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ABSTRACT 

Australia experienced record-breaking rainfall in 2010–11 during one of the strongest La Niña 

events on record, with extensive and repeated severe flooding affecting large parts of the country. 

Intense and extreme rainfall events occurred in Tasmania on 10–11 August 2010, 12–14 January 

2011, 23–24 March 2011 and 10–13 April 2011. This paper analyses the event of 12–14 January 

2011, when exceptionally heavy rain fell in northern Tasmania with event totals reaching over 

300 mm in some parts of the northwest and northeast. Observations are examined, and ACCESS-A 

model data are used to investigate the mechanisms causing the heavy rain. 

 

The air mass over the state during this event was exceptional with upper temperatures and dew 

points reaching levels more typically found in the tropics during the wet season and never before 

recorded over Tasmania. Precipitable water values also reached record high levels and were part of 

an atmospheric river extending over Tasmania from the tropics. Strong onshore winds in the low-

levels interacting with Tasmanian topography, the right-exit and left-entrance regions of upper-level 

jets and an active trough provided the triggers to release this moisture 
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1. INTRODUCTION 

Very heavy rain fell in northern Tasmania between 12 and 14 January 2011. The highest rainfall1 over 

three days was 365 mm at Falmouth (Glencoe), but Scamander, Lake Mackenzie, Penguin (Mount 

Gnomon) and St Helens (Kellraine) also all recorded over 300 mm (Table 1).  

Table 1 Highest ten rainfall totals (mm) from Tasmanian sites in the official Bureau of Meteorology database for 
the 72 hours to 2200 UTC 14 January 2011. The daily totals for each of these three days are also given in the 
corresponding columns.  

Site 
Total rainfall 

(mm) 
To 2200 UTC  

12 January 2011 
To 2200 UTC  

13 January 2011 
To 2200 UTC  

14 January 2011 

Falmouth (Glencoe) 365.0 282.0 74.0 9.0 

Scamander 344.4 265.0 70.8 8.6 

Lake Mackenzie 340.2 92.0 163.4 84.8 

Penguin (Mount Gnomon) 306.8 150.2 124.6 32.0 

St Helens (Kellraine) 303.4 250.0 44.2 9.2 

Beaumaris (Skyline Drive) 297.0 200.8 96.0 0.2 

Goulds Country 291.8 187.8 71.0 33.0 

South Riana (Jansens Road) 288.2 114.0 106.6 67.6 

Gray (Dalmayne Rd) 277.4 215.0 52.6 9.8 

Upper Scamander 276.4 205.4 60.0 11.0 

 

Elevated terrain in the northwest received over 200 mm, as did parts of the northeast near St Helens 

and Scamander, and over 100 mm fell throughout northern Tasmania except in the far northwest 

corner and parts of the central north. The highest daily totals (Table 2) were 282 mm at Falmouth 

(Glencoe), 265 mm at Scamander and 250 mm at St Helens (Kellraine), all recorded in the 24 hours to 

2200 UTC 12 January 20112. These totals all exceeded Tasmania’s previous highest daily rainfall 

for January of 247 mm at Mount Wellington (The Springs) on 30 January 1916. A number of other 

sites in the northwest and northeast had their wettest January day on record, and most of northern 

Tasmania had its wettest or near-wettest January on record (Tasmania and Antarctica Climate Services 

Centre 2011a, 2011b). Figure 1 shows locations referred to in this paper, while Error! Reference 

source not found. and Fig. 3 show the rainfall totals across Tasmania for the 72 hours to 2200 UTC 

14 January and 24 hours to 2200 UTC 12 January respectively.  

 

                                                      
1 In this paper, all rainfall figures are from the official Bureau of Meteorology database (which includes some 
data from external water authorities).  
2 Note that the local time in Tasmania during this event was 11 hours ahead of UTC time, so that 
2200 UTC corresponds to 0900 local time the next day. 
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Table 2 Highest daily rainfall totals (mm) from Tasmanian sites in the official Bureau of Meteorology database 
between 12 and 15 January 2011. All of the values listed occurred in the 24 hours to 2200 UTC 12 January 2011 
except for Lake Mackenzie, which occurred in the 24 hours to 2200 UTC 13 January 2011. 

Site Daily rainfall (mm) 

Falmouth (Glencoe) 282.0 

Scamander 265.0 

St Helens (Kellraine) 250.0 

Gray (Dalmayne Rd) 215.0

Upper Scamander 205.4

Beaumaris (Skyline Drive) 200.8 

Goulds Country 187.8 

Chain Of Lagoons 166.8 

Cornwall 166.0 

Lake Mackenzie 163.4 
 

The rain caused severe flash flooding in the northeast on 13 January, followed by extensive flash 

flooding in the northwest on 14 January with significant damage (Tasmania and Antarctica Climate 

Services Centre 2011a, 2011b). Impacts were especially severe around St Helens, Scamander, Railton, 

Riana, Penguin, Wynyard, Forth, Gunns Plains and Cooee. St Helens was isolated as water flooded 

surrounding roads and washed away several sections of the Tasman Highway. Roads, rail lines and 

bridges in the northwest were washed away, isolating some families for several weeks, and tourist 

attractions such as the caves at Gunns Plains and Wings Wildlife Park were inundated with water and 

temporarily closed to the public. On 14 January around 120 homes and businesses in the northwest 

were evacuated and over 50 Railton properties were damaged as over a metre of water flowed through 

the main street. Farmers were also severely affected with several losing around half their crop. 

Newspaper reports at the time estimated the damage bill at around $20 million statewide (Dolan 

2011). There was also flooding of rivers including major flooding in the Mersey and Meander rivers, 

moderate flooding in the Forth, South Esk, and lower reaches of the Macquarie rivers and minor 

flooding in the North Esk River. Flooding persisted in the South Esk river basin until 18 January. 

 

This rainfall occurred during one of the strongest La Niña events on record (Beard et al. 2011) and a 

period when heavy rain and severe flooding affected widespread areas of Australia. On a regional 

scale these events have been discussed in several Special Climate Statements issued by the Bureau of 

Meteorology (for example National Climate Centre 2011, 2012) and more recently by Evans and 

Boyer-Souchet (2012). The present paper examines in detail the situation in Tasmania on 12–

14 January 2011. Such studies aid in future climate and forecasting efforts by identifying potential 

situations for heavy rainfall and the mechanisms involved. They also form part of the historical record. 
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(a)                                                       (b) 

 

 

 

 

 

   

 

 

 

(c)                                                         (d) 

Fig.  1 Maps showing locations mentioned in the text. Shading depicts areas greater than 700 metres above 
sea level. (a) Australia, with an inset of Tasmania. The shaded boxes showing northwest and northeast 
Tasmania indicate the areas of (b) and (c). (b) Northwest Tasmania (c) Northeast Tasmania, with a 
shaded box indicating the area of map (d). (d) Upper East Coast of Tasmania. 
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Fig.  2 Tasmanian rainfall totals (mm) for the 72 hours to 2200 UTC 14 January 2011. Figure 
produced by the National Climate Centre, Australian Bureau of Meteorology using the AWAP 
analysis. Note that the analysis process used to generate this figure smooths out extreme 
values. 

 

Fig.  3 Tasmanian rainfall totals (mm) for the 24 hours to 2200 UTC 12 January 2011 (note that the 
local time in Tasmania during this event was 11 hours ahead of UTC time, so that 2200 UTC 
corresponds to 0900 local time the next day). Actual reports suggest the area over 100 mm in 
the northwest may have been larger, while the area of greater than 50 mm most likely did not 
extend as far west as shown. Figure produced by the National Climate Centre, Australian 
Bureau of Meteorology using the AWAP analysis. 
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1.1 Previous studies of heavy rainfall in Australia 

Previous studies around Australia have identified a number of different factors that can lead to heavy 

rainfall. Near-stationary thunderstorms were found to be instrumental in the torrential rainfall in Coffs 

Harbour on 31 March 2009 (Speer et al. 2011) and in the flash-flooding in southeast Queensland on 9 

March 2001 (Muller and Malone 2004). Davidson et al. (2001) found that a combination of upper and 

lower-level disturbances caused the heavy rainfall in northern Victoria on 3 October 1993. 

