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Introduction

During the afternoon of 27 January 2004, heavy rain and thun-
derstorms developed over northern Tasmania. By 9 am local 
time the following morning, rainfall totals of up to 156 mm (at 
Western Creek, see Fig. 1 for locations mentioned in the text) 
were reported along the Great Western Tiers, with a broad 
area of falls in excess of 100 mm about the central north.  
Rainfall continued into 29 January, with heavy falls again oc-
curring, but mostly in the far northeast. The return period for 
rainfall at Swan Island during this period was estimated to be 
1 in 500 years for periods of between two and 24 hours.
 Major flooding occurred in the upper reaches of the South 
Esk River. The flood peak of 9.28 m at Llewellyn was the 5th 
highest ever recorded at that site. Up to 20 roads were cut 
during 29 and 30 January, and between 100-200 people were 
stranded for a time. An estimated $4 million was lost from 
poppy crops and a $1 million loss suffered by oyster farmers, 
with large losses in a number of vegetable and fruit crops. 
 This report will examine the meteorological conditions 
leading to the floods of 27-30 January, and available rain-
fall data. A brief comparison will be made with previous 
significant heavy rainfall and flooding events in northeast 
Tasmania.

Antecedent conditions and precipitation 
overview

The three months October-December 2003, leading to Janu-
ary 2004, were drier than normal across most of Tasmania, 
with below average (decile 2-3) to very much below average 
(decile 1) rainfall reported over the majority of the north of 
the State. The first three weeks of January similarly saw only 
scattered rainfall in a generally westerly flow.
 There was little rain recorded in Tasmania in the 24 hours 
ending 2200 UTC 26 January.   
 Maps of the 24-hour rainfall ending 2200 UTC 27, 28 and 
29 January are shown in Figs 2 (a)-(c) respectively, together 
with a map of the three-day rainfall total ending 2200 UTC 29 
January (Fig. 2(d)). Note that local time indicated in the title 
of the maps is Tasmanian Daylight Saving Time, 11 hours 
ahead of UTC.
 In the 24 hours to 2200 UTC 27 January, rain was concen-
trated in the central north (Fig. 2(a)) with heaviest falls in a 
band from Low Head (106 mm), inland over the Deloraine 
area (Dunorlan 151 mm, Reedy Marsh 127 mm), to the Great 
Western Tiers (Western Creek 156 mm and Breona 137 mm). 
The 106 mm at Low Head was its second-highest daily fall 
on record. There was also heavy rain in the far northeast 
(Gladstone 93 mm and Pyengana 87 mm). Pluviograph traces 
from Deloraine, Golden Valley and Forthside show rain com-
menced at Deloraine about 0315 UTC on the 27th, at Golden 
Valley at 0340 UTC and at Forthside at 0550 UTC. Rain was 
heaviest at Forthside from about 0900 UTC and at Deloraine 
and Golden Valley at about 1500-1600 UTC on 27 January. 
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 In the 24 hours ending 2200 UTC 28 January, the heavy 
rain had shifted more into the east (Fig. 2(b)) with further 
heavy falls at Pyengana (197 mm, a new record for any 
month), Gladstone 103 mm and St Helens 124 mm. The 
heaviest rain was at Gray with 237 mm and 234 mm at two 
observing sites. Very heavy rain also fell on Clarke Island 
(114 mm) and Cape Barren Island (189 mm, a multi-day total, 
very probably over two days). Further falls of about 40 mm 
occurred in the central north. Figures 3(a) and (b) show hy-
etographs for Swan Island and St Helens, respectively, for 
the period 0000 UTC 26 January to 0000 UTC 31 January.

 Figure 3 indicates that, broadly, two main bursts of rainfall 
occurred in far northeast Tasmania during the event. Swan 
Island and St Helens received heavy falls up to and shortly 
after 0000 UTC 28 January. Following a break of roughly six 
hours, further heavy rainfall occurred, although the second 
period of rainfall was generally less intense than the first, but 
of longer duration.
 In the 24 hours to 2200 UTC 29 January rain eased in the 
central north (Fig. 2(c)) but extended into the southeast (Gray 
had a further 188 mm, Pyengana 91 mm and Hobart 44 mm).   
By 2200 UTC 30 January, Gray had had a further 24-hour total 
of 23 mm but elsewhere falls were generally below 10 mm.
 Maximum rainfall intensity at Swan Island for the 48 
hours to 2200 UTC 28 January is plotted in Fig. 4, in bold.  
For periods of less than 100 minutes, return periods are esti-
mated at between 50 and 100 years. For periods of between 2 
and 24 hours, however, it is estimated that the return period 
is 1 in 500 years.

Meteorological description

Broadscale and some synoptic features of the atmosphere 
through the period of the heavy rains will be described in 
the first instance.  Following this, the smaller scale meteorol-
ogy of the event will be examined in three parts, as the rain-
fall can be split into three ‘sub-events’, with slightly different 
mechanisms active in each case.

