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Tropical cyclone Tracy (Tracy) in December 1974 is arguably the most significant
tropical cyclone in Australia’s history accounting for 71 lives and the destruction
of most of Darwin. While several other cyclone events have caused more deaths
including the 1899 Bathurst Bay (QId) event, Tracy’s impact on Darwin profound-
ly affected Australian perspectives to the tropical cyclone threat leading to new
building codes and enhancement of tropical cyclone warning services.

Although Tracy passed directly over Darwin’s observation site, the anemom-
eter was damaged after registering a peak gust of 217 kmh'. The comprehensive
1977 report of Tracy used techniques available at the time to conclude that ‘peak
gusts associated with Tracy were most likely in the range of 217 to 240 kmh!, cor-
responding to maximum mean winds (10- minute average) over Darwin of 140 to
150 kmh’

This study examines the techniques used in the 1977 report and re-evaluates
the maximum winds using current tropical cyclone science. In particular the fol-
lowing aspects are investigated:

e Satellite interpretation using current understanding of the Dvorak technique.

e Wind-pressure relationships, given that the central pressure of 950 hPa was
accurately measured.

e The impact of tropical cyclone size on cyclone intensity estimates.

Damage and storm surge assessments are not incorporated into this reanaly-
sis although it is acknowledged that this information should be used with the re-
sults of this study to revise Tracy’s maximum intensity at landfall in the Australian
tropical cyclone database. Indeed many of the issues raised in this study should be
used to re-evaluate the intensity of other historical tropical cyclones in the Austra-
lian region and should be understood by planning and building designers.

The consequences of this re-examination demonstrate the value of re-evalu-
ating historical cyclones even if they were highly scrutinised following the event.

Introduction

Tropical cyclone Tracy in 1974 was arguably the most
significant tropical cyclone in Australia’s history. Aside
from the fatalities and considerable damage it caused,
it had a profound influence on meteorological efforts to
understand and forecast tropical cyclones in the Australian
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region. Understandably, it was well investigated in the years
following. The Bureau of Meteorology published a Technical
Report in March 1975 (Bureau of Meteorology 1975),
presented at a Natural Hazards Symposium in 1976 (Wilkie
and Neal 1979) and then published a comprehensive report
in 1977 (Bureau of Meteorology 1977) hereafter referred to
as the official report.

There remains considerable interest in the intensity
of Tracy and other historical tropical cyclones in general
whether it be for making a comparison of a current cyclone
event, building design issues or for climate change studies.
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Indeed there are major global efforts to improve the accuracy
of tropical cyclone databases such as Knapp et al. (2010) and
Landsea et al. (2008) including intensive efforts to reanalyse
individual storms of significance such as hurricane Andrew
in 1992 by Landsea et al. (2004).

This study reviews some of the findings in the official
report relating to the maximum winds at Darwin on the basis
of the evolving understanding of tropical cyclones since the
mid 1970s. Specific issues that are considered include:

e the interpretation of the observations;

e wind-pressure relationships;

satellite derived intensity estimates; and
the influence of size on intensity.

Observational evidence

The primary observational evidence relevant to maximum
wind speeds during Tracy include the Darwin radar
sequence, pressure observations at the Darwin airport
Weather Service Office and Northern Territory Regional
Office located in the city centre, and wind observations at
the airport.

Radar

A low formed to the north of the Top End and was declared
a cyclone on 21 December. Initially it moved to the southwest
before recurving to the southeast on Christmas Eve, rounding
Bathurst Island then heading into Darwin. Radar imagery
provided accurate centre fixes from 22 December until radar
failure at landfall.

Radar imagery shows a well-formed eye for several days
with varying appearance. Some of the variations relate to
the degraded quality and calibration issues of the imagery
especially when compared to modern radar signatures.
Darwin radar images at 0330 CST 23 December, 1045 CST 24
December and 0315 CST 25 December 1974 shown in Fig. 1
indicate that a well-formed eye was evident in the days prior
to landfall. There are concentric eyes evident that then evolve
into what appears to be a more intense phase by 1200 CST
24 December with a smaller eye diameter. Indeed double
eye-walls are apparent at several times, although an eye-wall
replacement cycle is not evident with this quality of imagery.