Contributing factors included a cut-off low pressure system, low-level jet, negatively-tilted upper-level 

trough, split jetstream and unstable troposphere. A combination of upper and lower factors were also 

responsible for flooding of the Torrens River System on 29 August 1992 (Mills and Wu 1995). In that 

case, cold air advection in the upper troposphere immediately ahead of an isentropic potential vorticity 

anomaly combined with low-level warm air advection to destabilise the troposphere. 

 

Low pressure systems are often associated with heavy rainfall (eg. Speer et al. 2009). Mesoscale low 

pressure systems can cause heavy rain by strengthening convergent surface winds over a localised 

area. This was the case in the Wollongong flash floods of 15–19 August 1998 (Evans and Berwick 

2001) and in the flash-flooding near Dapto on the New South Wales coast on 18 February 1984 

(Shepherd and Colquhoun 1985). Topographic lifting and upper troughs were also important factors in 

both these events. Heavy rainfall can also develop near synoptic-scale low pressure systems, known as 

east coast lows when they occur near the east coast of Australia. Mills et al. (2010) studied the east 

coast low of 8 June 2007 that caused nine deaths, major flash-flooding and coastal erosion, and 

beached the Pasha Bulker bulk coal carrier in Newcastle. They found that wave-like structures 

observed on radar imagery were related to changes in rainfall intensity. In the study of Holland et al. 

(1987) east coast lows were found to be coupled with poleward high pressure ridges; a similar pattern 

has been noted in Tasmania, where high-latitude ridges often form to the south a few days before a 

cut-off low pressure system brings heavy rain to the northeast (Fox-Hughes 2009).  

1.2 Previous studies of heavy rainfall in Tasmania 

Most previous studies of heavy rainfall in Tasmania have involved slow-moving thunderstorms or 

thunderstorm cells repeatedly forming in the same area. Fox-Hughes (2009) considered the heavy rain 

in northern Tasmania on 27–30 January 2004 and Batt (2014) the locally heavy rain in the northeast 

on 28 May 2010. Both found that convection resulting from intrusions of upper-level dry air over a 

warm, moist surface layer was focussed into certain areas by topography, causing heavy rain to fall as 

cells repeatedly formed in the same location. A Bureau of Meteorology report (1975) suggested near-

stationary thunderstorms influenced by topography in a very moist environment were the main factors 
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producing Tasmania’s wettest day on record on 22 March 1974, when 352 mm fell in 24 hours at St 

Marys (Cullenswood); and Jessup and Fox-Hughes (1991) found that heavy rainfall on 9 December 

1985 was most likely caused by a series of slow-moving, unorganised thunderstorms reaching peak 

precipitation intensity at about the same location. In the latter case, the passage of a trough that 

extended above 500 hPa created vertical motion that was locally enhanced by topography and several 

mesoscale low pressure systems over Tasmania.  

 

Pendlebury and Hart (1980) studied the event of 27 March 1977, when over 100 mm fell in parts of 

northwestern Tasmania in the early hours of the morning causing severe flash-flooding. This event 

was a little different as thunderstorms were not specifically mentioned in their report and the synoptic 

situation was more dynamic. Rainfall was attributed to the release of potential instability by upmotion 

associated with warm air advection around the western flank of a cut-off low. As the heaviest rain fell 

in a relatively flat area, orographic lifting and the development of a mesoscale low near the northwest 

coast are listed as secondary sources of upmotion. The potential instability in this event was created 

when a low-level conveyor belt of high wet-bulb potential temperature was overridden by advection of 

low wet-bulb potential temperature air associated with a cold pool, similar in this respect to the events 

studied by Fox-Hughes (2009) and Batt (2014).  

 

In all of these Tasmanian studies, surface moisture was high but precipitable water values were not 

exceptional. This paper shows that surface moisture was also high between 12 and 14 January 2011, 

but the mechanisms causing heavy rain were quite different and precipitable water values over 

Tasmania reached record levels. 

1.3 Comparison of 12–14 January 2011 with other heavy rainfall 
events in Tasmania 

It is interesting to compare the event of 12–14 January 2011 with other heavy rainfall events in 

Tasmania.  
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Table 3 lists the ten highest daily rainfall totals on record for Tasmania, and shows that Falmouth’s 

282 mm in the 24 hours to 9 am on 13 January 2011 ranks eighth highest. Apart from the December 

1993 event, all of the top ten rainfall totals occurred in La Niña years. All involved easterly troughs or 

low pressure systems moving near Tasmania.  
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Table 3 Top ten highest daily rainfall totals ever recorded in Tasmania with dates. Totals are for the 24 hours to 
9 am (local time) on the date given. 

Site Date Daily rainfall (mm) 

St Marys (Cullenswood) 22/03/1974 352.0 

Mathinna (Fingal Road) 5/04/1929 336.6 

Gray (Dalmayne Rd) 24/03/2011 327.2 

Goulds Country Post Office 5/04/1929 308.1 

Falmouth (Glencoe) 23/12/1993 289.0 

St Marys (Cullenswood) 5/04/1929 282.4 

Falmouth (Glencoe) 13/01/2011 282.0 

Riana (Pine Road) 5/04/1929 281.4 

Gray (Craigie-Lea) 23/12/1993 277.2 

Gray (Craigie-Lea) 4/11/1975 273.0 

 

Most of these extreme rainfall events were similar in that relatively heavy rain fell over quite large 

parts of Tasmania, breaking daily rainfall records at several sites and producing decile ten monthly 

rainfall totals over much of the state. Interestingly it is the event of March 1974, that gave Tasmania 

its highest daily total of 352 mm at St Marys (Cullenswood), that differs. The heavy rainfall in March 

1974 was mostly produced by thunderstorms and confined to a relatively small area in northeast 

Tasmania. Few daily rainfall records were set on this day, and the monthly rainfall totals over the state 

for March 1974 were unremarkable with only small parts of Tasmania recording decile ten rainfall and 

some areas having a drier than usual month. This highlights the fact that heavy rainfall in Tasmania 

can be caused by either local processes producing relatively limited areas of heavy rain or broadscale 

processes producing widespread rain. Even during broadscale events, such as 12–14 January 2011, 

local effects can focus heavier rain into certain areas. 

1.4 Organisation of the paper 

The paper is organised as follows. Section 2 reviews the remote drivers of Australian and Tasmanian 

rainfall and explores the state of the atmosphere in January 2011, and in particular on 12-14 January. 

Section 3 then discusses in detail the rainfall that occurred, the sequence of events leading up to and 

during this time, and uses ACCESS-A (the Bureau of Meteorology’s then operational Australian 

Community Climate and Earth-System Simulator numerical weather prediction model over the 

Australian domain, Bureau of Meteorology 2010) to provide more insight into the meteorology of the 

event and the mechanisms for the heavy rain. This section is split into four subsections, each exploring 

a different aspect of the event and having a different mechanism for the heavy (or not so heavy) rain 

during those times. 
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2. CLIMATOLOGICAL CONTEXT 

The heavy rainfall in Tasmania during January 2011 occurred during one of the strongest La Niña 

events on record. This section examines this, and other, drivers of Australian and Tasmanian rainfall 

and their state and impact leading up to and during the January 2011 Tasmanian heavy rainfall event. 

2.1 Climatological drivers of rainfall in Australian region, and 
their state and impact leading up to January 2011 

Australian rainfall patterns are remotely influenced by several atmospheric and oceanic factors 

including the El Niño-Southern Oscillation (ENSO), Indian Ocean Dipole (IOD), Southern Annular 

Mode (SAM), Madden Julian Oscillation (MJO) and atmospheric blocking (Risbey et al. 2009 and 

references therein). Of these, ENSO explains the greatest amount of variability in Australian rainfall, 

particularly over the north and east of the country. El Niño events generally lead to drier than usual 

conditions over the eastern half of Australia in winter and spring, while La Niña often brings above-

average rainfall to most of the country in winter and spring with a weaker but still noticeable effect in 

summer. 

