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Particle episodes in Autumn–Winter 2019: 

Dust event case study 
Major dust event across NSW from 5 to 6 March 2019  
During 5 to 6 March 2019, a pre-frontal trough entrained dust across western NSW, transporting it 
towards the east coast. The impact of this widespread dust event was observed across several 
monitoring stations in the NSW air quality monitoring network (AQMN), with the PM10 levels at 12 
metropolitan and regional population centres exceeding the daily national standard (benchmark) of 50 
µg/m3.  

Air quality impacts 
Table 1 shows the stations that recorded daily PM10 levels above the national standard from 5 to 6 
March 2019. The spatial extent of the dust storm was observed along the east coast, from Sydney 
(Sydney East and Sydney North West) to Newcastle and the Upper Hunter, as well as the inland areas 
of the state including the Central Tablelands and South West Slopes.  
Wagga Wagga North (in the South West Slopes) recorded the highest daily PM10 concentration during 
the dust storm, with a daily PM10 average of 115.1 µg/m3 on 5 March 2019.  
The impact of this event was widespread in the Upper Hunter and Lower Hunter regions. All 20 stations 
in the Upper Hunter, Lower Hunter and Newcastle Local monitoring networks recorded 24-hour PM10 
concentrations above the 50 µg/m3 daily benchmark on 6 March. PM10 concentrations in the Upper 
Hunter ranged from 51.8 µg/m3 at Singleton to 99.3 µg/m3 at Jerrys Plains on this day. In the Newcastle 
region, PM10 concentrations ranged from 53.7 µg/m3 at Beresfield to 77.7 µg/m3 at Stockton on this day.  
Table 1  Daily PM10 concentrations above the national benchmark were widespread in the state 

during the 5 to 6 March 2019 dust storm event. 

Region Station Daily PM10 concentration  
5 March (µg/m3) 

Daily PM10 concentration 6 
March (µg/m3) 

South West Slopes Wagga Wagga North 115.1 - 
Central Tablelands Bathurst - 70.3 
Central Tablelands Orange 66.6 - 
Sydney East Randwick - 57.7 
Sydney North West Parramatta North - 58.8 
Sydney North West Prospect - 60.1 
Lower Hunter Beresfield - 53.7 
Lower Hunter Newcastle - 62.0 
Lower Hunter Wallsend - 61.0 
Upper Hunter Aberdeen - 63.5 
Upper Hunter Muswellbrook - 56.5 
Upper Hunter Singleton - 51.8 

- = levels below PM10 benchmark 
Note: Air quality monitoring sites in the Upper Hunter and Newcastle Local regions are close to industrial activities, such as 
mining, from which emissions may have also impacted observations. For this report, unless referenced in the text, only the 
major population centres of Muswellbrook, Singleton and Aberdeen are included for the Upper Hunter and the Beresfield, 
Newcastle and Wallsend for the Lower Hunter (i.e. Newcastle Local stations are not included). 
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Synoptic overview 
On 5 March 2019, a strong cold front was positioned over the Great Australian Bight, with a pre-frontal 
trough extending ahead of the front from eastern Tasmania to the central Northern Territory (Figure 1 top 
left). This trough helped draw hot, dry air from central Australia down into NSW on north westerly winds 
ahead of the cold front. Bringing hot, dry air over parts of NSW experiencing prolonged severe drought, 
these north westerly winds created conditions conducive to dust uplift across New South Wales.  
The cold front moved onshore south of Adelaide by approximately 4pm AEST1 on 5 March. As the cold 
front and the low-pressure trough continued to move eastward, both systems pressed up against the 
west flank of a high-pressure system centred over the eastern Tasman Sea, creating a strong pressure 
gradient (Figure 1 top right). The strengthening low-pressure systems and pressure gradient, which is 
highlighted by the red arrows in Figure 1 (top right), helped generate the strong local disturbance and 
pre-frontal north west winds, leading to enhanced dust uplift. 
By late evening on 5 March, the cold front had moved into western Victoria and then south west NSW 
(Figure 1 bottom left). By the early morning of 6 March, the low-pressure trough was moving through 
central NSW. By late morning on 6 March, much of the front had reached the western Tasman Sea, with 
the pre-frontal trough moving through south east NSW (Figure 1 bottom right). At approximately 4pm on 
6 March, the cold front and dust plume had moved offshore into the Tasman Sea with a high-pressure 
system over the Great Australian Bight directing south westerly winds behind the front (not shown).  

  
Figure 1 Bureau of Meteorology2 synoptic charts for 5 to 6 March 2019, showing a series of troughs 

ahead of a cold front: 5 March, 10am AEST (top left), 5 March, 4pm AEST (top right), 5 
March, 10pm AEST (bottom left) and 6 March, 10am AEST (bottom right). The red arrows in 
the top right panel show the areas of strengthening pressure gradients indicated by the 
compressed isobars (the black lines). The more compressed the isobars, the stronger the 
winds expected.  