Broadscale 
500 hPa long-wave component analysis. Figures 5 (a)-(f) 
display 500 hPa long-wave component analyses from 0000 
UTC 25 January at 24-hour intervals through to 0000 UTC 
30 January, respectively. These are from the Bureau of Me-
teorology Global Assimilation and Prediction (GASP) model, 
described in Seaman et al. (1995) and Bourke et al. (1995).
 At the start of the period, on 25 January, three signifi-
cant troughs dominated the southern hemisphere, at 90°W, 
10°W at African longitudes and 90°E just west of continental 

Fig. 1 Map of Tasmania, including locations mentioned in 
text.

Fig. 2 Distribution of rainfall for 24 hours to 9 am Daylight Saving  Time (11 hours ahead of UTC) on (a) 28 January, (b) 29 January 
and (c) 30 January, and (d) for the 72 hours to 9 am 30 January 2004.

(a) (b) (c) (d)
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Australia, with a broader but shallower trough near 150°E, 
just east of Tasmanian longitudes (Fig. 5(a)). Over the next 
48 hours (Figs 5(b) and (c)), amplification occurred in each 
trough, and there was some progression of those near 10°W 
and 90°E. By 0000 UTC 29 January (Fig. 5(e)), the trough 
south of Africa had substantially progressed and broadened 
as it continued to amplify, while that west of Western Aus-
tralia had progressed several degrees eastward as it, too, 
amplified further. During this time, the trough near 150°E 
had persisted at mid-latitudes, but had relaxed at higher 
latitudes. By 0000 UTC on 29 January, a higher latitude 
ridge had begun to form at these longitudes following the 
upstream trough amplification. The ridge gained amplitude 
into 30 January (Fig. 5(f)), as the African and West Australian 
troughs started to relax, while the corresponding mid-lati-
tude trough maintained its position.

300 hPa Australian region analysis. During 26 January, a 
300 hPa trough immediately west of Tasmania began to shear, 
and by 0000 UTC 27 January a low centre at that level was 
located at 42°S, 140°E (Fig. 6(a)). As the shearing occurred, 
a weak (60-70 knot) subtropical jet maximum developed at 
about 30°S, extending from west of Western Australia near 
90°E to 140°E, north of the deepening trough. In addition, 
a southerly jet streak developed on the western flank of the 
low, again with winds peaking at 70-75 knots (values evident 
on a fine-resolution display, rather than the regional-scale 
charts shown in Fig. 6). 
 Over the next 24 hours, the low moved only slowly north-
eastward to the western end of Bass Strait (Fig. 6(b)). The 
southerly jet streak moved northward around the low and 
began to merge with the subtropical jet. At 0000 UTC on 29 
January (Fig. 6(c)), an easterly jet streak of 50 kn became evi-
dent on the southern flank of the 300 hPa low, over the north-
west tip of Tasmania, but had faded by 1200 UTC.  
 For the remainder of the event, the subtropical jet persist-
ed at similar strength between 30-35°S across eastern Austra-
lia. The low continued a slow east-northeastward progression 
through Victoria to weaken slowly and be located over the 
southern NSW coast by 1200 UTC 30 January (Fig. 6 (d)).

500 hPa Australian region analysis. A similar develop-
ment to that at 300 hPa occurred in the 500 hPa flow. A sharp 
trough in 500 hPa height peaked at 0000 UTC 26 January near 
134°E at 43°S, before a cut-off low developed in the trough 
over the ensuing 12 hours. By 0000 UTC 28 January, the low 
had deepened slightly to 550 gpdm and had moved slowly 
northeastward to be located immediately west of Bass Strait 
(almost exactly co-located with the 300 hPa centre at this 
time). The low centre continued northeastward across Vic-
toria, weakening slowly, to be located near the south NSW 
coast by 1200 UTC 30 January.

Fig. 3 (a) Swan Island and (b) St Helens rainfall for the pe-
riod 0000 UTC 26 to 0000 UTC 31 January 2004. Hori-
zontal axes are scaled with tick marks every six hours.

(a)

(b)

Fig. 4 Swan Island maximum rainfall intensity for the pe-
riod 1300 UTC 26 January to 1300 UTC 28 January 
2004.
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other trough extending from Alice Springs to a small low 
near Canberra. A high covered most of the Tasman Sea, a 
weak cold front was nearing Tasmania from the southwest 
and another high was forming south of the Bight. The next 
upstream frontal trough was passing well to the south of 
Perth. Over the subsequent 24 hours, the trough over the 

MSLP analysis
On 24 January, some days prior to the commencement of 
the event (not shown) the mean seal-level pressure (MSLP) 
chart showed a fairly typical summer pattern: low pressure 
covered the northern half of continental Australia with the 
usual summertime trough extending south over WA and an-

Fig. 5 GASP long-wave component analyses for (a) 0000 UTC 25 January to (f) 30 January 2004 at 24-hour intervals.

(a) (c)

(b) (d)
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southeast Australian continent extended towards New Zea-
land, and the Bight high moved east to southeast, causing 
the pressure at Macquarie Island to rise 21 hPa in 24 hours (a 
common occurrence prior to cut-off low formation near Tas-
mania, as discussed later). The frontal trough south of Perth 
had moved southeast and weakened.

