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 Bushfire smoke blankets rural New South Wales, 5–7 January 2020 
Synopsis: 
This case study investigated hourly average particle concentrations observed across the NSW Rural Air 
Quality Monitoring Network during 5-7 January 2020. 
• High levels of fine smoke particles were indicated by high hourly PM2.5 levels, above 100 

micrograms per cubic metre (µg/m3), as well as high ratios of PM2.5 concentrations compared to 
PM10. 

• Fine smoke particles were measured in regions across the Network, for up to 48% of hours in the 
south-east, up to 29% of hours in north-west and up to 10% of hours in western regions over these 
three days. 

• Modelling of particle pathways demonstrated that south easterly winds transported smoke from 
extensive fires in the south east, across rural inland NSW, to the north-west, for more than 1000 
kilometres. 

 

 
Figure 1 Percentage of hours with PM2.5 concentrations above 100 µg/m3, mainly due to long range 

transport of bushfire smoke, during 5–7 January 2020 at selected rural monitoring stations. 

https://www.environment.nsw.gov.au/topics/air/understanding-air-quality-data/glossary-of-air-quality-terms#pm2.5pm10
https://www.environment.nsw.gov.au/topics/air/understanding-air-quality-data/glossary-of-air-quality-terms#pm2.5pm10
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Smoke from the eastern seaboard impacts rural central and 
western NSW 
Rural NSW endures smoky summer 
The 2019-2020 bushfire period was the most severe on record, with approximately 5.5 million hectares 
(ha) of land burning across the State. This case study demonstrates the air quality impacts on rural NSW 
from widespread bushfire smoke on 5 to 7 January 2020. The case study analysed smoke impacts on 
hourly observations of particle levels at stations across the NSW Rural Air Quality Monitoring Network 
(Figure 1).  
The Network uses indicative monitors to record Total Suspended Particles and particles as PM10 and 
PM2.5. The ratio of PM2.5 and PM10 measurements can be used to determine the types of particles 
being measured at the station, as PM2.5 is a subset of PM10. Bushfire smoke is indicated typically by 
high concentrations of PM2.5 and ratios of PM2.5 to PM10 above 60%. In contrast, dust is indicated by 
higher concentrations of PM10, and ratios of PM2.5 to PM10 of less than 20%. 

Synoptic overview 
During 5-7 January 2020, a slow-moving low-pressure trough dominated central NSW (Figure 2). This 
system directed smoke into western parts of the State from extensive fires in south eastern NSW and 
Victoria. On 5 January, south to south easterly winds behind the trough directed a plume of smoke into 
the NSW Riverina-Murray and Far West regions from the Dunns Road (333,940 ha) and Adaminaby 
Complex (98,485 ha) bushfires. From mid-morning on 6 January to 7 January, south to south-east winds 
again directed smoke into the Riverina-Murray and Far West. 

Where was the smoke observed? 
Elevated hourly PM2.5 concentrations and high ratios of PM2.5 to PM10 indicated smoke arriving in the 
Riverina-Murray region from late morning on 5 January on south to south easterly winds. Figure 1 shows 
stations in the region that recorded high smoke impacts between 5 and 7 January 2020, indicated by 
hourly PM2.5 levels greater than 100 µg/m3 and high ratios of PM2.5 to PM10. 
Hourly PM2.5 concentrations increased on 5 January at Wagga Wagga North (Riverina-Murray), 
reaching a peak of 2700 µg/m3 at 6pm. PM2.5 concentrations fell substantially in the early morning on  
6 January, then increased in the late afternoon and evening to reach a peak of 654 µg/m3 at 10 pm. 
From 5 to 7 January 2020, PM2.5 concentrations at Wagga Wagga North remained above 100 µg/m3 for 
48% of hours1 (Figure 1). The average ratio of PM2.5 to PM10 was 88.6% at Wagga Wagga North, 
strongly indicating smoke as the pollutant source.  
Further north-west of Wagga Wagga North in the Riverina-Murray region, Hillston also recorded elevated 
PM2.5 concentrations. The station observed a peak PM2.5 concentration of 1384 µg/m3 at mid-night on 
6 January. The PM2.5 to PM10 ratio of the peak at mid-night was 56%, suggesting high levels of dust as 
well as smoke in the atmosphere. PM2.5 concentrations increased in the early morning at Hillston on  
7 January before reaching a peak of 655 µg/m3 at 6am. PM2.5 levels gradually decreased throughout 
the day. From 5 to 7 January, Hillston recorded 45% of hours with PM2.5 concentrations above 100 
µg/m3. An average PM2.5 to PM10 ratio of 57% was also observed at Hillston, indicating mainly smoke 
as well as dust. 
Elevated concentrations of PM2.5 were first observed at Hay (Riverina-Murray) under south easterly 
conditions in the morning on 6 January. At 8am, Hay observed a PM2.5 hourly average of 139 µg/m3 
and a PM2.5 and PM10 ratio of 88%. Concentrations rose slowly throughout the day, culminating in an 
hourly maximum PM2.5 concentration of 631 µg/m3 at 11pm. Hay recorded 41% of hours over  
100 µg/m3 during the period 5–7 January and an average PM2.5 to PM10 ratio of 87.6%, strongly 
indicating smoke.  
In the State’s far north-west, Tibooburra observed smoke from early morning to early evening on  
6 January. A peak hourly PM2.5 level of 91 µg/m3 at 4pm and a PM2.5 to PM10 ratio of 83% between 
7am and 6pm, strongly indicated smoke as the particle source. Smoke was also observed at Tibooburra 
in the early morning on 7 January with a peak concentration of 118 µg/m3 at 3am. Tibooburra observed 

