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1 Air quality in NSW during the 2019-20 bushfires

1.1 The bushfires

Temperature, rainfall, fuel and wind affect the likelihood and spread of
bushfires.1 Hot weather and drought leading up to the summer of 2019-
20 primed much of south-eastern Australia for bushfires.

1.1.1 There was extreme fire risk leading up to the 2019-20
bushfires

Heatwaves throughout Australia the year before caused bushfires in
most states around the country, including NSW.2 Many continued to
burn towards the end of the 2018-19 summer.3 With little rainfall and
the warmest March on record, the fires in NSW continued to grow into
Autumn.4

2019 went on to be Australia’s hottest year on record.5 Temperatures
across the country were, on average, 1.5 degrees warmer than the
long-term trend. It was also its driest year.6 Areas of south-eastern
Australia – areas that would go on to be most affected by the bushfires
– had their lowest rainfall on record.

Hazard reduction burns reduce the fuel required for a bushfire,7 and
these controlled burns had been conducted extensively in the decade
leading up to the 2019-20 bushfire season.8 But extended drought in

1. Dowdy et al (2009).
2. Bureau of Meteorology (2019b).
3. Ibid.
4. Bureau of Meteorology (2019c).
5. Bureau of Meteorology (2020).
6. Ibid.
7. Australian Parliamentary Library (2002).
8. RMIT ABC Fact Check (2020).

Figure 1.1: Fire danger in the lead-up to 2019-20 was high
Forest Fire Danger Index (FFDI) on spring 2019

Source: Bureau of Meteorology (2019a, p. 11).
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the south-east, combined with a shorter safe burning period, meant
hazard reduction burns were lower than average in 2019.9

The fire season started up again in early September 2019, just five
months after the previous season ended.10 More than 50 fires were
active in NSW. The Bureau of Meteorology published a special climate
statement titled Dangerous weather in spring 2019 at the start of
summer.11 Figure 1.1 shows that fire danger in spring 2019 the
highest-recorded for most of the country.

1.1.2 One-fifth of Australian forests burnt

December was hot and windy. The 17th was the hottest day recorded
in Australia. That record was broken the following day. The Forest Fire
Danger Index reached its peak, and the spread of the fires accelerated.
Five million hectares had been burnt by the end of 2019.12

By the end of January, 21 per cent of all Australian forests had been
burnt.13

The fires killed at least 34 people and destroyed 2,100 homes; a large
portion of which was in NSW.

An ANU survey of 3,000 Australians conducted in January 2020 found
that one-in-seven were directly affected by the bushfires through their
property being damaged or threatened, or by being told to evacuate.14

9. Hannam and Mannix (2020).
10. Bureau of Meteorology (2019a).
11. Ibid.
12. Bureau of Meteorology (2020).
13. Boer et al (2020). This figure does not include Tasmania.
14. Biddle et al (2020, p. iii).

Figure 1.2 shows that 10 per cent of Australians – 2 million people –
reported being directly threatened by the fires. 1.8 million were forced
to evacuate. Three out of every five people living in Australia reported
being exposed to bushfire smoke.

Figure 1.2: Three-in-five Australians were affected by bushfire smoke
Proportion of Australian adults exposed
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Source: Biddle et al (2020, p. iii).
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1.2 Poor air quality caused by smoke sent people to hospital

As fires burned in the bushlands of NSW, ACT and Victoria, smoke
rose, drifted and blanketed towns and cities. The smoke drove
air pollution to be many times the ‘hazardous’ thresholds set by
environmental protection agencies. About 11 million Australians
reported some exposure to smoke caused by the 2019-20 bushfires.15

It caused thousands of people to go to hospital.