Fig. 5 Continued. Fig. 6 300 hPa Australian region analyses for (a)-(c) 0000 
UTC 27 to 29 January, at 24-hour intervals and (d) 
1200 UTC 30 January 2004. Areas near Australia 
where wind speed exceeds 60 knots are highlighted 
in grey.

(e)

(c)

(a)

(f)

(b)

(d)
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 By 0000 UTC 26 January (Fig. 7(a)), high pressure was well 
established south of the continent except for a weak surface 
low approaching Tasmania from the southwest, a reflection 
of the development occurring aloft at this time. Notably, the 
pressure on Macquarie Island was 1019 hPa, similar to that 
over Tasmania. The weak low southwest of Tasmania moved 
northeastward during the next 24 hours (Fig. 7(b)), to merge 
with a slowly deepening trough extending over southwest 
Victoria. South of the continent, pressure was about 1024 
hPa along latitude 50°S.  

 At 0000 UTC 28 January (Fig. 7(c)), a low of 1004 hPa was 
located near King Island (close to the location of the upper-
level feature), with another low of similar intensity near Can-
berra. Macquarie Island pressure was steady at 1020 hPa. By 
this time, low-level flow over Tasmania was fresh easterly.
 Over the next 24 hours, to 0000 UTC 29 January (Fig. 
7(d)), the high south-southwest of Tasmania intensified to 
1028 hPa with a complex low over southern Victoria. East 
to southeast flow prevailed over Tasmania. The southern 
high continued to intensify, reaching 1030 hPa by 0000 UTC 

Fig. 7 MSLP analyses for 0000 UTC 26 to 31 January 2004, at 24-hour intervals.

(a)

(b)

(c)

(d)

(e)

(f)
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30 January (Fig. 7(e)), while the main low centre deepened 
slightly to 1002 hPa near Canberra. Pressures during this 
period were falling over the South Island of New Zealand. 
At 0000 UTC 31 January (Fig. 7(f)), the high to the south had 
weakened to 1022 hPa whilst the low had deepened to 997 
hPa but moved to about 200 km east of Gabo Island. As a 
consequence, the surface flow over Tasmania had tended 
southerly and moderated.
 During the period depicted in Fig. 7, the pressure pattern 
over southeastern Australia was consistent with the charac-
ter of an ‘easterly dip’ (Holland et al. 1987). Easterly dips are 
a relatively common phenomenon over southeastern Aus-
tralia but occasionally, as noted by Holland et al. (1987), they 
can give rise to explosive cyclogenesis. Additionally, as will 
be discussed later in this paper, they can result in heavy rain 
events over northern and eastern Tasmania. 

Mesoscale development

As noted above, the event can be considered as three suc-
cessive pulses of heavy rainfall. The period leading up to 
0400 UTC 28 January, especially the afternoon and evening 
of 27 January, forms the first such period. The second is the 
subsequent period to 0000 UTC 29 January, with the third 
the following 24 hours to 0000 UTC 30 January, after which 
time the forcing mechanisms involved in the event have 
substantially dissipated. Discussion of the mesoscale and 
subsynoptic-scale meteorology of the event will be split into 
sections along these lines. 

Period 1:  the hours leading up to 0400 UTC 28 January
At 2300 UTC 26 January (not shown) moderate southeast-
erly winds prevailed fairly generally at the surface across 
Tasmania, consistent with the broad east to southeasterly 
flow directed over the State by the high to the south and 
developing trough to the north (Fig. 7(b)). Figure 8 displays 
(a) infrared (IR) and (b) water vapour (WV) imagery from 
the US GOES-9 geostationary satellite at 0030 UTC 27 Jan-
uary, together with (c) surface observations from manual 
and automatic stations in northern Tasmania at 0400 UTC. 
Convective and mid to high-level cloud are visible in the IR 
image immediately west of Tasmania, associated with the 
developing trough, while isolated convective clouds are 
evident in a line off the far northeast coast, an indication 
of the instability associated with the southeast Australian 
trough. At the same time, a broad area of dry air at upper 
levels is visible in the WV imagery over much of Victoria 
and southeastern South Australia, extending westward 
over the Great Australian Bight. A second, smaller, area of 
dry air can be seen immediately south of the first and sepa-
rated from it by a narrow band of more moist air. An upper 
air sounding from Melbourne at 2300 UTC 26 January (not 
shown) shows the air mass to be dry above about 850 hPa 
at that time. The areas of upper-level dry air correspond 
reasonably closely to the weak jets analysed at 300 hPa at 
approximately the same time (Fig. 6(a)).

 

Fig. 8 (a) GOES-9 IR satellite imagery over southeastern 
Australia 0030 UTC 27 January. (b) GOES-9 WV im-
agery for the same time. (c) Surface observations in 
northeast Tasmania for 0400 UTC 27 January 2004. 

(a)

(b)

(c)
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Table 1. Hobart Airport winds and selected rainfall totals for the 24 hours to 2200 UTC.