  

Between July 2010 and May 2011 one of the strongest La Niña events since records began in the late 

1800s developed in the Pacific Ocean (Beard et al. 2011). The monthly Southern Oscillation Index 

(SOI; Troup 1965) rose to +20.5 during July 2010 and hovered between +16.4 and +27.1 for the next 

nine months. The October, December, February and March SOI values were the highest on record for 

these months, and several other monthly values were the second or third highest on record (Lovitt 

2011; Imielska 2011). There were also record or near-record low sea surface temperatures in the 

tropical Pacific Ocean, with record or near-record high sea surface temperatures around eastern and 

northern Australia as discussed by Evans and Boyer-Souchet (2012). It has been suggested by Cai and 

van Rensch (2012) that this La Niña corresponded with the transition of the Pacific Decadal 

Oscillation to a negative phase. Cai and van Rensch indicate that in parts of Australia, increased 

rainfall during La Niña episodes only occurs during the negative phase of the Pacific Decadal 

Oscillation. 

 

In addition to this extraordinarily strong La Niña, a negative IOD was present in the Indian Ocean 

from late August 2010 until late November 2010 and the SAM was positive from March 2010 until 

February 2011, reaching record high levels for several months between June and November. Negative 

IOD events are associated with above-average rainfall over much of southern Australia in winter and 

spring, and positive SAM increases the likelihood of above-average rainfall over large parts of 
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Australia in spring and summer (though rainfall is more likely to be below-average in the far 

southwest and southeast of Australia in winter). 

 

All of these factors combined to produce one of the wettest periods in Australia’s recorded history 

(Fig.4) with extensive and repeated severe flooding over large areas. After the wettest September, 

December and March on record for Australia, and the second-wettest October and February, 

widespread flooding developed in many parts of eastern and northwestern Australia with numerous 

rivers reaching record levels. Some of the most devastating flooding occurred in southeast Queensland 

during the second week of January, with extensive property damage and loss of life around Grantham 

and Toowoomba. Brisbane recorded its second-highest flood level in the last 100 years, 

behind January 1974. Five severe tropical cyclones affected Australia including tropical cyclone Yasi, 

the strongest cyclone to make landfall in Queensland since 1918, and tropical cyclone Carlos that 

brought 24-hour rainfalls in excess of 300 mm to the greater Darwin area.  Some of these events are 

summarised in the Bureau of Meteorology’s Special Climate Statement 24 (National Climate Centre 

2011).  

 

Fig.  4 Australian rainfall deciles for the period August 2010 to April 2011, during one of the strongest 
La Niña events on record. Large parts of Australia had record high rainfall during this period. 
Southwest Western Australia is the only area with significantly below average rainfall. Figure 
produced by the National Climate Centre, Australian Bureau of Meteorology using the 
Australian Water Availability Project (AWAP) analysis (Jones et al. 2009). 
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La Niña conditions in the Pacific Ocean declined during May 2011 but re-emerged during spring 2011 

(Bureau of Meteorology 2011b), again bringing well above-average rainfall to much of Australia with 

significant flooding. Behind 1974, 2011 and 2010 are now Australia’s second and third wettest years 

on record (National Climate Centre 2012). 

 

It is not unusual for record high rainfalls and extreme flooding to occur during very strong La Niña 

years. Since records began in the late eighteenth century, only three La Niña events (1917–18, 1955–

56 and 1975–76) have reached a similar strength to the 2010–11 La Niña. Each occurred as part of an 

extended La Niña period lasting two or three seasons (1916–18, 1954–57 and 1973–76), and all were 

associated with heavy rainfall and flooding in widespread areas of northern and eastern Australia. As 

part of these events, record high rainfalls fell over large parts of eastern Australia from June 1916 

to January 1918, widespread decile ten rainfall was recorded in eastern Australia between April 1954 

and January 1957 with particularly severe flooding in New South Wales during February 1955, and 

Australia had its wettest month and Brisbane its worst flood on record in January 1974 

(http://www.bom.gov.au/climate/enso/lnlist/).  

2.2 General influence of climatological drivers on Tasmanian 
rainfall 

Large-scale climatic drivers such as ENSO, the IOD and SAM also have some influence on 

Tasmanian rainfall. La Niña events tend to bring above-average rainfall to the north and east, mainly 

during winter and spring, negative IOD years are more likely to be wetter than usual across most of 

the state and a positive SAM generally produces drier than usual conditions in the west, particularly in 

spring, with some evidence of wetter than usual conditions in the east during spring and summer 

(Hendon et al. 2007). 

 

In the case of a very strong La Niña, the relationship with Tasmanian rainfall appears to strengthen. 

Figure 5 shows Tasmanian rainfall deciles for the nine-months when the SOI was the highest during 

each of the four strongest La Niña years, including 2010–11 (note that these periods are not 

necessarily when the heaviest rain fell). All show above-average rainfall across nearly all of the state, 

with well above-average totals through most of the north and east. The highest daily rainfall ever 

recorded in Tasmania—352 mm at St Marys (Cullenswood) on 22 March 1974—occurred as part of 

the 1973–76 extended La Niña (Bureau of Meteorology 1975). 
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Fig.  5 Nine-month Tasmanian rainfall deciles during each of the four strongest La Niña events on record. The 
nine-month period was chosen to correspond to the period when the SOI was the highest. The scale is 
as in Fig.4. Decile maps were produced by the National Climate Centre, Australian Bureau of 
Meteorology using the AWAP analysis. 
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2.3 Impacts of climatological drivers on this event 

In the months leading up to January 2011, a very strong La Niña, a strongly positive SAM and a 

negative IOD combined to bring above-average rainfall to most of Tasmania, particularly in the north 

during the final three months of 2010 (Fig.6). Instances of heavy rain also occurred during the 

development of the La Niña, such as the May 2010 event discussed by Batt (2014). In January 2011 

soil dryness indices (Mount 1972), which give an indication of the amount of rainfall needed to 

saturate the ground and are used operationally by the Bureau of Meteorology for fire weather 

forecasting and hydrology, were much lower than usual after the ground was saturated in mid-

December. In addition, the 2010–11 La Niña was near its peak (Bureau of Meteorology 2011a) and 

sea surface temperatures around eastern Australia were well above average. These factors combined to 

provide an environment ripe for extreme rainfall and flooding in northern Tasmania during January 

2011.  

 

Fig.  6 Tasmanian rainfall deciles for (a) July to December 2010 and (b) October to December 2010. The scale 
is as in Fig.4. Decile maps were produced by the National Climate Centre, Australian Bureau of 
Meteorology using the AWAP analysis. 

The potential was realised on 12 to 14 January 2011, when favourable weather patterns transported 

tropical air southwards and over Tasmania, resulting in the warmest and most moist air mass ever 

recorded over the state, as discussed below. The conclusion is based on satellite precipitable water 
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measurements and observations from Hobart Airport (the only location in Tasmania with upper air 

temperature measurements)3. It is interesting to note that the highest daily rainfall totals in Tasmania ( 

  

                                                      
3 Temperatures and dew points at standard pressure levels have been measured at Hobart Airport since 
October 1953, with generally one measurement per day until 1962 and then twice-daily readings. 
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Table 3) didn’t occur on days of record high upper temperature or dew points (Table 4 and Table 5 

discussed below) – emphasising the need for strong dynamical forcing combined with high moisture to 

produce extremely heavy rain. This is the subject of Section 3. 

Table 4 Peak temperatures reached over Hobart Airport at various levels between 12 and 14 January 2011, the 
January and annual anomaly of this value and a comparison to the highest value on record. 

Level 
(hPa) 

Highest temperature 
reached 12–14 January 

2011 (°C) 

Anomaly (°C)  
January      Annual  

Previous highest temperature 
on record (°C) with date 

Ranking of this 
event 

850 15.9 8.4 12.2 24.5 (9/12/2006) = 685 

700 10.6 9.7 14.1 13.4 (9/12/2006) = 12 

600 5.2 11.1 16.0 8.8 (14/12/1988) = 2 

500 -3.5 11.4 16.5 -3.8 (20/2/2004) 1 

400 -12.6 13.9 19.2 -12.6 (5/2/1973) = 1 

300 -24.5 16.9 21.9 -25.8 (20/1/1995) 1 

250 -30.0 19.1 23.0 -33.8 (3/3/2009) 1 

 

Table 5 Peak dew points reached over Hobart Airport at various levels between 12 and 14 January 2011, the 
January and annual anomaly of this value and a comparison to the highest value on record. 