1.2.1 The bushfires caused dangerous air quality for prolonged
periods

Bushfire smoke is made up of small particles in the air. These particles
are classified by size. ‘Particulate matter (PM) 2.5’ are particles less
than 2.5 micrometres in diameter, about thirty times smaller than the
width of a human hair.16 The micrograms of these small particles per
cubic metre of air – PM2.5 𝜇𝑔/𝑚3 – is the key measurement to monitor
air quality related to bushfires.17

In New South Wales, air quality is monitored throughout the state by
the Department of Planning, Industry and Environment. 17 monitors
are in Sydney and its surrounds, with the rest located in major towns,
as Figure 1.3 shows. There is no PM2.5 monitoring in the state’s west,
where population density is low.

15. Ibid.
16. United States Environmental Agency (2018). Another common measure is PM10

𝜇𝑔/𝑚3, which measures particles less than 10 micrometres in diameter. But
smaller particles, like those measured by PM2.5, penetrate deeper into the lungs
and can be more harmful: Dennekamp and Abramson (2011), Englert (2004),
World Health Organisation (2018) and World Health Organisation (2003, p. 21).

17. Particulate matter is predominately made up of mineral dust, water, black carbon,
sodium chloride, sulphate, ammonia and nitrates: World Health Organisation
(2018). The toxicity of PM2.5 from bushfire smoke can vary dramatically and will
depend on what materials are being burnt: Johnston et al (2019).

Figure 1.3: Air quality stations monitoring PM2.5 in NSW
Air quality monitors and population density

●

●

●

●
●●●●●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●●●

●

●

●

●

●
●

●
● ●

●

●

●

●

Albion Park South
Kembla Grange

Wollongong
Bargo

Bringelly

Camden
Campbelltown W

Chullora
Earlwood

Liverpool

Macquarie Park

Oakdale

Prospect

Randwick

Richmond
Rouse Hill

Rozelle

St Marys
Parramatta N

Cook and Phillip

Beresfield

Carrington
Mayfield

Newcastle
Stockton

Wallsend

Wyong

Camberwell
Muswellbrook

Singleton

Albury

Armidale

Bathurst

Tamworth

Wagga Wagga North

Narrabri

Goulburn

Gunnedah

Orange

NA 0 5 NA
log_popsqkm

Central coast

Sydney

Less dense More dense
Population density

NA

Source: Grattan analysis of NSW DPIE (2020); ABS (2020).

Grattan Institute 2020 5



The health effects of smoke from the 2019-20 bushfires

Figure 1.4: Air pollution was many times the ’hazardous’ level in Sydney
PM2.5 levels by hour and rolling 24-hour average
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Source: Grattan analysis of NSW DPIE (2020).

Figure 1.5: Air pollution was worse in some parts of regional NSW
PM2.5 levels by hour and rolling 24-hour average
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There is no ‘safe’ level of PM2.5 exposure, as exposure to low levels
has still been shown to be harmful, even in the short term.18 But the
World Health Organisation and Australian national standards set a
‘safe’ threshold at 25 PM2.5 𝜇𝑔/𝑚3 on average over 24 hours.19

Presently, the ‘hazardous’ level of PM2.5 in NSW is 50 𝜇𝑔/𝑚3.

Figure 1.4 on the preceding page shows the air quality in Sydney.
during the 2019-20 bushfire season. Hourly spikes, shown in red, hit
between 600 and 800 for many parts of the city.

The air quality categories used by NSW, from ‘very good’ to
‘hazardous’, are also shown (see Figure 2.1 on page 10 for details on
these categories). A substantial minority of summer days were spent
above the ‘hazardous’ level. Some days had peaks 10-14 times that of
‘hazardous’.

There were prolonged periods of extreme air quality in areas of regional
NSW, too. Figure 1.5 on the preceding page shows PM2.5 readings in
Bathurst, Goulburn, Singleton, Tamworth and Wagga Wagga. Some
days averaged more than 700 PM2.5 𝜇𝑔/𝑚3 in Goulburn. Hourly peaks
topped 2,000.

1.2.2 The immediate health impact of poor air quality

The majority of people in NSW reported at least one minor symptom
caused by bushfire smoke in December-January.20 The most common
of these were eye and throat irritation, coughing, headaches, and
anxiety.