Time (day/time in UTC) Layer
direction

Layer
speed (m s-1)

Deloraine
rain (mm)

Gray
rain (mm)

Hobart
rain (mm)

1000-500 hPa
shear (m s-1)

26/2300 245 01 0 0 0 014/08

27/0500 65 09

27/1100 75 14 355/09

27/1700 75 14

27/2300 95 10 126.8 62.2 7.6 003/10

28/0500 90 09

28/1100 100 09 039/14

28/1700 110 09

28/2300 130 11 28.6 234.2 6 038/11

29/0500 145 11

29/1100 130 12 078/15

29/1700 140 11

29/2300 135 10 24.2 190 43.6 057/15

30/0500 140 07

30/1100 135 06 081/06

30/1700 170 06

30/2300 130 03 1 22.6 6.2 030/13

31/0500 70 03

31/1100 999 03 030/02

31/1700 999 02

31/2300 190 04 0.2 0.2 0 207/05

Note: the ‘layer’ wind is an average of 300, 600, 900 and 1500 m winds. Wind speeds are rounded to the nearest integer value.  

 By 0400 UTC (Fig. 8(c)) northeast to northerly winds had 
developed along the Tasmanian north coast and there was 
a suggestion of some surface confluence coinciding with 
the escarpment of the Great Western Tiers. Surface obser-
vations from the west of the State (not shown) are gener-
ally west to southwesterly, indicating an area of surface 
convergence over the northern highlands.  This mesoscale 
convergence is likely to have focussed the broader area of 
synoptic low-level convergence associated with the trough 
extending over southeastern Australia at this time. Surface 
dew-points were near 18°C in the far northeast (four to five 
degrees above the January-February average), grading to 
16°C over much of the remainder of northeast Tasmania 
but below 10°C over most of western and central Tasmania. 
A pronounced dry-line had formed, extending from about 
Devonport on the mid-north coast to the central southeast. 
Dew-points of 15°C at Launceston and Low Head contrast-
ed with a value of 5°C at Sheffield.
 The only Tasmanian upper-wind information available dur-
ing the event was from Hobart, shown in Table 1. Low-level 
flow was light and variable at 2300 UTC on the 26th but by 0500 
UTC 27 January was east to northeast averaging 9 m s-1 in the 

layer 300-1500 m. Wind shear at 1000-500 hPa was northerly 
to start the event, indicating colder air to the west during 27 
January, consistent with the convection evident on IR imagery 
around this time off the western Tasmanian coast.
 Radar data from West Takone in northwestern Tasma-
nia, displayed in Fig. 9, was examined for the afternoon and 
evening of 27 January. This was the only period during the 
event when radar coverage was available for the heaviest ar-
eas of precipitation. During the mid-afternoon (not shown) 
showers developed over the Tamar Valley and northeast, as 
recorded by the pluviographs noted earlier. Over the next 
several hours, these became steadily heavier and moved 
westward. By 0800 UTC, a broken line of thunderstorm cells 
was discernible extending northeast-southwest from west of 
Flinders Island to south of Deloraine (Fig. 9(a)), with further 
convection to the west along the Great Western Tiers and 
about the west coast. Another broad line of moderate pre-
cipitation lay over King Island at this time, extending to the 
northeast and southwest.
 Figure 10 displays (a) GOES-9 IR satellite imagery at 1230 
UTC 27 January and (b) WV imagery for the same time, to-
gether with (c) surface observations at 1000 UTC. By 1000 
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UTC, widespread rainfall of 10-20 mm had occurred in the 
central north and northeast, and consequently the air mass 
near Sheffield had moistened substantially, with the dew-
point temperature increasing to 13.9°C. An area of low-level 
confluence was evident near the head of the Tamar River, 
immediately west of Low Head. Meanwhile, the east-north-
east layer wind (Table 1) had increased to 14 m s-1 and re-

mained close to that value overnight. Substantial backing 
with height was evident in the Hobart Airport winds at this 
time, indicating warm air advection and further evidence 
of upward vertical motion over the area. During the after-
noon and early evening of 27 January, the deep convection 
that had became widespread over northern Tasmania and 
in Bass Strait progressed southwestward along the central 

(a) (c)

(b) (d)

Fig. 9 West Takone base scan radar images for: (a) 0800; (b) 1100; (c) 1300; and (d) 1500 UTC 27 January 2004.
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Fig. 10 (a) GOES-9 IR satellite imagery over southeastern 
Australia 1230 UTC 27 January. (b) GOES-9 WV im-
agery for the same time. (c) Surface observations in 
northeast Tasmania for 1000 UTC 27 January 2004. 