 
Level 
(hPa) 

Highest dew point reached 
12–14 January 2011 (°C) 

Anomaly (°C)  
January      Annual  

Previous highest dew point on 
record (°C) with date 

Ranking of this 
event 

850 15.0 15.2 18.3 14.0 (several dates) 1 

700 8.0 21.9 25.1 8.0 (8/2/1997 & 19/2/2004) =1 

600 1.0 22.0 25.5 1.0 (8/2/1997) =1 

500 -5.0 24.3 28.0 -5.0 (21/2/1997) =1 

400 -15.0 24.0 28.0 -15.0 (21/2/1997) =1 

300 -30.0 24.0 29.3 -32.0 (several dates) 1 

250 -43.0 19.7 24.7 -43.0 (21/2/1997) =1 

  

2.3.1 Record high upper temperatures 

Figure 7 shows the air temperature at a number of standard pressure levels above Hobart Airport 

between 8 and 17 January 2011. The air mass gradually warmed from around 11 January, particularly 

at 250 and 300 hPa. Peak temperatures below 400 hPa were attained around 2300 UTC 13 January, 

while temperatures at 250 and 300 hPa peaked later at 1100 UTC 14 January.  
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Fig.  7 Upper air temperatures over Hobart Airport between 8 and 17 January 2011. The symbols in the box to 
the right show average January upper temperatures from Darwin Airport between 1995 and 2014, and 
highlights that peak values during this event reached tropical-like values. 

Peak upper temperatures measured at Hobart Airport during this event are listed in Table 4 and 

compared with historical values. The warmth of the atmosphere above 700 hPa was extraordinary, 

with temperatures 10 to 20 °C warmer than the long-term average and reaching values never before 

recorded over Hobart Airport. Surface temperatures, however, were cooler than usual during the day 

but warmer than normal at night, mainly due to cloud cover. 

2.3.2 Record high upper dew points 

Figure 8 shows upper dew points over Hobart Airport between 8 and 17 January 2011. The graph 

shows consistently high dew points at all levels between 10 and 14 January, apart from a brief drying 

around 400–500 hPa at 2300 UTC 12 January. The highest values all occur at 2300 UTC 13 January, 

coinciding with the warmest temperatures. This was followed by a rapid drying of the air mass as 

winds turned more westerly behind a trough. Of note is the amount of moisture in the air. Table 5 

shows dew points over Hobart Airport reached the highest or equal-highest values ever recorded and 

were 20 °C or more above average.  
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Surface moisture was also abnormally high, with dew points of 15 to 18 °C maintained across most of 

the state between 12 and 14 January, and reaching over 20 °C at a few sites in the southeast and in 

Bass Strait at times. Though much higher than the average January dew points of 8 to 11 °C for the 

state, these values were not record-breaking.  

 

Fig.  8 Upper dew point temperatures over Hobart Airport between 8 and 17 January 2011. The symbols in the 
box to the right show average January upper dew point temperatures from Darwin Airport between 1995 
and 2014, and highlights that peak values during this event reached tropical-like values. 

2.3.3 Record high precipitable water 

Precipitable water values measured from atmospheric soundings over Hobart Airport between 8 and 

17 January 2011 are shown in Fig. 9. Values hovered around 35 to 40 mm between 10 and 12 January, 

increasing to a peak of 56.0 mm at 2300 UTC 13 January then rapidly falling. This is the highest 

precipitable water value ever measured at Hobart Airport; only once before has it exceeded 50 mm 

(53 mm on 8 February 1997). The long-term January average precipitable water at Hobart Airport is 

19 mm. 

 

Satellite measurements of precipitable water show similarly high values. The Cooperative Institute for 

Meteorological Satellite Studies, part of the Space Science and Engineering Centre at the University of 

Wisconsin-Madison, produces a morphed integrated microwave image of total precipitable water 
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(MIMIC-TPW) for maritime areas. Precipitable water values are retrieved from microwave sensors on 

multiple polar-orbiting satellites and hourly images created by advecting each value for several hours 

using the modelled lower atmospheric winds (Wimmers and Velden 2011). 

 

Fig.  9 Hobart Airport precipitable water values between 8 and 17 January 2011 (calculated from atmospheric 
soundings). 

Figure 10 shows selected MIMIC-TPW images between 8 and 14 January 2011. At 0000 UTC 8 

January a swathe of very high precipitable water (50+ mm) extends down the east coast of Australia. 

The first burst of high precipitable water reaches Bass Strait around 0000 UTC 10 January, with a 

more intense burst appearing from 1200 UTC 11 January (this time is not shown). Very high values 

then persist in the area for over 60 hours before being swept away over the Tasman Sea on 14 January. 

The values in these images broadly agree with the values observed at Hobart Airport. 

 

The MIMIC-TPW images highlight the tropical origin of the air mass over Tasmania during this event. 

From 7 January (shown from 8 January in Fig.10), a stream of high precipitable water extends from an 

area of intense tropical activity near New Caledonia that included the tropical depression to later 

develop into tropical cyclone Vania. This “atmospheric river” reaches as far south as Tasmania 

between 12 and 14 January. Atmospheric rivers have been shown to be connected to heavy rainfall and 

flooding in many areas, including winter floods in Britain (Lavers et al 2011) and floods in California 

(Ralph et al 2006). 
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Fig.  10 MIMIC-TPW around Australia between 8 and 14 January 2011. Provided courtesy of UW-Madison 
SSEC/CIMSS. 

3. RAINFALL, SEQUENCE OF EVENTS AND MECHANISMS 

The heavy rainfall in northern Tasmania between 12 and 14 January 2011 fell in several “bursts”: first 

in the northwest from 0100 to 0500 UTC 12 January, then in the northeast from 0600 UTC until 

2400 UTC 12 January, and finally across the north from 1500 UTC 13 January. No heavy rain 

occurred between 0000 and 1500 UTC 13 January. This section considers each of these “bursts” 

separately, firstly looking at the rainfall totals and intensities that occurred during these periods, then 

documenting the observations and meteorological sequence of events that led to the rain, and finally 

using ACCESS-A to determine the mechanisms that caused the extreme rainfall in each case. 
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As throughout this paper, all rainfall figures were obtained from the official Bureau of Meteorology 

database (which includes some data from external water authorities). Average recurrence intervals 

(ARIs) were calculated using the Bureau of Meteorology’s Computerised Design Intensity-Frequency-

Duration Rainfall System (CDIRS), which is based on Australia Rainfall and Runoff (Pilgrim 1987).  

 

As the ACCESS-A model was run every six hours and only provided a forecast for the following 48 

hours, no single model run encompasses the entire event between 12 and 14 January. Hence the 

discussion is based on several successive 0000 UTC and 1200 UTC model runs. 

3.1 Heavy rain in the northwest: 0100 to 0500 UTC 12 January  

The first burst of heavy rainfall affected the northwest of Tasmania from 0100 to 0500 UTC 

12 January. Intense rain started at Wynyard around 0100 UTC 12 January, with rainfall rates of 8–

16 mm/hour persisting at the airport until 0500 UTC then easing.  The daily totals for the 24 hours to 

2200 UTC 12 January reached 150 mm at Penguin (Mount Gnomon), 115 mm at Wynyard Airport 

and 114 mm at South Riana (Jansens Road); daily values of this order have an ARI of around 20 to 50 

years. There were also widespread falls of 50 to 100 mm over much of the remainder of the northwest 

between Stanley and Devonport (Fig.3). Section 3.1.1 discusses the sequence of events leading up to 

and during this time, then section 3.1.2 considers the mechanisms that caused this heavy rain. (This 

format is repeated in the following sections for the other “bursts” of heavy rain). 

3.1.1 Sequence of events 

On 9 January 2011 a high pressure ridge became established to the south of Tasmania4. This ridge 

moved very little during the next few days, directing an increasingly moist airflow over the state. 

Simultaneously, a low pressure trough developed in the easterlies over Victoria and extended through 

Bass Strait. The location of both the high and trough were crucial factors in causing the heavy rainfall 

over Tasmania on the following days. 