Radar imagery indicates the small-scale nature of the
eye. The eye-diameter reached a minimum of 9 km and was
estimated as being about 12 km as it passed over Darwin
(Bureau of Meteorology 1977). The radius of maximum winds
lies outside the inner eye radius typically by about 5-10 km
(Meighen 1990) but was smaller in Tracy being about 7 km
from the centre as it passed over Darwin and the radius
of gales is described as no more than 40 km using wind
observations at Darwin (Bureau of Meteorology 1977).

This qualifies Tracy as a ‘midget” tropical cyclone using
a definition that the radius of gales is less than 110 km (60
nm)’. Indeed by any measure of size, be it radius of gales,
radius of outer closed isobar (ROCI), eye diameter or radius

See footnote on page 162

Fig. 1a Darwin radar image at 0330 CST 23 December 1974
(scale is 240 nm).

Fig. 1b Darwin radar image at 1045 CST 24 December 1974
(note the scale change to 120 nm).

Fig. 1c Darwin radar image at 0315 CST 25 December 1974
(note the scale change to 60 nm).




Courtney and Shepherd: The benefit of hindsight: re-examining the maximum winds 161

of maximum winds (RMW), Tracy was amongst the smallest
tropical cyclones ever observed (refer WMO site of world
records http://wmo.asu.edu/).

Of additional significance is the slow movement of Tracy,
moving at about 6 kmh™ as it approached the coast and then
at 11 kmh™ over Darwin. So although Tracy was a midget, the
slow movement increased the duration of very destructive
winds and this undoubtedly had an impact on the amount of
damage done.

Central pressure

Figure 2 is the barograph trace from the Regional Office
showing a classical cyclone profile with a rapid fall to a
minimum as the eye passed over then a rapid increase. The
pressure gradient was analysed to reach 5.6 hPa/km over a 2
km region in the vicinity of the eye wall. This demonstrates
that pressure measurements outside the eye can significantly
misrepresent the minimum central pressure.

The several barometers at the airport and Regional Office,
particularly the mercury barometer at the airport that was
manually read, were well scrutinised following the event
with the Bureau of Meteorology (1977) stating the data
‘firmly established” the minimum pressure over Darwin as
950 hPa. While it could be argued that the airport barograph
suggests a lower pressure, the 950 hPa value is accepted
given that there is no new information available and that a
manual reading of 950.4 hPa was made during the calm of
the eye at the airport.

Fig. 2 Barograph trace from the Northern Territory Regional
Office (station level pressure).

Maximum wind

Figure 3 is the original anemometer record from the Dines
instrument at Darwin airport. The highest registration
on the chart at 0305 CST was deemed to be an electrical
fault although there was some controversy whether this
was actually the case. Although Tracy passed directly over
Darwin’s observation site the anemometer only recorded up
to about 0310 CST after registering a peak gust of 217 kmh-".
Unfortunately, the telemetry between the instrument and the
paper trace failed and then at 0430 CST after the passage of
the eye, the instrument itself was destroyed.

Fig. 3 The original anemometer record from the Dynes instru-
ment at Darwin airport. ‘A’ marks the actual peak gust
of 117 knots (217 kmh-") at 0305 CST, ‘B’ marks the
estimated 10 minute maximum wind of 76 knots (140
kmh-') between 0300 and 0310 CST; and ‘C’ shows a
reading believed to be a false reading caused by an
electrical failure.

o

Using the radar analysis the peak winds at the airport
were estimated as occurring between 0245 and 0315 CST.
Using the anemograph paper trace, Bureau staff estimated
the mean wind to be approximately 140 kmh™ between
0300-0310 CST. This would yield a gust factor of 1.55 which
is somewhat higher than the commonly adopted factor of
1.41 (WMO 1993) and higher than the draft recommended
off-sea gust factor of 1.38 (Harper et al. 2008). However,
manual estimation of the mean wind from a paper trace is
inherently uncertain and the assessed wind speeds were not
necessarily contemporaneous.