(a)

(b)

(c)

north coast line until approximately 1100 UTC, with other 
cells moving regularly over locations to the west, including 
Devonport (Fig. 9(b)). By 1100 UTC, Devonport had reported 
30.4 mm of rain, commencing between 0500 and 0600 UTC.
 By 1230 UTC (Fig 10(a)), the cirrus anvils from numer-
ous thunderstorms covered much of the State. Until about 
2200 UTC 27 January, a line of thunderstorms originating to 
the northeast of the central north coast continued to move 
southwestward under the ambient northeasterly steering 
flow. These storms, in particular, are visible on the radar im-
agery from West Takone as the broken line of storms cross-
ing the central north coast. 
 The heaviest rain during the evening of 27 January and 
into the early hours of the following morning was close to 
where the dry-line and the low-level convergence coincided 
during the afternoon. Further, development of thunder-
storms over and near King Island in the first instance, and 
the rapid intensification of thunderstorms over northern 
Tasmania evident from the IR imagery and from West Ta-
kone radar on the evening of 27 January, are coincident with 
the movement into Bass Strait of the second WV dry slot, as 
can be seen from Fig. 10(b).  
 The line of storms over the central north gradually moved 
south overnight and into the morning of 28 January, before 
starting to dissipate.  Only low-level cloud was evident about 
the central north coast by 0030 UTC on the 28th, but sub-
stantial convection is visible on IR satellite imagery over the 
far northeast, stretching into eastern Bass Strait. This had 
redeveloped on the southeast Australian trough in the early 
morning as it continued to move eastward (Fig. 11(a)). Suc-
cessive convective cells passed over the northeast tip of Tas-
mania, out of range of West Takone radar. As indicated in 
Fig. 3 and discussed earlier, it was during this period that the 
heaviest rainfall fell at Swan Island and St Helens.
 WV imagery at 0030 UTC (Fig. 11(b)) indicated that the 
southern dry slot had progressed only slowly eastward. It had 
recurved back towards the west under the influence of the 
upper-level circulation, and its easternmost extent was by this 
time in central Bass Strait. A broad lobe of the northern dry 
slot was now extending southward east of Bass Strait and its 
approach coincided with the initiation of the further convec-
tion affecting the far northeast of Tasmania at that time.

Period 2: 0400 UTC 28 January to 1200 UTC 29 January
During the afternoon of 28 January (Fig. 11(c)), east to 
southeasterly flow had become established over most of the 
State so that winds were offshore about the central north 
coast. Low-level confluence was still evident in the region of 
Flinders and Swan Islands, but convection in the far north-
east had ceased. Dew-point temperatures were 1-2°C  lower 
than the previous afternoon.
 Another pulse of storms had begun to develop over 
far eastern Victoria during the afternoon. The area of in-
stability increased and moved southwestward, such that 
by 1230 UTC 28 January (Fig 12(a)), thunderstorm outflow 
cloud again covered northeastern Tasmania. It was shortly 
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(a)

(b)

(c)

Fig. 11 (a) GOES-9 IR satellite imagery over southeastern 
Australia 0030 UTC 28 January. (b) GOES-9 WV im-
agery for the same time. (c) Surface observations in 
northeast Tasmania for 0400 UTC 28 January 2004.

(a)

(b)

(c)

Fig. 12 (a) GOES-9 IR satellite imagery over southeastern 
Australia 1230 UTC 28 January (b) GOES-9 WV im-
agery for the same time (c) Surface observations in 
northeast Tasmania for 1200 UTC 28 January 2004.
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prior to this time that Swan Island began to record a sec-
ond burst of rainfall, and rainfall had also redeveloped at 
St Helens. At this time, there was at most weak coastal 
convergence about the northeast, with a southerly wind at 
St Helens, while elsewhere the flow persisted southeast-
erly (Fig. 12(c)). Dew-point temperatures had changed little 
since the afternoon. Layer wind had gradually backed east-
erly by 0500 UTC 28 January, and decreased to about 10 m 
s-1, while the 1000-500 hPa wind shear shifted northeasterly 
suggesting that colder air aloft was pushing in over Bass 
Strait or northern Tasmania, consistent with the redevelop-
ment of thunderstorms to the north. 
 WV imagery at the time (Fig. 12(b)) indicated that the 
western end of the southern dry slot had remained over 
southeast South Australia during 28 January. Upper air 
soundings from Adelaide Airport at 2300 UTC 27 January 
and 1100 UTC 28 January show a deep layer of dry air above 
800 hPa with a dew-point depression at the latter time of 
24°C. During 28 January, the dry slot had continued to in-
tensify as it extended across Victoria. By 1200 UTC, its east-
ern extent was over far eastern Victoria, coincident with the 
region of rapidly developing convection that had extended 
across Bass Strait to produce several hours of further heavy 
rainfall over northeastern Tasmania.  
 It is likely that the surface confluence evident over north-
eastern Tasmania during the afternoon represents the south-
ern extent of the southeast Australian trough, which com-
bined with the overrunning dry slot, indicative of a potential 
vorticity (PV) anomaly, to trigger this second round of con-
vection.