 

The trough retrogressed slightly on 10 January, providing a trigger that led to rainfalls of 20 to 40 mm 

in the far northwest of Tasmania and on King Island. This was the wettest January day on record for 

some sites in this area, and gave some indication of the rainfalls to come. The low pressure trough 

persisted to the west of Tasmania for a number of days and combined with the high to the south to 

direct an extremely moist, tropical air mass over the state. By 1800 UTC 11 January a low centre 

                                                      
4 High-latitude ridging has been noted as a feature in other Tasmanian heavy rainfall events (Fox-
Hughes (2009)). 
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formed in the trough near the Victoria/South Australia border. This low moved slowly over the Great 

Australian Bight (the “Bight”) during 12 January (Fig.11). 

 

Fig.  11 MSLP analysis for 0000 UTC 12 January 2011. 

A moist easterly airflow blew across Tasmania on 12 January (Fig.12), with the orographic influence 

of the northeast highlands and Great Western Tiers causing the winds to veer southeasterly in central 

parts of the north. Between 0000 UTC and 0500 UTC winds on the coast in the central north shifted 

easterly and increased to 10 to 15 ms-1. This coincided with the heavy rain in the area. Dew points 

ranged from 15 to 17 °C in the west to 18 to 20 °C in the northeast.  

 

Fig.  12 Tasmanian Automatic Weather Station observations for 0300 UTC 12 January 2011 showing surface 
temperature (red, °C), dew point (blue, °C), rainfall since 9 am(green, mm) and wind barbs (black, 
knots). 
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In the upper levels a trough above 500 hPa over the Bight intensified from 9 January and by 

11 January merged with a retrogressing upper low that was initially located over southeast Queensland 

(this low was a major driver of the heavy rain in southeast Queensland). A closed low centre formed in 

the trough on 11 January and remained almost stationary over the head of the Bight on 12 January 

(Fig.13) at near its peak development. The system was almost vertically stacked. A marked subtropical 

jet formed on the eastern flank of the low with northwesterly winds at 250 hPa strengthening to over 

50 ms-1 on 12 January. The entrance region of another jet was located to the south of Tasmania on 

12 January. 

 

Fig.  13 250 hPa Australian region analysis for 0000 UTC 12 January 2011. Dotted lines are isotachs (in knots). 

Below 500 hPa, the pattern was similar to the surface with a high pressure ridge to the south of 

Tasmania cradling a low near the Victoria/South Australia border. The 850 hPa analysis (not shown) 

shows a local wind maximum of over 20 ms-1 in the northeasterlies to the southeast of the low. This 

local wind maximum moved over northwestern Tasmania during 12 January, coinciding with the 

heavy rain.  

 

Observations of upper winds over Tasmania are available from four wind finding flights (including 

two radiosonde soundings) at Hobart Airport and a wind profiler at Launceston Airport. Both show 

northeast winds up to around 600 hPa with northwesterlies at higher levels. This backing of winds 

with height (warm air advection) is consistent with ascent. The northeast winds at Launceston Airport 
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slowly strengthened leading up to 0500 UTC 12 January. Winds between 600 and 700 hPa gradually 

backed northwest to northerly during 12 January. 

 

The 2300 UTC 11 January atmospheric sounding from Hobart Airport (Fig.14, blue trace) shows a 

warm and moist troposphere that was almost fully saturated. Precipitable water was nearing 40 mm, 

double the average for January and in agreement with the precipitable water measurement from 

satellite imagery (Fig.10). 

 

Fig.  14 Aerological diagram for Hobart Airport, 1100 UTC 12 January 2011. The red lines indicate the 
temperature and dew point from 1100 UCT 12 January 2011, while the blue lines indicate the 
temperature and dew point 12 hours earlier (2300 UTC 11 January 2011). 

Both the satellite precipitable water imagery (Fig.10) and the water vapour imagery (Fig.15) show a 

tongue of moist air extending from the Coral Sea down the east coast of Australia and onto Tasmania. 

This moisture originated around New Caledonia on 7 January, near the low pressure system that later 
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developed into tropical cyclone Vania, noted above. On the water vapour imagery, the northern edge 

of this tongue appears to contain the most moisture with convective elements present. The heavy rain 

in the northwest occurred just before this northern edge crossed the north coast of Tasmania around 

0500 UTC 12 January.  

 

Fig.  15 MTSAT-2 water vapour satellite image for 0330 UTC 12 January 2011. A tongue and wedge of moist air 
referred to in the text are labelled. The ellipse indicates the striations/transverse banding referred to in 
the text. 

Also shown on the water vapour imagery is a wedge-shaped area of very moist air covering much of 

mainland Australia that moved slowly southwards towards Tasmania during 12 January. This moisture 

originated in the monsoon trough off the northwest coast of Australia on 10 January, near the area 

where tropical cyclone Vince developed on 12 January. The southern edge of this wedge developed 

striations/transverse banding that intensified and widened from around 2100 UTC 11 January. The 

location of the banding corresponds well with the core of the subtropical jet, with striations developing 

when the winds at the core reached over 50 ms-1. Feren (1995) suggested striations are associated with 

geostrophic adjustment near upper jet streaks; however Knox et al. (2010) surveyed papers on 

transverse banding in cirrus clouds and concluded that there is no consensus on why such bands form, 

although horizontal and vertical wind shear are often implicated and they often occur during or after 

intensification of weather systems. 



 AN ANALYSIS OF EXTREME RAINFALL IN NORTHERN TASMANIA, 12-14 JANUARY 201 

26 
 

 

The infrared (Fig.16) and visible (not shown) satellite images tell a similar story to the water vapour 

imagery, with cloud from the Tasman and Coral seas extending over Tasmania. A thicker band of 

cloud moved over the northwest coast between 0000 UTC and 0500 UTC 12 January coinciding with 

the heavy rain. Some cloud top temperatures at this time reached as low as -50 °C. Another mass of 

cloud moved southwards over eastern Australia, corresponding to but not as coherent as the wedge of 

moisture in the water vapour imagery. The striations/transverse banding seen on the southern edge of 

this band in the water vapour imagery are also evident on the infrared and visible satellite images. 

 

Fig.  16 MTSAT-2 infrared satellite image for 0330 UTC 12 January 2011. 

In January 2011 weather-watch radars in Tasmania were located at West Takone in the northwest and 

Hobart Airport in the southeast. Only the West Takone radar was able to capture useful data for this 

part of the event. The imagery shows an area of rain in Bass Strait approaching the state from 

1300 UTC 11 January, reaching the north coast from 1700 UTC then covering the whole state by 

0100 UTC 12 January. Some convective elements were evident in the northeast until 2000 UTC 

11 January. The heavy rain in the northwest corresponded with a more intense, northeast-southwest 

orientated rainband that reached the northwest just before 0100 UTC 12 January then continued to 
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move across the state during the next few hours (shown in Fig.17 for 0330 UTC). Behind this band, 

rainfall was more patchy.  

 

Fig.  17 West Takone base radar scan for 0330 UTC 12 January 2011. This corresponds to the time when 
rainfall at Wynyard Airport was most intense. 

3.1.2 Mechanisms for the rainfall 

ACCESS-A modelled the situation on 12 January reasonably well. Surface winds were predominately 

east to northeasterly, as observed. Rainfall predictions generally matched observations, with an 

increase in rainfall in the northwest from 0000 UTC. However, some model runs continued heavy rain 

in the northwest until around 1200 UTC 12 January, which is longer than was observed. Precipitable 

water values over Hobart Airport from ACCESS-A quite closely matched observations, and model 

dew points were within a degree or two of those observed. Above the surface, modelled winds and 
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temperatures also broadly agreed with observed values. Since the ACCESS-A model data broadly 

agrees with observational data, it can confidently be used to examine the atmospheric dynamics that 

caused the heavy rain in the northwest. The remainder of this section discusses what the ACCESS-A 

model data shows. 

 

At the time of the heavy rainfall in the northwest, a jet at 250 hPa was approaching from the northwest 

while another to the south of Tasmania was moving slowly eastwards (Fig.18). Tasmania was 

therefore located in an area favourable for upmotion, between the right exit region of the jet to the 

north and the left entrance region of the jet to the south, with a region of involuted flow between the 

two jets. A local maximum in northeasterly winds up to around 800 hPa moved over the northwest of 

the state from 2100 UTC 11 January (shown for 850 hPa in Fig.19), coinciding with the heavy rain. It 

is possible that the ageostrophic circulation around the entrance and exit regions of the jets enhanced 

these winds. Precipitable water reached a maximum along the axis of strong low-level winds, with 

values of around 50 mm moving over the north coast of Tasmania.  