 
1 Times in this case study are reported in Australian Eastern Standard Time (AEST), however the synoptic charts in Figure 1 
from the Bureau of Meteorology use Australian Eastern Daylight Time (AEDT).   
2 Historical synoptic charts can be accessed on the Bureau of Meteorology’s Analysis Chart Archive webpage 

http://www.bom.gov.au/australia/charts/archive/index.shtml
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Event description   
Figure 2 illustrates the progression of the dust front across New South Wales from Wagga Wagga North 
to Orange in the Central Tablelands on 5 March, to Parramatta North in Western Sydney on the morning 
of 6 March. The prominent peaks in the time series for Wagga Wagga North and Orange relative to the 
flatter spike at Parramatta North indicate the passage of the dust may have been obstructed by the 
Great Dividing Range, or that some of the dust was lifted over the Sydney basin as it travelled over the 
mountains. 

 
Figure 2 PM10 1-hour average concentrations, 1-hour average wind speed, wind direction and 

temperature at Wagga Wagga North, Orange and Parramatta North on 4 to 7 March 2019 

Day 1, Tuesday 5 March 2019 
The cold front came onshore over southern South Australia at approximately 4pm AEST on 5 March 
2019. Temperatures ahead of the front were warm to hot, with the Wagga Wagga North site recording an 
hourly maximum of 33.5°C and the Bathurst site reaching 30.7°C on 5 March. Strong west to north 
westerly winds associated with the low-pressure trough most likely entrained dust from areas in the 
Central Tablelands, Central West and Riverina regions of New South Wales.  
The Wagga Wagga North air quality monitoring site in the South West Slopes was the first to observe 
dust (indicated by elevated PM10 pollution), from this event at 5pm 5 March 2019. It is possible dust may 
have arrived before 5pm, however, this was not recorded (PM10 data were set missing for Wagga Wagga 
North from 2pm to 4pm on 5 March 2019 due to an instrument fault). An hour later at 6pm, the site 
recorded a maximum 1-hour PM10 average of 538.6 µg/m3 (Figure 2).  
Indicative monitoring sites in the Riverina Local Land Services (LLS) region (NSW Rural Air Quality 
Monitoring Network, RAQMN3) were next to record elevated dust levels. At 6pm, the Riverina sites at 

 
3 Monitoring in the DPIE Rural Air Quality Monitoring Network is indicative and are not subject to the NEPM requirements 

https://www.dpie.nsw.gov.au/air-quality/rural-air-quality-network-live-data
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Temora and West Wyalong recorded hourly Total Suspended Particles (TSP4) concentrations of 102 
µg/m3 and 118 µg/m3, respectively. Further north, in the Western LLS region, Cobar recorded an hourly 
average TSP of 155 µg/m3 at 7pm, while Cowra (Central Tablelands LLS region) recorded an hourly 
average of 917 µg/m3 at 8pm.  
Later in the evening, a maximum 1-hour PM10 average of 565.4 µg/m3 was observed at 11pm at the 
standard AQMN station in Orange in the Central Tablelands (Figure 2).  
On 5 March 2019, daily PM10 concentrations were above the national standard at Wagga Wagga North 
and Orange, measuring 115.1 µg/m3 and 66.6 µg/m3, respectively (Table 1).  

Day 2, Wednesday 6 March 2019 
The Bureau of Meteorology noted the 6 March 2019 was the warmest autumn day in Greater Sydney for 
20195, with the Richmond air quality monitoring site observing a maximum temperature of 36.0 °C on 
that day ahead of the cold front.  
PM10 levels increased across Sydney, the Illawarra and Hunter regions on 6 March as dust arrived on 
north westerly winds ahead of the cold front. Elevated dust was recorded in the Upper Hunter, from 2am 
at Merriwa, followed by larger towns in the Upper Hunter, Aberdeen from 4am and Muswellbrook by 
5am. Elevated particle levels at the Merriwa background station in the Upper Hunter, under north 
westerly winds, indicates transport of dust from outside the valley. Newcastle began observing dust from 
7am to 8am. The cold front travelling behind the trough can be seen in the satellite image below as a 
thick band of cloud stretching from the southern NSW coast to central and western NSW (Figure 3). 
Dust was first observed at Bargo (Sydney South West) at 3am. Parramatta North and Prospect (Sydney 
North West) recorded maximum PM10 1-hour averages of 150.3 µg/m3 and 163.1 µg/m3 at 9am, 
respectively. Campbelltown West (Sydney South West) recorded a maximum PM10 1-hour average of 
141.1 µg/m3 at 1pm, and Randwick (Sydney East) recorded a maximum PM10 1-hour average of 156.5 
µg/m3 at 2pm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Satellite image of the cold front that brought dust from western NSW towards the coast from 