Period 3: 1200 UTC 29 January onwards
As the low began to move into western Victoria (Fig. 7(c) 
and (d)), the orientation of the broad band of mid to high-
level cloud became more east-northeasterly as it continued 
to cross northern Tasmania. In the period to 0030 UTC 29 
January (not shown), the cloudband maintained latitude 
but began to split into two distinct regions. Over northern 
Tasmania the cloudband appeared to become more ragged 
with time, while east of 150°E convection intensified and 
the cloud elements started to assume characteristics of a 
mesoscale convective complex (MCC), as described by, for 
example, Maddox (1980) and Maddox et al. (1986). The west-
ern part of the cloudband dissipated during the day (while 
the MCC moved northeastward, not having directly affected 
Tasmania); however, it is clear from IR imagery at 1230 UTC 
(Fig. 13(a)) that a moist, unstable easterly flow persisted over 
Tasmania. Meanwhile, a third distinct burst of rainfall com-
menced briefly at Swan Island and at St Helens around 1200 
UTC, persisting at the latter location at low intensity for the 
next 12 hours, but with more significant falls to the south.  
 Surface dew-points during the day were near 15°C about 
the east coast and 11-14°C elsewhere (Fig. 13(c)), values 
which are by no means exceptional. Climatological means 
for the area are 11-12°C in late January. Surface wind flow 
was southeast to southerly and there was little evidence of 

a surface convergence zone. The layer wind veered south-
easterly increasing slightly again to 12 m s-1 at 1100 UTC, 
while 1000-500 hPa shears tended almost easterly during the 
day, indicating a cold pool somewhere to the north of Hobart 
and a markedly involuted thermal pattern. Water vapour 
imagery around this time shows an upper dry plume near 
the northeast coast of Tasmania (Fig. 13(b)), which may have 
triggered some convection at times. However, the convec-
tion evident on satellite imagery was substantially less active 
than on the 27th and 28th. In addition, as noted above, there 
was a significant area of middle-level cloud streaming from 
the east (Fig. 13(a)). It is likely, then, that the dominant pre-
cipitation mechanism operating during the 29th over east-
ern Tasmania, and the northeast in particular, was mid-level 
rainfall ‘seeding’ the generally moist low levels, accentuated 
by channelling along river valleys rising steeply into the 
northeast highlands. 
 The low continued to progress slowly eastward, and by 
1200 UTC 30 January was east of Tasmania. As a conse-
quence, winds over the State tended drier and more stable 
southerly.

Discussion

Occasional very heavy rainfall is recorded in Tasmania, par-
ticularly about the northeast (Bureau of Meteorology 1975; 
Jessup and Fox-Hughes 1991). Steep orography and narrow 
valleys tapering and rising into the mountains can act to 
channel moist onshore flow, as discussed by a number of au-
thors.  For example, Laing (2004) investigated several cases of 
heavy precipitation in the Caribbean, including one event in 
Jamaica where moist onshore flow combined with the pres-
ence of mountainous topography and persistent convection 
to produce rainfall equivalent to twice the monthly average. 
Kim and Lee (2006) suggested that heavy precipitation fell 
on the Korean peninsula from an MCC trapped by down-
stream orography. Watanabe and Ogura (1987) documented 
heavy convective rainfall over western coastal Japan in 1983, 
in an area with similar topography to northeastern Tasma-
nia – a coastal fringe sloping into mountains generally less 
than 1000 m elevation running roughly parallel to the coast. 
In the 1983 case, however, the authors argue that coastal con-
vergence triggered the initial convection, rather than chan-
nelling within the mountains. Petersen et al. (1999) note that 
thunderstorms which caused a devastating flash flood event 
at Fort Collins, Colorado, were formed in an area where oro-
graphic focussing acted together with outflows from earlier 
storms. Indeed, Doswell (1985) argues that topography may 
in some cases be the single most important factor influencing 
the development of convection leading to flash flooding. The 
Tasmanian cases cited above also suggest that topographic 
influences played a part in the events described.
 In a broader Australian context, numerous studies and 
reports have analysed flash flood events. Muller and Malone 
(2004) document a flash flood event in southeast Queensland 
that caused an estimated $35 million damage. Strong 
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low-level convergence of moist air, and the intrusion of a 
negative potential vorticity anomaly were suggested as con-
tributing factors in that event.
 Mills and Wu (1995) studied a flash flood event during the 
cooler months in the Adelaide Hills area of South Australia 
that resulted in the drowning of two people. In this case, it 
was argued that lifting over the Adelaide Hills would cer-
tainly have enhanced convection but that the convection 
itself resulted from warm low-level air in a ‘cold conveyor 
belt’ wrapping around the southern flank of an extratropi-
cal low under an area of decreasing static stability upstream 
of a tropopause undulation. An isentropic potential vortic-
ity analysis was conducted to suggest that in this case also, 
the intrusion of a potential vorticity anomaly occurred with 
the tropopause undulation and contributed to the decreased 
static stability and thus development of the convection lead-
ing to the flash flooding event.
 The synoptic pattern during the 27-30 January 2004 rain-
fall event was characterised by high-latitude ridging, the de-
velopment of easterly flow over Tasmania and the shearing 
of an upper-atmosphere cold pool from a weakening frontal 
trough. This cold pool subsequently moved east to northeast 
across northern Tasmania and Bass Strait and was associ-
ated with the various episodes of heavy rain that occurred 
during the three-day event. At least initially, the event seems 
to have been characterised by instability rather than broad-
scale up motion as values of total precipitable water were 
not exceptionally high. Intrusions of upper-level dry air coin-
cided with periods of rapid convective development during 
27 and 28 January. The influx of low-level moisture from the 
northeast during the 27th would also have contributed to a 
reduction in atmospheric stability at that time. A number of 
authors have documented cases of upper-level dry air, possi-
bly stratospheric intrusions, visible on satellite water vapour 
imagery or in model output, triggering or enhancing con-
vective activity on moving over a favourable low-level envi-
ronment. In addition to the Australian examples cited earlier 
that associated flash flooding with PV intrusions, Browning 
and Golding (1995), for example, describe a case of a meso-
scale dry intrusion influencing the development of a torna-
dic squall line in the British Isles.
 Precipitable water values for January, February and an-
nually over and around Tasmania are presented in Fig. 14 
(a) to (c). These are obtained from the NCEP-NCAR Reanal-
ysis data-set (Kalnay et al. 1996). Annual long-term mean 
precipitable water (Fig. 14 (a)) over northern Tasmania is 
between 16-17 kg/m2 (equivalent to atmospheric column 
mm). Values during January and February (Figs 14(b) and 
(c)) average 20-22 kg/m2. Forecasts obtained from the Bu-
reau of Meteorology high resolution numerical weather 
prediction model, MESOLAPS (Puri et al. 1998), during 
the event (not shown) indicate precipitable water values 
of 25-30 kg/m2 over northern Tasmania during 27 January, 
as storms developed over the central north of the State. 
These values increased steadily over the next day under 
the influence of persistent, deep easterly flow to exceed 30 