 

Fig.  18 ACCESS-A (base 1200 UTC 11 January 2011) model winds at 250 hPa for 0600 UTC 12 January 2011. 
Winds speeds are shown in knots; in the text winds speeds are discussed in ms-1. The line AB indicates 
the location of the cross-section shown in Fig.20. 
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Fig.  19 ACCESS-A (base 1200 UTC 11 January 2011) model winds at 850 hPa for 0600 UTC 12 January 2011. 

Figure 20 shows a north-south ACCESS-A cross-section slicing through both Tasmania and the two 

jets at 0600 UTC 12 January 2012, the time of heaviest rain on the model. It indicates upmotion 

throughout the entire depth of the troposphere over northwest Tasmania. In the low levels, this was 

most probably caused by the strong, onshore flow interacting with the Tasmanian topography. In the 

upper levels, it was mostly likely associated with the interaction of the two jets. The upmotion 

throughout the troposphere and the high water content of the air produced very heavy rain over the 

northwest. Cross-sections of upmotion to the east and west of this location show similar values in the 

upper atmosphere but dramatically weaker upmotion in the lower levels. 

 

The model data also provides an explanation as to why winds shifted more easterly and increased in 

the central north during the time of heavy rain. It is likely that the shear-induced turbulence associated 

with the low-level wind maximum in conjunction with momentum transport by the heavy rain caused 

the stronger and more easterly gradient-level winds to mix to the surface. This local turning of the 
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winds created surface convergence, providing another source of uplift in the area and further 

enhancing the potential for heavy rain. This feedback loop continued until the local wind maximum 

was no longer present. 

 

Fig.  20 An ACCESS-A (base 1200 UTC 11 January 2011) cross-section of vertical velocity (ms-1) at 0600 UTC 
12 January 2011, through line AB on Fig. 18. The arrow indicates the location of the northwest coast of 
Tasmania (near Wynyard). Red indicates upmotion and blue indicates down-motion, with stronger 
colours indicating stronger 

The east to northeasterly direction of the strongest winds up to 800 hPa was almost perpendicular to 

western parts of the north coast but parallel to eastern parts of the north coast. This meant there was 

little uplift due to topographical effects in eastern areas and hence no heavy rain. In addition, the 

northwest coast was the first area of significant topography encountered by this air mass. When the 

same air mass moved over the Great Western Tiers it had already travelled over a significant area of 

land and shed some of its moisture so that rainfall in this area was not as heavy. Heavy rain did not fall 

in the far northwest as winds there were almost parallel to the coast, so there was little orographic 

influence and no low-level convergence, and the influence of the upper-level jets was further to the 

east. 

3.2 Heavy rain in the northeast: 0600 UTC until 2400 UTC 
12 January 

By 0600 UTC 12 January the heaviest rain in the northwest eased but was replaced by heavy falls in 

the northeast from around 0800 UTC. Intense rain fell around St Helens and Scamander, with the data 

logger at Upper Scamander recording 20–30 mm/hour from 1200 UTC until 1600 UTC. Upper 
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Scamander received 96 mm during these four hours, which has an ARI of 50 to 100 years. Heavy rain 

also fell around Gray (Dalmayne Rd), with a fairly steady rainfall rate of 12–22 mm/hour from 

0900 UTC until 2000 UTC 12 January, and a 24-hour total of 215 mm. A number of other sites had 

peak rainfall rates of around 10 to 20 mm/hour, mainly between 1100 UTC and 1500 UTC 12 January 

with another burst of activity between 2000 UTC and 2200 UTC.  

 

By 2200 UTC 12 January a narrow strip extending from north of St Helens to south of Ironhouse Point 

received over 200 mm (Fig.3) with totals reaching up to 282 mm at Falmouth (Glencoe), making it 

Tasmania’s wettest January day on record. An area extending around 30 km inland from the northeast 

tip of Tasmania to Chain of Lagoons had daily totals exceeding 100 mm. There were sharp rainfall 

gradients:  the automatic weather station at St Helens Aerodrome had 106 mm, less than half the rain 

reported just a few kilometres further inland. By 2400 UTC 12 January, rainfall across Tasmania had 

eased. 

3.2.1 Sequence of events 

During 12 January the low that formed near the Victoria/South Australia border moved 

southwestwards over the Great Australian Bight (Fig.21). At the same time, the ridge to the south of 

Tasmania, which was initially orientated east-west, moved eastwards and the axis tilted northeast-

southwest. 

 

Fig.  21 MSLP analysis for 1800 UTC 12 January 2011. 
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The easterly airflow over Tasmania gradually shifted more northeasterly, though southeasterlies 

persisted in central parts of the north (Fig.22). Wind speeds on the east coast increased slightly from 

0800 UTC 12 January as the pressure gradient tightened. Dew points remained high.  

 

Fig.  22 As in Fig.12 but for 2100 UTC 12 January 2011. 

In the upper levels, the low over the Bight remained near stationary and at near its peak development 

while a sharp trough approached the southwest of Australia. The subtropical jet moved southwards 

and at around 1200 UTC 12 January the right exit region was near northeastern Tasmania. The jet 

weakened slightly as it crossed Tasmania. At 2300 UTC 12 January winds of 47 ms-1 were measured 

at 250 hPa over Hobart Airport. 

 

The local maximum in east to northeast winds at around 850 hPa was maintained and moved over 

eastern Tasmania, increasing to 20 to 25 ms-1 at Launceston Airport between 1000 UTC and 

1300 UTC 12 January and at Hobart Airport by 1700 UTC. Winds at this level shifted northerly after 
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this maximum passed. The increase in winds in the northeast corresponded relatively well with the 

increase in rainfall. 

 

A warm and moist troposphere persisted over Hobart Airport (Fig.14, red trace). The upper 

troposphere became slightly more unstable due to a warming around 700 hPa but there was little 

change elsewhere. Precipitable water from the sounding was around 40 mm and satellite precipitable 

water estimates show the tongue of moist air persisted over Tasmania with precipitable water values of 

40 to 60 mm (Fig. 10(f)). 

 

On the water vapour imagery the tongue of moist air extending over Tasmania from the Tasman and 

Coral seas became more uniform and convective elements were no longer present (Fig.23). The band 

sheared apart as low level air was advected to the west and upper level air advected east. As this 

happened, the wedge of moisture over eastern Australia reached northern Tasmania around 1000 UTC 

12 January and crossed the south coast around 2000 UTC (corresponding with the subtropical jet 

core). The increase in rainfall in the northeast coincided with the wedge of moisture reaching the area. 

Striations persisted on the southern edge of this wedge but began to weaken around 1900 UTC, and 

the leading edge appeared to lose moisture as it moved across the state; this is consistent with the 

lighter rain recorded over southern Tasmania. Infrared satellite images (Fig.24) suggest cloud was 

thicker in the northeast between approximately 1000 UTC and 1700 UTC, when the rainfall was 

heaviest.  

 

Fig.  23 MTSAT-2 water vapour satellite image for 1030 UTC 12 January 2011. 
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Fig.  24 MTSAT-2 infrared satellite image for 1430 UTC 12 January 2011. 

The radar images from 0600 UTC 12 January show patchy rain across most of the state until 

2400 UTC. A more intense burst of rainfall occurred inland from St Helens around 1400 UTC 

12 January then moved over St Marys and Bicheno between 1500 UTC and 1600 UTC (Fig.25). 

Another more intense burst moved over the northeast around 1600 UTC, with an apparent increase 

from 1800 UTC that didn’t totally clear the area until 2400 UTC. Some convection is evident in the 

northeast between 1900 UTC and 2200 UTC (this was not clear from satellite imagery, but Hobart 

Airport’s sounding was slightly unstable and lightning was observed by lightning detection sensors). 

Note that northeastern Tasmania is at the periphery of the range of both the West Takone and Hobart 

Airport radars, hence only very significant echoes in this area are detected. 
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Fig.  25 West Takone base radar scan for 1430 UTC 12 January 2011. 

