treated with caution. 
Evidence also suggests that around 19 December (the false 
onset), there were quite marked changes in the circulation. 
During this time, there was a change from strong low-level 
easterlies to weak westerly winds over the tropics (Figs 
2 and 3) and enhanced ascent for a number of days (Figs 
2 and 3). Leading up to this time, there was also a major 
cyclogenesis event over the South-West Indian Ocean (Fig. 
3). We speculate that one reason why these flow changes 
did not influence the tropics more strongly was that the 
subtropical jet was weakening during this time (Fig. 3) and 
so the full impact of the wave was not felt over the tropics.
 The local structural changes in the vicinity of Tracy are 
illustrated in Fig. 5, which shows 850 and 200 hPa wind 
analyses valid at 0000 UTC 21, 23 and 25 December 1974. At 
850 hPa on 21 December, weak monsoon westerlies were 
located between the equator and 5°S with Tracy located on 
the monsoon trough axis north of Darwin. Easterly winds 
prevail over northern Australia and so onset had not yet 
occurred. By 23 December, the near-equatorial westerly 
winds had begun to extend southward and by 25 December 
were established over northern Australia with the monsoon 
trough located between 15°S and 20°S over Australian 
longitudes. As illustrated in Fig. 2, after 24 December the 
westerly winds deepened very rapidly up to at least 300 hPa 
so that the environmental steering for Tracy had become the 
monsoon westerlies. 
 At 200 hPa (Fig. 5, right panels) on 21 December the 
upper ridge axis was oriented west-east at about 15°S and 
so at that time, upper level easterlies were occurring over 
Tracy. There was no access for outflow from the tropics 

into the midlatitude westerlies. Over mid-latitudes the flow 
was quite zonal. Small amplitude waves were evident over 
high latitudes. However there is evidence of an amplifying 
trough over the South-West Indian Ocean, characterized 
by a maximum in the polar front jet on the western flank of 
the trough. This may have been the source of a downstream 
development event that was to occur over Australian 
longitudes during the next five days.  By 23 December, 
the flow had become much more meridional, with large 
amplitude waves evident over mid- to high latitudes. A 
trough had amplified off the Western Australia coast with 
the southern portion of the trough remaining mobile and 
moving eastward. This is consistent with Keenan and Brody 
(1988), who documented the presence of large amplitude 
upper troughs off the Western Australian coast during active 
phases of the monsoon. Also with the strengthening of the 
downstream ridge located over northern Australia, a band 
of divergent north to northeasterly wind developed over 
Indonesia and the Arafura Sea and was still evident on 25 
December. Note from Figs 2 and 3 that at this time, ascent 
within the monsoon had begun to increase so that the upper 
flow was strongly divergent. Note as well that the structure 
of the ridge had changed quite dramatically. The ridge axis 
had relocated to about 12°S, and outflow from the tropics 
was able to enter the STJ on the eastern flank of the IO upper 
trough. Examination of Fig. 5 indicates that environmental 
wind shear was weak during Tracy’s formation and may 
have become even weaker with the relocation of the upper 
ridge axis to over the storm – a situation highly favourable 
for intensification.

Fig. 4   Time-longitude section for December 1974 at 0000 UTC times of 200 hPa horizontal divergence over the longitude span 
40°E – 180°E and latitude band 15°S – 5°S.  Contour interval is 5.0x10–6 s–1. Divergence (convergence) is positive (negative) 
in solid (dashed) contours.
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Observed and forecast circulation features 

Although the Tracy circulation is understandably not well-
depicted in the original analyses, forecasts using the NCEP 

data and TC-LAPS show remarkable skill at predicting the 
large scale environment and the storm’s behaviour. Figure 
6 shows observed and forecast track and central pressure 

Fig. 5   Wind fields at 850 hPa (left panels) and 200 hPa (right panels) valid 0000 UTC 21, 23, 25 December 1974. Isotachs at 850 
hPa are at 10 ms–1 intervals and winds between 10 and 20 ms–1 are shaded in light grey and between 20 and 40 ms–1 in dark 
grey. Isotachs at 200 hPa are at 20 ms–1 intervals and winds between 20 and 40 ms–1 are shaded in light grey and between 
40 and 60 ms–1 in dark grey. The symbols ‘T’ and ‘R’ in the bottom panels indicate locations of strengthening troughs and 
ridges associated with the downstream development. The thick lines over the tropics indicate the location of the monsoon 
trough in the left panels and upper level ridge in the right panels.
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information commencing 1100 UTC, 22 December 1974.
 The hair-pin recurvature and landfall at Darwin are 
extremely well forecast. The predicted intensification occurs 
earlier than observed but is still rather encouraging. We 
thus suggest that most of the ingredients necessary for 
prediction of Tracy’s behaviour were contained within the 
initial condition. These ingredients include a favourable 
LSE, a somewhat realistic initial vortex structure and ocean 
coupling.
 Figure 7 shows the 850 hPa initial condition and 48 hour 
forecast. 
 The storm’s circulation specified in the initial condition 
is still too large compared with Tracy’s known structure, 
but it represents a quite realistic vortex. Features of note in 
Fig. 7 are: (i) the intensification, which commences just prior 
to recurvature, and (ii) the strengthening in the westerly 
monsoon flow over Indonesia during the period of the 
forecast. This strengthening (i) coincides with the onset of 
the monsoon, (ii) alters Tracy’s environmental steering from 
westward to eastward, and (iii) is mostly independent of 
Tracy’s intensification (see later).
 Figure 8 shows the 200 hPa initial condition and 48 hour 
forecast from the inner grid.
 Of note are (i) the equatorward re-location of the upper 
ridge (with implied reduction in environmental shear), (ii) the 
development of a weak environmental trough which overlays 
Tracy’s low level circulation very similar to that described 
in Molinari et al. (1998), and (iii) the connection between 
the storm’s outflow and the mid-latitude westerlies. These 