Bureau of Meteorology staff estimated that winds in the
period after anemometer failure and prior to the calm of the
eye did not get stronger than the recorded winds. There were
subjective estimates that the strongest winds were after the
eye passed and that greater damage occurred during this
latter phase (Walker 1975). Furthermore an anemometer east
of Darwin recorded stronger winds in the south-westerlies
following the centre than the northeasterlies ahead of it
(Bureau of Meteorology 1975), however the quality of this
data was questioned and no mention of this was made in the
official report. Instead that report suggests that higher winds
following the eye were probably unlikely and attributed this
perception to be an overestimation given the rapid transition
from calm to hurricane force winds after the eye passage.
Also, it is to be expected that the greater damage would
occur after the eye based on the longer period of winds
on weakening structures. Nevertheless, it is possible that
higher wind speeds occurred after the anemometer stopped
recording.

Callaghan and Smith (1998) note that the worst of the
damage was reportedly 3-4 km north and northwest of the
anemometer over the suburbs of Nightcliff and Casuarina
through which the northern eyewall passed. It is highly
likely that wind speeds in these areas were greater than
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the reported winds at the airport. At the airport the highest
winds occurred when the wind direction was from the north
having travelled overland for about 5-6 km. In contrast peak
winds would have been blowing directly onshore at Nightcliff
and Casuarina. It is also possible that winds were enhanced
on the coast as they moved over the cliffs at Nightcliff,
although official tropical cyclone intensity estimates do not
attempt to describe such topographically-enhanced winds.
Additionally the maximum wind measured from a site over
land is likely to be less than over open waters. In a modelling
study, Vickory et al. (2009) suggested the maximum ten-
minute winds are about fifteen per cent lower over land than
over water, although this would vary according to a number
of factors including terrain roughness, duration over land
and size.

Hence, it is probable that the maximum winds at landfall
were higher than those measured at the airport for a number
of reasons. The question is by how much?

The official report summary of the maximum
wind

In addition to the observed gust of 217 kmh™ and estimated
ten-minute maximum wind of 140 kmh?, the official report
also explored other ways to estimate the maximum winds.
1. Using the then new Wind-Pressure Relationship (WPR)
by Atkinson and Holliday (1977), hereafter A&H, that
analysed measured winds and pressures of northwest

Pacific Typhoons, the maximum 10-minute winds were 152

kmh based on the central pressure of 950 hPa (using the

1-min to 10-min conversion factor of 0.88 (WMO, 1993)).

However, this used the fixed and arbitrary environment

pressure of 1010 hPa. Using the actual environment

pressure of 1004 hPa, the corresponding maximum wind
is at 143 kmh, remarkably close to the measured wind at

Darwin. This will be discussed later.

2. The official report then used radar imagery and changes
in pressure from the barograph to derive a radial wind
profile to arrive at the gradient wind value of 202 kmh.
The report approximated this to be equivalent to the
surface wind gusts, however this would seem to be
simplified estimation given the complexities of tropical
cyclone boundary layer wind profiles.

3. The then new Dvorak method was used to estimate
maximum wind gusts of 235 kmh™ based on a current
intensity of 5.5. This will also be discussed later.

The official report concluded that the maximum winds in
Darwin were 140-150 kmh™ with gusts in the range of 217-
240 kmh™ allowing for some increase from the measured
winds considering spatial and temporal variations.

'While others e.g. Brand (1972) define midget in terms of the ROCI, esti-
mates of the gale radius are considered a more reliable as a circulation-
size metric.

Re-interpreting Tracy

It must be emphasised that there is no new evidence about
Tracy directly. So what can be said now in 2008 that was not
already said in the mid-1970s is based upon learnings in the
last thirty years from a post-analysis point of view. If a Tracy
were to occur tomorrow how would it be rated? Two aspects
are explored in particular:

1. Wind Pressure Relationships.

2. Satellite imagery Interpretation: The Dvorak method of
intensity estimates assessing the strengths and
weaknesses. Does the small size of Tracy make a
difference?

Wind pressure relationships

With the benefit of more and better wind and pressure
data, we now know that for a particular minimum central
pressure there is a range of potential maximum winds.
Firstly, all pressures should be expressed in terms of the
AP — the difference between the central pressure and the
environmental pressure. Unfortunately the environmental
pressure was not a parameter routinely stored in best track
datasets. In the Northwest Pacific a standard environmental
pressure of 1010 hPa was used when Atkinson and
Holliday (1977) developed their relationship, while the
Dvorak relationship for the North Atlantic was based on
an environmental pressure of 1016 hPa. Significantly these
values are much higher than those typical of northern
Australia and in late December 1974 the environmental
pressure was 1004 hPa.