3.2.2 Mechanisms for the rainfall 

ACCESS-A continued to model the situation reasonably well during this period, with predominately 

east to northeasterly winds, turning more northeasterly from 1500 UTC and easing in all but the east, 

precipitation increasing significantly in the northeast from 0900 UTC 12 January as rain cleared the 

west, and precipitable water and dew points closely matching observations. However, the modelled 

rainfall in the northwest was too heavy for too long on some model runs, probably because drier air 

moved over the northwest earlier than forecast. Above the surface, modelled winds and temperatures 

broadly agreed with observed values although the modelled jet at 250 hPa passed over Hobart a few 

hours before the maximum observed winds. The model is used here to examine the mechanisms for 

the heavy rain in the northeast. 
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ACCESS-A model data shows the jet to the north of Tasmania continued moving southwards from 

0600 UTC 12 January, with the core crossing northern Tasmania around 1400 UTC (Fig.26) and 

reaching the south coast around 2300 UTC. The jet weakened as it crossed the state with the clearly-

defined core becoming more diffuse, consistent with the disintegration of the banding in the satellite 

images. The influence of the jet to the south gradually diminished as it continued moving eastwards.  

 

Fig.  26 ACCESS-A (base 0000 UTC 12 January 2011) model winds at 250 hPa for 1200 UTC 12 January 2011. 



AN ANALYSIS OF EXTREME RAINFALL IN NORTHERN TASMANIA, 12-14 JANUARY 2011 

 

 

Page    37 

The local maximum in east to northeast winds up to 800 hPa was maintained but gradually weakened, 

moving over the northeast of Tasmania by 1200 UTC (Fig.27) then reaching the southeast around 

2300 UTC. It is possible the ageostrophic circulations around the exit and entrance regions of the jets 

still contributed to this wind maximum, but this influence became weaker as the jet to the south moved 

away and the jet to the north weakened. There was a gradual backing of the winds up to 800 hPa, with 

near easterly winds initially shifting to near northerly by 2300 UTC.  

 

Fig.  27 ACCESS-A (base 0000 UTC 12 January 2011) model winds at 850 hPa for 1200 UTC 12 January 2011. 
The line CD indicates the location of the cross-section shown in Fig.28. 

Precipitable water in excess of 35 to 40 mm persisted over the state during this period, reaching 

50 mm in the northeast at times. Modelled atmospheric profiles show some instability in the middle 

troposphere over northeast Tasmania between 1500 UTC and 2300 UTC 12 January. 

 

Heavy rain fell in northeastern Tasmania between 0800 UTC and 2400 UTC 12 January with 

especially intense falls from around 1200 UTC until 1600 UTC. An ACCESS-A cross-section in the 

direction of the 850 hPa winds (Fig.28) shows strong upmotion in the low levels, triggered by the 
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strong onshore flow interacting with topography, along with higher-level upmotion that was most 

likely due to the influence of the jets and the atmospheric instability. Again, upmotion throughout the 

troposphere and the high water content of the air caused the heavy rain. The heaviest rain occurred as 

the jet was crossing northeastern Tasmania, and the rain became lighter as the jets moved away and 

the low-level winds eased and shifted more parallel to the coast.  

 

Fig.  28 An ACCESS-A (base 0000 UTC 12 January 2011) cross-section of vertical velocity (ms-1) at 1800 UTC 
12 January 2011, through line CD on Fig.27. The arrow indicates the location of the northeast coast of 
Tasmania (near St Helens). Red indicates upmotion and blue indicates down-motion, with stronger 
colours indicating stronger motion. 

Cross-sections through other sections of Tasmania at this time (not shown) all had relatively strong 

upmotion in the upper atmosphere, but in the lower levels upmotion varied according to the degree 

and strength of onshore flow and topography in the area. The strongest upmotion occured the northeast 

and coincided with the area of highest precipitable water, which led to the heaviest rain at this time. 

3.3 A break in the heavy rain: 0000 UTC until 1500 UTC 
13 January 

No heavy rain affected Tasmania between 0000 UTC and 1500 UTC 13 January.  

3.3.1 Sequence of events 

On 13 January another low moved over Victoria from the north while the first low moved slowly to 

the southwest (Fig.29). The high centre was located well to the southeast of Tasmania and the ridge to 

the south began to weaken. There was a temporary slackening in the pressure gradient. 
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A predominantly northeasterly airstream blew over Tasmania, though southeasterlies persisted in the 

central north until 0900 UTC. Winds were relatively light compared to the days before and after, but 

increased considerably in the northwest from around 1000 UTC. Dew points remained high. 

 

Fig.  29 MSLP analysis for 0600 UTC 13 January 2011. 

Winds in the upper troposphere remained northeast to northwesterly and also eased. Below 500 hPa 

this was because the low to the west moved further away while the high to the south moved over the 

Tasman Sea, while above 500 hPa the low over the Bight weakened and a high over southeast 

Queensland extended a ridge over Tasmania (Fig.30). Winds below 300 hPa from both the Hobart 

Airport atmospheric soundings and Launceston Airport profiler were at a minimum between 

2300 UTC 12 January and 0500 UTC 13 January. 
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Fig.  30 250 hPa Australian region analysis for 1200 UTC 13 January 2011. Dotted lines are isotachs (in knots). 

There was a slight drying around 400 to 500 hPa on the sounding from Hobart Airport at 2300 UTC 

12 January, but the air mass was saturated again by 1100 UTC 13 January. Upper temperatures 

continued to warm, and precipitable water increased from approximately 40 mm at 2300 UTC 

12 January to 50 mm by 1100 UTC 13 January. The water vapour imagery (Fig.31) shows Tasmania 

remained covered by very moist air. 

 

Fig.  31 MTSAT-2 water vapour satellite image for 0630 UTC 13 January 2011. 
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Infrared and visible satellite imagery show a relative break in the cloud between 2000 UTC and 

2400 UTC 12 January but then an extensive area of mid-to-high level cloud moved over Tasmania 

from the north and persisted for over 24 hours. There appears to have been some convection in the 

north around 0400 UTC to 0600 UTC 13 January. 

 

After the heavy rain in the northeast cleared by 2400 UTC 12 January, radar imagery shows little 

precipitation over Tasmania until a band of rain moved over the northwest coast around 0400 UTC 

13 January. This rain affected only the northwest and the band had broken up and become patchy by 

0600 UTC. Light echoes developed across most of the state from 0800 UTC, moving from northwest 

to southeast.  

3.3.2 Mechanisms for the rainfall 

Both ACCESS-A model data and observations had lighter precipitation generally confined to the north 

and east during the period 0000 UTC and 1500 UTC 13 January, although the easing in rainfall in the 

northeast was too slow on the model compared to observations. This is most likely due to model winds 

up to 700 hPa not easing as much as observed. The ACCESS-A data can used to examine the rainfall 

mechanisms during this period, keeping this in mind. 

 

Between 0000 UTC and 1500 UTC 13 January, both modelled and observed precipitable water 

remained high over northern and eastern Tasmania but there was no suitable trigger to release the 

atmospheric moisture. In the lower levels, winds were still northeasterly at the surface but backed to 

near northerly at 850 hPa so there was no onshore flow through a substantial depth of the troposphere. 

In the upper levels, a ridge moved over Tasmania and the jets had moved away so there wasn’t any 

strong upper level divergence. There was a considerable easing in wind strength at all levels. 

3.4 More heavy rain in the north: from 1500 UTC 13 January 

Further heavy rain affected the northwest of the state from 1500 UTC 13 January. Rainfall rates of 10–

15 mm/hour were maintained until 0200 UTC 14 January near the northern edge of the Great Western 

Tiers and in elevated areas of the northwest. Several sites received over 100 mm in 12 hours or less, 

including Sheffield School Farm (110 mm), Lake Gardiner Dam (137 mm) and Lake Mackenzie 

(183 mm). The ARI for rainfall of this intensity over 12 hours is less frequent than 1 in 100 years.  
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Similar rainfall intensities occurred on higher ground in the northeast from around 2200 UTC 

13 January until 0400 UTC 14 January at sites including Scottsdale (West Minstone Rd), Mount 

Barrow (South Barrow) and Mount Victoria (Una Plain). The rainfall was especially heavy at 

Diddleum (Sowters Road) between 2200 UTC 13 January and 0200 UTC 14 January with 101 mm 

falling during this time, which has an ARI over four hours of less frequently than 1 in 100 years. The 

rainband eventually cleared Tasmania by 0800 UTC 14 January and the weather across the state 

became mostly fine. 