(a)

(b)

(c)

Fig. 13 (a) GOES-9 IR satellite imagery over southeastern 
Australia 1230 UTC 29 January. (b) GOES-9 WV im-
agery for the same time. (c) Surface observations in 
northeast Tasmania for 0400 UTC 29 January 2004. 
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kg/m2 over far northeastern Tasmania by 12 UTC 28 Janu-
ary, when Swan Island recorded high rainfall rates, with 
similar values extending over much of northern Tasmania, 
particularly the east coast, during the next 12 hours. The 
30 kg/m2 isopleth remained near the east coast throughout 
30-31 January. Given a good match between model output 
instability guidance (not shown) and satellite imagery, it is 
reasonable to assume the model forecast precipitable water 
estimates are representative of the actual values. These val-
ues are elevated relative to the long-term averages, but are 
not in themselves exceptional, and would not in isolation 
have been expected to produce intense rainfall. 

Comparison with other events

Rainfall
A database of 94 Tasmanian flood and flash flood events 
shows that while flood events can occur at any time of the 
year they are most frequent in the summer and early autumn 
months and least likely in the spring. Floods in the South Esk 
seem to be less frequent in September/October but are oth-
erwise spread through the year. Tasmanian record rainfalls 
for periods from five minutes to three days have all occurred 
during the warmer months, November to April, with the 
short-period records (less than six hours) being more likely 
during November to February and longer-period records 
(1-3 days) in March to April. 

Fig. 14 Long-term mean precipitable water analyses for: (a) the entire year; (b) January; and (c) February.

(a)

(b)

(c)
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 The rainfall record at Western Creek (which received the 
highest recorded Tasmanian rainfall in the 24 hours to 2200 
UTC 27 January, 156 mm) was examined to place the event of 
27-28 January in context. Western Creek lies at 420 m above 
sea level on the northern slopes of the Great Western Tiers, 
and is thus sometimes subject to heavy rainfall particularly 
as moist northerly air masses ascend the Tiers. Its record 
commenced in May 1964.
 Rainfall in excess of 50 mm in the 24 hours to 9 am oc-
curred on some fifty occasions between 1964 and 2006. The 
rainfall recorded on 28 January was the highest recorded in 
that set. What is perhaps most notable is that it was the high-
est recorded by a considerable margin. The previous highest 
such rainfall reading was 95.4 mm on 4 May 1997, and only 
ten (including 28 January 2004) exceeded 70 mm. The four 
events in which 90 mm or more rainfall was recorded have 
all occurred since 1992.
 Most (41 cases) of the events resulting in greater than 50 
mm occurred in a northerly or northwesterly flow ahead 
of a low pressure system, cold front or both. One event oc-
curred in northeasterly flow ahead of an active front associ-
ated with a ‘tilting trough’, which also spawned a damaging 
tornado during its passage across northwestern Tasmania 
(Fox-Hughes et al. 1996). Eight events, including 27-28 Janu-
ary 2004 and one other of the four events in which 90 mm 
or more was recorded, occurred in the northeast to easterly 
flow associated with an easterly dip.
 Rainfall records from Low Head were also examined.  
Low Head lies on the north coast at the mouth of the Tamar 
River. Low hills rising 100–200 m lie 5–10 km southwest and 
southeast of the site. The lighthouse at Low Head reported 
rainfall from 1877 to 2001, and an automatic weather station 
(AWS) was installed in 1997.
 Events of 50 mm or more rainfall in the 24 hours to 9 am 
were again considered, of which there were 18 since 1877, 
and only 11 since May 1964, the start of records at Western 
Creek. The latter’s siting, as noted above, makes it a more 
natural location for heavy rainfall events, and the fact that 
it has recorded almost five times the number of heavy rain 
events as Low Head since 1964 is perhaps unsurprising. The 
record 24-hour rainfall for Low Head occurred in February 
1946, and the total for the 24 hours to 9 am 28 January 2004 
was the second-highest daily value recorded.
 An examination of the synoptic situations accompany-
ing the heaviest rainfall at Low Head showed a very similar 
spread of synoptic patterns to that at Western Creek. Readily 
accessible MSLP analyses have been archived online by the 
National Meteorological and Oceanographic Centre of the 
Bureau of Meteorology for the period since 1964. Five events 
were associated with northeast to easterly flow in easterly 
dips, and the remainder with north to northwesterlies ac-
companying the passage of lows or fronts in the westerlies.
 The proportion of easterly dip situations in the Low 
Head heavy rainfall history is higher than is the case with 
Western Creek. This may be the case for one or both of two 
reasons. Air mass uplift in some easterly dip events may 