18. Wei et al (2019).
19. Environment Protection Authority Victoria (2019); and World Health Organisation

(2018).
20. FluTracking (2020).

But inhalation of particulate matter from bushfire smoke can cause
more serious and wide-ranging health problems21 And the link between
respiratory issues and particulate matter is well established:22 small
particles can be inhaled deep into the lungs, causing or triggering
difficulty breathing.

Emergency department data was provided to Grattan Institute by
health departments in ACT and Victoria. It shows that respiratory
presentations increased significantly on days with poor air quality.
While emergency department data from NSW was not available for this
analysis, we are likely to observe similar effects.23

Figure 1.6 on the next page shows that after controlling for seasonal,
day, temperature and population effects,24 days with PM2.5 𝜇𝑔/𝑚3

between 50-100 had 27% more respiratory emergency department
visits than days with ‘normal’ PM2.5 (below 25).

Days with levels of PM2.5 greater than 200 saw a 70% increase.

Over the summer, there were 24 days on which the rolling 24-hour
average PM2.5 level reacher higher than 50 in Western Sydney.25

There were 23 days with PM2.5 over 50 (the ‘hazardous’ level)26 in
Campbelltown in Sydney’s southwest, and 19 days in Darlinghurst.27

21. See Reid et al (2016, table 1) for a critical review of the health impacts of exposure
to bushfire smoke. The wide-ranging health problems exacerbated by particulate
matter include respiratory, cardiovascular, Parkinson’s disease, diabetes, phlebitis,
thrombophlebitis, and thromboembolism: Wei et al (2019).

22. See, for example, Borchers Arriagada et al (2019), Rappold et al (2017), Broome
et al (2016), Reid et al (2016), Dennekamp and Abramson (2011), Ana G.
Rappold et al (2011) and Tham et al (2009).

23. NSW is demographically similar to Victoria. Demand for health services
due to poor air quality was also reported in NSW over the 2019-20 bushfire
season:Nguyen and Bullen (2019) and Noyes (2020).

24. These controls are common in the literature. See technical appendix.
25. At the Richmond monitoring station.
26. See Figure 2.1.
27. At the Campbelltown West and Cook & Phillip monitoring stations, respectively.
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There were 18 days with average PM2.5 above 100 (twice the
‘hazardous’ level) in south-west Sydney,28 and 10 in Camden.

In regional NSW, there were 24 days with PM2.5 above 100 in
Goulburn, and 15 in Albury and Bathurst. There were many more days
in which hourly spikes reached hazardous levels.

Figure 1.6: More people go to hospital for respiratory illness when PM2.5
levels are high
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Percentage increase compared to PM2.5 of 0−25

Source: Grattan analysis of emergency department data from ACT Health and
Victorian Department of Health and Human Services.

28. At the Oakdale station.

1.3 Climate change is causing longer and more intense
bushfires

A warming climate means rising temperatures, longer heatwaves and
less rainfall. These conditions mean there are more days of extreme
fire risk, which increase the chance of larger and longer fires.

Twelve years ago, in the 2008 Garnaut Climate Change Review, Ross
Garnaut commented:

Recent projections of fire weather suggest that fire seasons will start
earlier, end slightly later, and generally be more intense. This effect
increases over time, but should be directly observable by 2020.

It is difficult to say whether an event like the 2019-20 summer bushfires
were explicitly ‘caused’ by climate change.29 Like heatwaves, cyclones,
floods and droughts, bushfires have been a part of life in Australia since
first came here tens-of-thousands of years ago.

But the developing field of ‘attribution studies’ looks to measure
how much more likely extreme weather events are because of
human-caused climate change. A recent attribution study, released in
March 2020, found that the 2019-20 bushfires were 80 per cent more
likely to happen because of climate change.30

If global temperatures continue to rise to 2oC above pre-industrial
levels, bushfire events in Australia like the summer 2019-20 are about
eight times more likely.31

29. Garnaut (2011, p. 6).
30. Oldenborgh et al (2020, p. 26). The lower-bound estimate was 30%. Both

estimates are likely to ‘severely underestimate’ the attribution (p. 26) due to
underestimations of the main heatwave inputs (p. 1).