3.4.1 Sequence of events 

From 1200 UTC 13 January, the low over Victoria moved almost due south and deepened, passing just 

west of Tasmania around 1800 UTC (Fig.32). It merged with the first low to the southwest of 

Tasmania by 0600 UTC 14 January as the associated trough crossed the state, providing a trigger for 

further heavy rain in the north. 

 

Fig.  32 SLP analysis for 1800 UTC 13 January 2011. 

Northeasterly winds continued to strengthen, reaching 10 to 15 ms-1 along the north and east coasts 

(Fig.33). A northwest change reached King Island around 1900 UTC 13 January then gradually moved 

across the state, with winds easing slightly behind the change and rainfall easing an hour or two after 

the change. Dew points remained high in the northeasterly airflow but slowly dropped behind the 

change. 
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Fig.  33 As in Fig.12 but for 1800 UTC 13 January 2011. 

In the upper levels, the low over the Bight continued weakening, while the sharp trough further west 

reached Western Australia (Fig.34). At the same time, the trough over the Bight became orientated 

from the northeast to southwest (that is, became negatively tilted) and moved eastwards, crossing 

Tasmania between 0000 UTC and 1200 UTC 14 January. The trough tilted westward with height. 

 

Fig.  34 250 hPa Australian region analysis for 0000 UTC 14 January 2011. Dotted lines are isotachs (in knots). 
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Upper winds strengthened markedly ahead of the trough, evident on both the Hobart Airport 

atmospheric soundings and the Launceston Airport profiler. Winds around 700 hPa at Launceston 

Airport, for example, increased from 5 ms-1 at 0500 UTC 13 January to 20 to 25 ms-1 by 2000 UTC 

13 January. North to northeast winds up to around 700 hPa gradually backed from 1800 UTC 

13 January, while northwesterlies above this shifted more northerly. 

 

The 2300 UTC 13 January atmospheric sounding from Hobart Airport was extraordinary (Fig.35, blue 

trace). Hobart Airport recorded its highest precipitable water (56 mm), and highest upper temperatures 

and dew points on record (see section 2.3). There was a significant drying and lower tropospheric 

cooling during the next 12 hours, as seen on the 1100 UTC 14 January sounding (Fig.35, red trace), 

with the precipitable water dropping below 20 mm. The satellite precipitable water images show a 

band with precipitable water values of 55 to 65 mm crossing Tasmania between 1200 UTC 13 January 

and 0700 UTC 14 January (Fig.10(g)). 

 

Fig.  35 Aerological diagram for Hobart Airport, 1100 UTC 14 January 2011 in red, 2300 UTC 13 January 2011 in 
blue. 
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Water vapour imagery shows Tasmania remained covered by very moist air until the northwesterly 

change brought drier conditions from 0300 UTC 14 January. There were pulses of higher water 

vapour, and a slight decrease in moisture in the rear 100 km or so of the cloudband.  

 

Infrared satellite imagery shows mid-to-high level cloud covering Tasmania with a band of brighter 

cloud extending from a very active area to the west moving over the northwest from around 1200 UTC 

13 January (Fig.36), bringing an increase in rainfall. The rear edge of this band reached the northwest 

tip of Tasmania around 1900 UTC, but was immediately replaced by another band that had been 

developing to the north and didn’t begin to clear until 0300 UTC 14 January. The visible images 

(useful from 2000 UTC) show the rear part of this cloudband was less convective than the remainder 

(Fig.37). Cloud top temperatures in the rear 100 km or so of this cloudband warmed around 10 °C and 

approached zero; rainfall eased as this cloud moved over the state. The mid-to-high level cloud totally 

cleared Tasmania around 0700 UTC 14 January. 

 

Fig.  36 MTSAT-2 infrared satellite image for 1430 UTC 13 January 2011. 
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Fig.  37 MTSAT-2 visible satellite image for 0230 UTC 14 January 2011. 

On the radar imagery a northeast-southwest orientated rainband, coinciding with the brighter cloud on 

the infrared satellite image, reached the northwest tip of Tasmania around 1300 UTC 13 January then 

moved slowly across the state. It appeared to intensify slightly over elevated ground in the northwest. 

Rainbands continued to move over the state from the northwest, becoming less active from 2200 UTC 

13 January. Eventually there was a clearance in the far northwest around 0200 UTC 14 January that 

reached the east around 0700 UTC (Fig.38). 
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Fig.  38 West Takone base radar scan for 0220 UTC 14 January 2011. 

3.4.2 Mechanisms for the rainfall 

Again, ACCESS-A model data broadly agreed with observations during this period and can be used to 

examine the atmospheric dynamics that caused the heavy rain. Slight discrepancies include the timing 

of the change on 14 January (which is a little slow on most model runs compared to observations), and 

clearance of the rainband on the model is later than observed. Also, the modelled precipitation in the 

northwest increased slightly earlier than observed, and modelled upper winds between 1800 UTC 13 

January and 0600 UTC 14 January were at times 5 to 10 ms-1 too strong. 

 

Both the model and observations suggested an approaching trough provided the trigger for the heavy 

rain that fell in the north during this time. Model data and observations both showed that winds at all 
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levels increased significantly as the trough approached. A band of stronger winds between the surface 

and 700 hPa reached the far northwest of Tasmania around 1500 UTC 13 January (Fig.39) and 

persisted until the passage of the trough. These stronger winds correspond with the heavy rain in the 

northwest (Fig.40) and later in the northeast. Precipitable water also increased as the trough 

approached, reaching over 60 mm in the north (Fig.41). 

 

Fig.  39 ACCESS-A (base 0000 UTC 13 January 2011) model winds at 850 hPa for 1500 UTC 13 January 2011. 

 

Fig.  40 ACCESS-A (base 0000 UTC 13 January 2011) modelled precipitation (mm/hr) for 1500 UTC 13 January 
2011. The highest values in red exceed 40 mm/hr. 
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Fig.  41 ACCESS-A (base 0000 UTC 13 January 2011) modelled precipitable water (mm) for 2100 UTC 
13 January 2011. The highest values in red exceed 60 mm. 

The location of the heavy rain between 1500 UTC 13 January and 0400 UTC 14 January appears to be 

dependent on the wind direction and its interaction with the Tasmanian topography. Low-level 

northeast winds in the northwest of the state were almost perpendicular to the topography, providing 

strong upmotion. In the east, however, northeast to northerly winds had only a small onshore 

component (Fig.39) so upmotion was weaker. Exceptions were the areas in the northeast influenced by 

north to northeast facing topography such as Mount Victoria and Mount Barrow. Upmotion was strong 

in these areas and heavy rainfall eventuated.  

4. CONCLUSION 

Record-breaking heavy rainfall affected northern Tasmania in a number of bursts between 12 and 

14 January 2011 causing severe flooding in both the northeast and northwest. The air mass over the 

state during this event was exceptional with upper temperatures and dew points reaching levels more 

typically found in the tropics during the wet season and never before recorded over Tasmania. 

Precipitable water values also reached record high levels and were part of an atmospheric river 

extending over Tasmania from the tropics. Strong onshore winds in the low-levels interacting with 

Tasmanian topography provided the initial trigger to release this moisture, with further uplift from the 
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interaction between the right exit region of a jet to the north of Tasmania and the left entrance region 

of a jet to the south on 12 January and an active trough on 13–14 January. 

 

The rainfall occurred near the peak of a very strong La Niña and during one of the wettest periods in 

Australia’s recorded history when extensive and repeated severe flooding affected large areas of the 

country. Tasmania experienced three other major rainfall events during this La Niña: 10-11 August 

2010 were two of the state’s wettest August days on record with daily totals of up to 199 mm in the 

east; exceptionally heavy rain fell in the northeast on 23–24 March 2011 giving Tasmania its second 

wettest two-day period on record and causing the worst floods in the region since 1969; and on 10–13 

April 2011 heavy rain and flash flooding affected the east of Tasmania with several sites recording 

over 100 mm in 24 hours. 
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