 
1 Percentage calculated on hours of available data. Stations reported at least 75% available data during the 5–7 January 2020. 

https://www.aph.gov.au/About_Parliament/Parliamentary_Departments/Parliamentary_Library/pubs/rp/rp1920/Quick_Guides/AustralianBushfires
https://www.dpie.nsw.gov.au/air-quality/rural-air-quality-network-live-data
https://www.environment.nsw.gov.au/topics/air/understanding-air-quality-data/glossary-of-air-quality-terms#pm2.5pm10
https://www.environment.nsw.gov.au/topics/air/understanding-air-quality-data/glossary-of-air-quality-terms#pm2.5pm10
https://www.planning.nsw.gov.au/Plans-for-your-area/Regional-Plans/Riverina-Murray/Plan
https://www.planning.nsw.gov.au/Plans-for-your-area/Regional-Plans/Far-West
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hourly PM2.5 concentrations greater than 100 µg/m3 for 25% of hours during 5 to 7 January. An average 
PM2.5 to PM10 ratio of 62% during 6 and 7 January indicated mainly smoke as well as dust. 

Where did the smoke come from? 
The NSW Government developed the HYSPLIT in NSW model, to track pathways of air parcels 
travelling at various heights, in metres above ground level (m AGL) 2. This case study used HYSPLIT in 
New South Wales to track the direction from which smoke travelled, before arriving at a monitoring 
station. The modelled particle pathways or back trajectories began at monitoring stations that recorded 
high PM2.5 measurements during peak concentrations. Using observed and modelled meteorology data, 
the trajectories of air parcels were tracked backwards over the previous 24-hours. This determined how 
the particle parcel moved and the potential source of the PM2.5 pollution. Trajectories were modelled at 
different heights to show any potential change in wind direction with height (Figure 4). 
The trajectories showed that high levels of PM2.5 reached Hillston, Broken Hill and Tibooburra on south 
to south east winds on 6 January 2020 (Figure 4). The direction of the trajectories showed smoke 
travelled across areas in the Riverina-Murray and into north western NSW. The back trajectories at 
Hillston indicated smoke from Victoria impacted the station as well.  
Figure 3 shows a large plume of smoke to the south-west of the Australian Capital Territory. This smoke 
was emitted by bushfires such as the Dunns Road and Adaminaby Complex fires. The approximate 
location of these fires is indicated in Figure 2. Smoke from these bushfires was the most likely source of 
PM2.5 that impacted the Rural Monitoring Network during 5–7 January 2020. Smoke from bushfires in 
east Gippsland, Victoria, was also a likely contributor to PM2.5 observed in rural NSW. 
This case study demonstrated that long range transport of significant amounts of smoke adversely 
impacted air quality many hundreds of kilometres away from the original source of the pollution. This 
conclusion was supported by the NASA report of smoke from fires in eastern and southern Australia, 
transported at upper levels around the world and impacting air quality in New Zealand and South 
America, during the 2019-20 bushfire period. 
 

 
Source: Analysis Chart Archive, Bureau of Meteorology 
Figure 2. Synoptic chart for Australia at 11 am 5 January 2020, showing a low-pressure trough over 

central NSW.  

 
2 Watt et al, 2017 

https://www.environment.nsw.gov.au/topics/air/research/current-research/air-quality-forecasting
https://www.nasa.gov/feature/goddard/2020/nasa-animates-world-path-of-smoke-and-aerosols-from-australian-fires/
http://www.bom.gov.au/australia/charts/archive/index.shtml
https://www.researchgate.net/publication/340825950_USING_HYSPLIT_TO_FORECAST_SMOKE_PLUMES_DURING_HAZARD_REDUCTION_BURNS_IN_NEW_SOUTH_WALES
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Source: EOSDIS Worldview, National Aeronautics and Space Administration (NASA)  
Figure 3. Satellite imagery showing a large plume of smoke in western NSW behind a low-pressure 

trough. Fire hotspots detected by NASA satellites on 7 January 2020 shown in red. 

 

  
Figure 4. The path of smoke from the first plume from fires in south eastern NSW to sites in the Rural 

Monitoring Network shown as 24-hour back trajectories. The trajectories began at 
Tibooburra at 8 am AEST on 6 January 2020, at Broken Hill at 2 pm AEST on 6 January 2020 
and at Hillston at 8 pm AEST on 5 January 2020. Arrows show the direction of particle 
plume movement. 

https://worldview.earthdata.nasa.gov/
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