Fifgure 4 is a scatter plot of one-minute maximum wind
and AP from Knaff and Zehr (2007, hereafter K&Z), using
best track data during the aircraft reconnaissance era of
1989-2004 in the North Atlantic and North Pacific. While
there are some Australian region data points as documented

Fig. 4. Scatterplot of 1-minute maximum wind and AP for
reconnaissance-based data for tropical cyclones in
the North Atlantic and North Pacific, 1989-2004. The
AP of 54 corresponding to Tracy is highlighted as
having a possible variance in maximum wind from
approximately 110-190 kmh~" (converted to 10-minute
wind using factor of 0.88).
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in Courtney and Knaff (2009), they are insufficient in number
to match those in the North Atlantic. Figure 4 shows that
for a given AP there is considerable scatter in the maximum
winds plotted here as the 1-minute wind in knots. For a
AP of 54, as in the case of Tracy, the maximum ten-minute
wind varied from between about 110 and 190 kmh-. A valid
question would be how would Tracy appear on this plot?

As reviewed in Harper (2002) and K&Z (2007), operational
WPRs generally match a single wind value with a single
pressure value and so do not account for the considerable
scatter. K&Z (2007) tried to account for the scatter in this
dataset and found that the WPR appeared to vary as a
function of size, latitude and speed of movement.

Courtney and Knaff (2009) adapted the K&Z (2007) WPR
for operational use in Tropical Cyclone Warning Centres
(TCWCs) known as KZC, and it is now being used in
Australian and some international TCWCs including the
U.S. National Hurricane Centre. Based on the inputs of
pressure (950 hPa), latitude (12.5°S), size (30 nm radius of
gales), environmental pressure (1004 hPa) and motion (3
knots), the derived maximum 10-minute wind is 174 kmh™
(94 knots) equating to a maximum gust of 245 kmh (133
knots) using a gust factor of 1.41. To ascertain the relevant
influences of these inputs an equivalent tropical cyclone at
22°S would be about 8 kmh™ (4 knots) weaker, or one with a
radius of gales of 150 nm would be 6 kmh~ (3 knots) weaker,
or if the speed were to increase to 25 kmh™ (13 knots) the
tropical cyclone would be 6 kmh™ (3 knots) stronger, or if the
AP was 5hPa greater the tropical cyclone would be 8 kmh (4
knots) stronger.

The plot of 54 hPa AP against a ten-minute wind of 94
knots is shown in Fig. 5 along with the standard operational
WPRs previously used prior to the adoption of the KZC
WPR: A&H used in Perth and La Reunion TCWCs, Love and
Murphy (1985, hereafter L&M) used in Darwin, the Crane

Fig. 5. Wind pressure relationships used in different Tropi-
cal Cyclone Warning Centres: Atkinson and Holliday
(A&H), Love and Murphy (L&M), Crane method and
Dvorak Atlantic. The point for Tracy is calculated via
Courtney and Knaff (2008).

s - Tracy (Courtney&Knaff

3:

method used in Brisbane and Fiji TCWCs, and the Dvorak
Atlantic (Dvorak 1975) used in the Atlantic and central and
eastern Pacific by the US National Hurricane Centre (NHC)
and Central Pacific Hurricane Center.

The calculated maximum wind using the KZC method
is stronger than that derived by the other WPRs. It does lie
close to the maximum wind from L&M and Crane (small),
which is reassuring given that Tracy data was part of the
L&M dataset. The A&H WPR, the one used in the official
report, lies furthest from the calculated Courtney and Knaff
plot. However K&Z (2007) argues that A&H tends to under-
estimate maximum winds for a given AP. It should be noted
that in the Knaff and Zehr dataset there are few data points
for midget systems like Tracy, and certainly none quite so
small resulting in a likely under-estimate of the maximum
winds for a given pressure.