5 to 6 March 2019. Image taken on 6 March 2019. Source: MODIS6 

  

 
4 Total Suspended Particles (TSP) are particles of 100 micrometres or less in diameter 
5 Seasonal Climate Summary for Greater Sydney - Greater Sydney in autumn 2019: warm days and near average rainfall 
6 https://worldview.earthdata.nasa.gov/ 

Cold front 

https://www.environment.nsw.gov.au/topics/air/understanding-air-quality-data/glossary-of-air-quality-terms#tsp
http://www.bom.gov.au/climate/current/season/nsw/archive/201905.sydney.shtml
https://worldview.earthdata.nasa.gov/
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Tracking the dust storm across New South Wales 
Modelling was used to determine the likely source of the high PM10 concentrations observed across 
NSW during the 5 to 6 March 2019 dust event (Figure 4). The HYSPLIT in NSW7 model uses synoptic 
weather data from the Bureau of Meteorology to estimate the path of PM10 particles in the 24 hours 
before dust was observed at a particular location. The trajectories are modelled for various heights, in 
metres above ground level (m AGL).  

The trajectories in Figure 4 show that in the 24 hours before dust arrived at Wagga Wagga North, air 
parcels passed through the Central West and the Riverina, while the Orange and Prospect trajectories, 
passed through the Central West and Central Tablelands. While these regions are not traditional source 
regions for widespread dust storms, contributions from these areas are most likely due to the severity of 
drought conditions that were present in New South Wales in autumn 2019. These air parcels were 
transported by strong winds associated with the pre-frontal trough.  

This dust event likely originated from multiple source regions, i.e., the dust was continuously being 
entrained and deposited as the trough and front travelled in an easterly direction. This means that dust 
impacting the air quality across New South Wales may have come from local sources as well as long-
range transport from arid and semi-arid regions of the State. It appears that much of the dust observed 
at Wagga Wagga North was initially sourced from the Central West, and subsequently the Riverina.  
Dust observed in Orange and Sydney is also likely to have originated from the Central West, with some 
additional contribution from the Central Tablelands. This resulted in high concentrations of PM10 through 
the South West Slopes and the Central Tablelands, as evidenced by the significantly elevated PM10 
levels at the Wagga Wagga North site from 5pm and 10pm at Orange on 5 March 2019. The Hunter, 
Newcastle and Sydney regions were all impacted from early morning until mid-afternoon on 6 March 
2019. 

 
Figure 4 24-hour back trajectories modelling the path of the dust plume from its source in western 

NSW for the Wagga Wagga North, Orange and Prospect AQMN sites. Wagga Wagga North 
back trajectories begin at 5pm on 5 March 2019, Prospect at 8am on 6 March 2019 and 
Orange at 10pm on 5 March 2019.  

  

 
7 Using HYSPLIT to forecast smoke plumes during hazard reduction burns in New South Wales 

 

https://www.researchgate.net/publication/340825950_USING_HYSPLIT_TO_FORECAST_SMOKE_PLUMES_DURING_HAZARD_REDUCTION_BURNS_IN_NEW_SOUTH_WALES
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Summary 
A cold front and pre-frontal trough moved over New South Wales on 5 and 6 March 2019, with dust 
entrained predominately on 5 March and from the Riverina, Central Tablelands and Central West LLS 
areas of New South Wales. Dust uplift was significantly aided by extensive drought conditions across 
New South Wales at the time. Strong winds further aided the uplift of dust with strong north westerly 
winds occurring ahead of the front. The dust event concluded late in the afternoon on 6 March, after the 
cold front and dust plume had moved offshore into the Tasman Sea and a high-pressure system over the 
Great Australian Bight directing south westerly winds behind the front. 

This dust event resulted in daily PM10 concentrations above the benchmark at multiple stations in the 
South West Slopes, Central Tablelands, Sydney and the Hunter regions on 5 and 6 March, with two key 
points summarised below:   

• Dust was first observed at Wagga Wagga North in the afternoon on 5 March 2019 and resulted in 
a daily average PM10 concentration of 115.1 µg/m3, the highest for the 2019 autumn–winter 
season. During the late afternoon and evening on 5 March, dust was observed at indicative 
monitoring sites in the Riverina, Central Tablelands and Central West LLS regions. The standard 
AQMN monitoring site at Orange also reported daily PM10 concentrations above the benchmark 
on 5 March (66.6 µg/m3).  

• All 20 stations in the Upper Hunter, Lower Hunter and Newcastle Local regions, three stations, in 
Sydney and one station in the Central Tablelands exceeded the daily PM10 benchmark on 6 
March 2019.  
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