environmental circulation changes, which provide favourable 
conditions for intensification, are almost identical with those 
described by Davidson and Kar (2002) during rapid tropical 
cyclone intensification. They hypothesize that the upper ridge 
becomes barotropically unstable and breaks down to rapidly 
relocate equatorward with the formation of a weak, small-
scale environmental trough. These features are highlighted in 
the diagram.
 Figure 9 shows the 950 hPa 48 hour forecast from the 
coarse outer grid and without vortex specification. Of note are: 
(i) the absence of the Tracy circulation in the forecast, and (ii) 
the acceleration of the monsoon westerly flow over Indonesia, 
even without a realistic depiction of the Tracy circulation.

Fig. 6  Observed and forecast tracks and central pressures 
from base time 1100 UTC 22 December 1974. Data are 
at six-hour intervals from t = 0 to t = 60 hours. Tabulat-
ed, column values are estimated and forecast central 
pressures (hPa) and track errors in kms.

Fig. 7  Initial and 48 hour forecast 850 hPa wind fields valid 
1100 UTC 22 and 24 December 1974. Contour interval 
for isotachs is 10 ms–1. Winds between 10 and 20 ms–1 
are shaded in light grey, and between 20 and 40 ms–1 
are shaded in dark grey.  
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Conclusion

The current study has used objective analyses from the 
NCEP and ERA40 re-analysis projects, and the Bureau of 
Meteorology’s operational Tropical Cyclone Limited Area 
Prediction System, TC-LAPS, to investigate (a) changes 
in the tropical circulation, and (b) motion and intensity 

changes, during the days prior to the landfall of Tropical 
Cyclone Tracy at Darwin in 1974.
 Within the limitations of the observational network 
available in 1974, and based on observational and model 
diagnostics, we postulate the following scenario for the 
intensification and recurvature.
 Tracy’s landfall at Darwin coincided with the onset 
of the Australian monsoon. As the monsoon westerlies 
developed over Indonesia, the storm changed its direction 
of motion under the influence of the developing monsoon 
flow. We propose that onset was triggered via an eastward 
and equatorward propagating wave train at upper levels, 
which originated from high latitudes (Davidson et al. 2007). 
The effect of this process was to establish a weak monsoon 
structure, which was amplified by local convective processes. 
Intensification commenced just prior to recurvature and 
was associated with an upper tropospheric flow transition. 
During this time, rapid and large scale flow changes: (i) 
resulted in an equatorward movement of the upper ridge and 
a reduction in environmental wind shear acting on Tracy, (ii) 
directly influenced the development of Tracy’s upper vortex 
via downstream development of a weak environmental 
trough, which overlay the low-level circulation, and (iii) 
provided a connection between the storm outflow and the 
midlatitude westerlies to form an extended outflow channel.
 This investigation represents one of the first detailed 
case studies of rapid intensification in the Australian region. 
Further work on RI is needed to assess the generality of the 
findings to assist with the difficult task of forecasting these 
important events. 

Fig. 8  Initial and 48 hour forecast 200 hPa wind fields valid 
1100 UTC 22 and 24 December 1974. Contour interval 
for isotachs is 10 ms–1. Winds between 20 and 40 ms–1 
are shaded in light grey, and between 40 and 60 ms–1 
are shaded in dark grey. The thick, solid line marks 
the ridge axis. The dashed line on the lower diagram 
marks the axis of the mesoscale trough associated 
with the circulation changes described in the text. 

Fig. 9   From the coarse-resolution simulation, 48 hour fore-
cast 950 hPa wind field valid 1100 UTC 24 December 
1974. Contour interval for isotachs is 10 ms–1. Winds 
between 10 and 20 ms–1 are shaded in light grey, and 
between 20 and 40 ms–1 in dark grey. 
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