Satellite imagery interpretation

The standard approach to cyclone intensity estimation in
the absence of direct observations - as is the usual case
in the Australian region - is to use satellite imagery based
upon the Dvorak technique developed in the 1970s and 80s
(Dvorak 1972, 1973, 1975, 1982, 1984, 1995). Cyclone intensity
is given by Current Intensity (CI) estimates that can be
determined subjectively or objectively using both visible
(Vis) and infrared (IR) satellite imagery. The CI, which ranges
from 1.0 to 8.0, is then directly related to a wind speed. In
the 1970s satellite imagery was relatively low resolution and
infrequent compared to today but sufficient to make general
calculations.

For Tracy there were only from two to three images per
day available. Figure 6 shows images from the ESSA and
NOAAA4 satellites giving some idea of the level of resolution
available to forecasters. A ‘pinhole’ eye is just evident on this
ESSA image on 23 December.

A Dvorak analysis was performed and summarised in
the official report (Bureau of Meteorology 1977). Table 1 is

Table 1. Dvorak intensity estimates forTracy (from Bureau of
Meteorology 1977), December 1974.

Date Time Satellite/ Dvorak Dvorak
(CST) Sensor Final T. Current
no. Intensity
no.
23 0957 NOAA4 5.0 5.0
Vis
23 1033 ESSA8 — —
Vis
23 2218 NOAA4 55 55
IR
24 0857 NOAA4 5.0 5.5
Vis
24 2313 NOAA4 4.5 5.5
IR
25 0952 NOAA4 Landfall

Vis




164 Australian Meteorological and Oceanographic Journal 60:3 September 2010

Fig. 6a. Visible image from ESSA 8 satellite, 23 December 1974.

a summary of the intensity estimates showing a maximum
CI T-number of 5.5 for the period from late on 23 December
until landfall on Christmas Day based primarily upon the
Final T-number (FT) of 5.5 on the IR image on 23 December
and the CI being held at this higher value. Based on a CI of
5.5 the corresponding maximum 10-minute wind is 165-175
kmh (90-95 knots).

But how accurate is the Dvorak technique and how
reliable is this estimate? Unfortunately the digital satellite
data needed to re-examine this analysis is not available.

Despite this, some comments can be made on how the
Dvorak technique has been used since then. Velden et al.
(2006) provide a comprehensive review of the technique and
some of the issues are discussed below.

The Dvorak technique is based upon conventional IR and
Vis imagery. In more recent years we now have instruments
that measure in the microwave wavelength which can reveal
greater structure than the basic IR/Vis imagery.

In Australia tropical cyclone Vance in March 1999 is on
record as causing the highest wind gust recorded on the

Fig. 7a. TRMM microwave image for Vance, 0459 UTC 20
March 1999 (courtesy US Navy Research Laboratory).

Fig. 7b. TRMM microwave image for Vance, 1910 UTC 20
March 1999 (courtesy US Navy Research Laboratory).
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Australian mainland - 267 kmh™ at Learmonth. Fig. 7 shows
two TRMM microwave images taken just fourteen hours
apart on 20 March when Vance was still well offshore. The
Dvorak classification at the time, based on conventional IR/Vis
imagery (IR images in Fig. 8) was 5.5 at 0500 UTC increasing
to 6.5 for the later image. This equates to a maximum wind
of 165 kmh™ increasing to 205 kmh-. The lower estimate on
the earlier image arises because the pinhole eye is not clear
on the IR image. However, the 0500 UTC microwave image
shows a very small but intense ring of deep convection
around the centre indicative of very strong winds. This ring
is still evident on the 1900 UTC but is weaker in response to

Fig. 8a. Infrared satellite image for Vance, 0630 UTC 20 March
1999.

Fig. 8b. Infrared satellite image for Vance, 2030 UTC 20 March
1999.

a developing secondary (outer) eye wall, heralding the onset
of an eye wall replacement cycle.

Although officially Vance is rated as being stronger at
the later time, on the basis of the microwave imagery it is
suggested that the maximum winds are at least as strong on
the earlier image. It is possible that Tracy would have shown
a microwave image similar to that of Vance’s 0500 UTC
microwave image in Fig. 7a given the features displayed
on radar imagery but of course we will never know. This
demonstrates the point that a small system with Dvorak CI
5.5 such as Tracy, can potentially be at least as intense as a 6.5
rated cyclone.