be higher than is the case in many frontal or prefrontal en-
vironments. In many cases, orographic lifting of the pre-
frontal air mass may be required to cause heavy rainfall, a 
mechanism which is active in northerly quarter airstreams 
at Western Creek but not at Low Head. Alternatively, coast-
al convergence in the northeast to easterly flow associated 
with an easterly dip along the east-northeast oriented coast 
near Low Head may contribute to higher rainfall in such 
events. (It should be noted, however, that the evidence for 
coastal convergence during the afternoon and evening of 
27 January 2004 is at best marginal. Radar imagery, for ex-
ample, indicates that some convective cells intensified as 
they approached the north coast in the east-northeasterly 
stream during the event, but it was certainly not a domi-
nant feature of the situation.) 

High latitude ridging
It has been noted in the past that strengthening of a high lati-
tude ridge often precedes the formation of a significant rain-
producing cut-off low pressure system near Tasmania. Since 
1948 (when Macquarie Island observations commenced) it 
is possible to identify thirteen events producing 200 mm or 
more in 24 hours in the Gray/St Marys area (and perhaps 
another ten with 150-200 mm in 24 hours). In the three days 
prior to all events in which 200 mm or more was record-
ed the MSLP at Macquarie Island rose to at least 1018 hPa 
(mean 1025.1 hPa) and at some point during that three-day 
period rose by at least 15 hPa (mean 20.7 hPa) in 24 hours. To 
put this in perspective, Macquarie Island MSLP reaches or 
exceeds 1018 hPa on 7.3 per cent of observations and 1025 
hPa on 1.4 per cent of observations. Applying a rather more 
stringent criterion, Macquarie Island pressure has risen by 
15 hPa or more in 24 hours to reach at least 1018 hPa on 
463 occasions during the past 57 years – an average of about 
eight times a year.
 Prior to the event under investigation, MSLP at Macqua-
rie Island rose from 988 hPa early on the 24th to be 1008 hPa 
24 hours later, then rose to 1019 hPa after a further 24 hours.  
The extent of this ridging is broadly evident from Fig. 7.

Upper winds
Local research carried out in the Tasmanian Regional Of-
fice of the Australian Bureau of Meteorology examined the 
rainfall rate at Gray during ‘heavy rain’ situations and at-
tempted to correlate it with various surface and upper-air 
parameters. The best correlation (r = 0.43) was with the Ho-
bart 5000 ft wind easterly component. (It should be noted 
that Mt Arthur, Mt Barrow and Ben Lomond affect low-level 
winds from between northeast and southeast at Launceston, 
contaminating wind flight data available historically from 
this site and more recent wind profiler data during easter-
ly weather events.) The highest rainfall intensity at Gray in 
the data-set used (about 25 mm/h) was observed to occur 
when the 5000-7000 ft winds at Hobart were east-northeast 
at about 40-45 kn. Rain at Gray ceased abruptly when winds 
swung through north to northwest.
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Summary

A weak low in the westerlies interacted with a pre-existing 
easterly dip over southeastern Australia in late January 2004.  
The resulting development caused heavy convective rainfall 
in northern and northeastern Tasmania, with record rainfalls 
at a number of locations, and rainfall return periods in excess 
of one hundred years in some places. More than $5.6 million 
damage occurred to property and agricultural produce.
 Intrusions of upper-level dry air over a warm, moist sur-
face layer were associated with successive bursts of con-
vective instability. These were focused by mechanisms in-
cluding topography and a moisture discontinuity, to permit 
trains of thunderstorm cells to pass over the same location in 
succession, with resulting sustained heavy rainfall. This was 
despite ambient precipitable water values that, while being 
above the long-term mean, were unexceptional.
 Comparison with the historical record shows that high 
latitude ridging is a common feature of heavy rainfall events 
involving the development or passage of a low pressure sys-
tem to the northeast of Tasmania.
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