31. Ibid (p. 27).
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As bushfires become more frequent and intense, they will impact more
Australians more often.32 Repeated exposure to bushfire smoke will
increase the likelihood of serious longer-term health risks like stroke.33

The response of health authorities to foreseeable events like bushfires
must improve.

32. As discussed after the 2003 fires in Canberra: Hennessy et al (2005); and after
the 2009 bushfires in Victoria: CSIRO (2009) and Garnaut (2011); and after the
2013 fires in NSW: Hennessy (2013).

33. Huang et al (2019); and Yuan et al (2019).
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2 Response by the NSW Government

NSW requires clearer, more detailed information to be made easily
available to the public during high-pollution smoke events. This
information should be actively delivered to residents.

Air quality in NSW reached many times above the level considered
‘hazardous’. Figure 2.1 shows that current classifications of air quality
in NSW (right panel)does not distinguish between very high levels
PM2.5.

This means that the same advice is given to the public on days with
PM2.5 𝜇𝑔/𝑚3 of 60 (like in Sydney during the start of summer) and
200 (at the peak of the bushfire smoke).

Current advice for ‘hazardous’ days in NSW provided on the DPIE
website alongside air quality readings is:

“Sensitive groups should avoid all outdoor activities. Other adults
should avoid strenuous outdoor activities.”34

While NSW Health provides detailed information about bushfire-caused
air pollution, this information is separate from the DPIE air quality
information.35

ACT Health has updated and expanded the information it provided to
the public about what they should do during various levels of PM2.5
air pollution (Figure 2.2 on the following page). On days of ‘hazardous
high’ air quality, ACT Health recommended:

Everyone should avoid all physical activity outdoors. Sensitive
groups should temporarily relocate to a friend or relative living

34. NSW Department of Planning Industry and Environment (2020).
35. See https://www.health.nsw.gov.au/environment/air/Pages/bushfire-protection.

aspx.

Figure 2.1: Air quality categories in NSW and ACT
PM2.5 𝜇𝑔/𝑚3
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outside the affected area. If this is not possible, remain indoors and
keep activity levels as low as possible.36

This information should be provided by NSW DPIE with the air quality
levels, as is now done in the ACT (Figure 2.2). In addition, NSW DPIE
should provide guidance on:

∙ How to minimise air polluition in the home during short- and long-
exposure periods.

∙ Clear advice on what type of face-masks to use, and when they
should be used.

∙ How to minimise exposure to air pollution if staying at home is not
possible.

∙ Advice to employers, schools and other organisations about
reducing exposure risk, including whether outdoor activity should
be prohibited.

The NSW DPIE should actively communicate these air quality risks with
the public. This should include targetted, direct messaging to sensitive
groups on days with forecasted dangerous air quality. The current
system of direct messaging offered by NSW DPIE is commendable,
but requires people to opt-in. If uptake of this service is low, alternative
methods of delivery should be tried.

The messages should be targetted and tailored to at-risk groups.
Messages to people with asthma should provide different relevant
information than to pregnant women.37

36. ACT Health (2020). Note that these intructions were updated in February, after the
worst cases of bushfire smoke.

37. While inhaling particulate matter from smoke is dangerous to everyone, some
groups have heightened risk: Borchers Arriagada et al (2019) and Abdo et al
(2019).

There should also be clear communication about air quality before
planned hazard reduction burns, which have been shown to increase
PM2.5 significantly.38

Figure 2.2: From February 2020, ACT Health provided more detailed
guidance for high air pollution days
Screenshot of the ACT Health: Health advice for smoky air (PM2.5) website

Source: ACT Health (2020).

38. Broome et al (2016).
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