Olander and Velden (2007) evaluated the ‘Advanced
Dvorak Technique” (ADT) with reconnaissance-based
best track data and have had to incorporate specific
considerations for pinhole eyes to bias upwards the Dvorak
estimate to match the observed intensity estimate. This was
demonstrated with the intense North Atlantic hurricane
Wilma in 2005.

Hurricane Charley was another small system having a
radius of maximum winds of less than 5 nm and a radius of
gales of about 85 nm that rapidly developed prior to crossing
Florida in 2004. It was a well-measured system having
data from many aircraft reconnaissance missions. Charley
was shown to intensify very rapidly, the central pressure
falling from 970 to 941 hPa in less than 9 hours, with an
intensification rate of 5 hPa per hour prior to landfall (see Fig.
9). The maximum wind was measured at 215 km™ for a AP of
73 hPa but when the pressure was 954 hPa (AP of 60 hPa) the
maximum wind was 125 knots (1-minute mean) converted
to 204 kmh™ which is right on the edge of the scatter plot
shown in Fig 4. Chen (2010) found that the small eye-size
(less than five kilometers) of hurricane Wilma was the key
factor contributing to the record-breaking deepening rate of
10 hPa/h (954 to 901 hPa in just over five hours).

Figure 10 is an IR satellite image for hurricane Iris that
hit Belize in 2001 showing a pinhole eye just discernible.
Even accounting for the differences in resolution there is

Fig. 9. BestTrack intensity profile of hurricane Charley, 2004.
Information courtesy of the National Hurricane Cen-
ter.
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Fig. 10. Infrared image for hurricane Iris, 9 October 2001
(courtesy of US Navy Research Laboratory).
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remarkable similarity in the size between this image and

the ESSA8 image of Tracy. Iris had a small core of very

destructive winds although the radius of gales extended
to about twice that of Tracy. Iris intensified rapidly, went
through an eye wall replacement cycle and weakened, then

developed again, peaking at 204 kmh" with a pressure of 948

hPa (AP of 62 hPa). The official Dvorak rating reached 6.5 and

7.0 for three hours.

Both Iris and Charley lie on the far right edge of the
scatter plot shown in Fig. 4. This shows that:

1. Small systems can develop very quickly, much faster
than the standard rate. Correspondingly they can weaken
faster than the standard rate. The chance of capturing
the maximum intensity with just one IR image per day is
remote. So while IR images gave a Dvorak intensity of 5.5
and 4.5 for Tracy on 23 and 24 December, it is likely that
hourly images would have shown much more variation.
It is necessary to sample at more than two to three times
per day to capture the maximum intensity. Indeed, even
six-hourly estimates may not capture the peak intensity.

2. Small systems can push the W-P envelope, so for a given
AP, winds tend to be considerably higher than for larger
systems.

The early Dvorak technique in the 1970s was dependent
upon a cyclone’s size for both Vis and IR imagery. This is what
was used for Tracy. In 1984, Dvorak published the enhanced
IR technique (Dvorak 1984), which has proven to be more
objective and reliable than the size-dependent visible eye
technique. Certainly the enhanced IR technique gives higher
intensity estimates than the earlier technique for midget
tropical cyclones: a CI of 6.0 equates to a maximum wind of
180-195 kmh while a CI of 6.5 corresponds to 200-215 kmh
(category 5 on the Australian scale).

Some studies (e.g. Harper 2002; Holland 2008) argued

that the Dvorak intensity technique overestimates the
maximum winds particularly for strong cyclones. However,
as discussed in Brown and Franklin (2002, 2004) and Velden
et al. (2006) this bias is removed once weakening storms
are removed. This finding resulted in the technique being
modified by reducing the time that the CI is held steady
upon initial weakening. Brown et al. (2008) and Courtney and
Knaff (2009) demonstrate that when reconnaissance data is
used for validation, Dvorak-derived maximum winds show
strong agreement with reconnaissance-based best track
data in the North Atlantic. Olander and Velden (2007) even
suggest that there is a slight under-estimation of intensity
using operational Dvorak values.

While the Dvorak technique does have limitations, for
example, it does not account for intensity changes associated
with some eye wall dynamics such as concentric eyes and the
associated eye wall replacement cycles, it remains the most
robust method of determining tropical cyclone intensity
in the absence of reconnaissance data. The technique
will continue to be improved, especially with automated
algorithms and the integration of microwave imagery into
intensity estimation.

Recent examples of northern Australian intense tropical
cyclones

In the early 1970s there was a general reluctance by meteo-
rologists to estimate tropical cyclone intensity in the (Aus-
tralian) category 4 or 5 range. Without a history of measure-
ments of the maximum winds or central pressures of intense
cyclones there was uncertainty whether cyclones in the Aus-
tralian region would be as strong as those being measured
in the Northwest Pacific or North Atlantic basins. Following
Tracy, and then tropical cyclones Trixie (Feb. 1975) and Joan
(Dec. 1975) of comparable intensity, there was the growing ac-
knowledgement that intense tropical cyclones were more fre-
quent in the Australian region than previously thought. With
improved observational evidence in recent decades around
the globe there is much greater confidence that these intensi-
ties are reached. In the twelve seasons between 1998/99 and
2009/10 there have been 29 tropical cyclones estimated at cat-
egory 4 or 5 intensity in the Australian region representing 25
per cent of the total number of tropical cyclones in that peri-
od. Of these there have been three notable category 5 tropical
cyclones about the Top End of Australia: Thelma 1998, Ingrid
2005 and Monica 2006. Thelma and Ingrid reached a CI of 6.5
while Monica was estimated at 7.5 and was the equal most
intense system in the Australian tropical cyclone database.

Summary

As documented in the official report, the maximum intensity
of Tracy as observed at Darwin airport was 140-150 kmh™
(10-minute mean winds) with gusts to 217 kmh. While there
is no new direct evidence about Tracy, there is considerable
evidence that the maximum winds were likely to have been
higher than this for the following reasons:
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1. Sampling the wind at one site (the airport) is unlikely to
capture the maximum wind, especially as the worst of
the damage was reportedly 3-4 km north and northwest
of the anemometer over the suburbs of Nightcliff and
Casuarina, through which the northern eyewall passed.
Also the maximum wind measured from a site over land
is likely to be less than over open waters.

2. Accepting the 950 hPa value as the minimum central
pressure, using the KZC WPR, the maximum wind
corresponds to 174 kmh™ (94 knots) equating to a
maximum gust of 245 kmh™ (133 knots) using a gust
factor of 1.41. Given the extreme small size of Tracy it is
possible that this WPR may underestimate the maximum
wind. The actual maximum could be 185-195 kmh- (100-
105 knots) gusting 260-275 kmh™ (140-150 knots) using
the peak value from the W-P scatter in a North Atlantic
aircraft reconnaissance-based dataset.

3. Accepting the official report’s Dvorak CI of 5.5 would
suggest maximum winds were at least 165-175 kmh™
gusting 235-250 kmh.

4. The Dvorak methodology used in the official report
underestimates the intensity compared to the enhanced
IR technique used since the early 1980s.

5. The Dvorak technique underestimates intensity for midget
systems, especially given the low resolution available in
the 1970s.

6. Midget tropical cyclones undergo more rapid changes
in intensity that larger ones. Sampling satellite images
two to three times per day is unlikely to capture the
maximum intensity. For this reason it is quite possible,
even probable, that Tracy was more intense than the
official report states, prior to crossing the coast.

7. Radarimagery in the official report indicates the presence
of concentric eyewalls at times between 23 and 25
December, indicating that Tracy reached its peak intensity
during this period. Eye wall replacement cycles may have
occurred, however, an intense single eye wall structure
became apparent just prior to landfall.

The damage assessment is intentionally not incorporated
into this reanalysis, but it is acknowledged that this
information, along with conclusions of storm surge
modelling, can contribute to providing estimates of the
maximum winds.

While the actual maximum wind during Tracy remains
open for conjecture, a maximum wind estimate at landfall of
175 kmh™ (95 knots) is considered more likely than the official
report’s value of 140-150 kmh (75-80 knots). Furthermore, it
is probable that Tracy would have been even more intense at
some stage prior to landfall. Should a tropical cyclone with
the features of Tracy occur today then it would be described
as being at an intensity of at least 175 kmh™ (95 knots). It
is recommended that the above results be combined with
results of engineering wind damage estimates and storm
surge modelling work to provide a revised landfall intensity
and for this to be incorporated into the Australian tropical
cyclone database.
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