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a b s t r a c t 

2019/20 Australia’s bushfire season (Black Summer fires) occurred during a period of record breaking tempera- 

tures and extremely low rainfall. To understand the impact of these climatic values we conducted a preliminary 

analysis of the 2019/20 bushfire season and compared it with the fire seasons between March 2000 and March 

2020 in the states of New South Wales (NSW), Victoria, and South Australia (SA). Forest and fire management in 

Australia were asked to provide data on the number of fires, burned area, life and house loss, as well as weather 

conditions. By March 2020 Black Summer fires burnt almost 19 million hectares, destroyed over 3,000 houses, 

and killed 33 people. Data showed that they were unprecedented in terms of impact on all areas. A number of 

mega-fires occurred in NSW resulting in more burned area than in any fire season during the last 20 years. One 

of them was the largest recorded forest fire in Australian history. Victoria had a season with the highest number 

of fires, area burned, and second highest numbers of houses lost for the same period. SA had the highest number 

of houses lost in the last 20 years. Black Summer fires confirmed existing trends of impact categories during the 

last two decades for NSW and Victoria. It showed that the smoke from the bushfires may be a significant concern 

in the future for the global community, as it travels to other countries and continents. Based on preliminary data, 

it will take many years to restore the economy and infrastructure in impacted areas, and to recover animal and 

vegetation biodiversity. 
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. Introduction 

In the last decade, there have been extreme wildfire events around

he world resulting in substantial social, economic and environmental

mpacts ( Table 1 ). Recently, extreme wildfire events shifted to countries

here they were a rare or extraordinary event. They were observed in

ropical and temperate rainforests of Brazil in 2019 [1] , Chile in 2014

nd 2017 [2] , [3] , Bolivia in 2017 [4] , close to the Arctic circle in Green-

and in 2017 and 2019 [5] , [6] , and Sweden in 2014 and 2018 [7] , [8] .

n some countries, extreme fires may become a regular event. 

Climate change is already influencing fire seasons around the world

25–28] . Wildfire seasons are extending as the number of dry and hot

ays increases. A longer fire season is expected to result in more fre-

uent and severe fires [29] , [30] . Australia’s bushfire season 2019/20

Black Summer hereafter) appears to have supported these conclusions

n terms of the ecological consequences and impacts on human pop-
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lations. However, behind the mass media “noise ” and subjective in-

ormation, the real magnitude of Black Summer’s events has not been

ompiled. 

The aim of this study was to conduct a preliminary analysis of the

019/20 bushfire season in Australia and to compare it with the last two

ecades of fires for the states of New South Wales, Victoria, and South

ustralia. Specifically, we asked: 

- Was there a trend or precondition for the 2019/20 catastrophic bush-

fire season? 

- How abnormal or unusual was the 2019/20 bushfire season? 

- Did the 2019/20 bushfire season change current trends? 

. Methods 

We collected all available information about weather and bushfires

mpact to understand the novelty of the Black Summer in the history
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Table 1 

Examples of wildfires with large social, economic and environmental impacts from 2010 - 2018. 

Name Region Impact 

2018 Camp fire USA 85 fatalities and nearly 19,000 structures destroyed [9] 

2018 Attica fires Greece 102 fatalities and approximately 3,000 houses burned [10] 

2017 Thomas fire USA 1,300 structures lost and 2.2 billion USD in damages [11] 

2017 British Columbia fires Canada 1.2 million hectares burned and 65,000 people evacuated [12] , [13] 

2017 Wildfires Portugal 112 human lives lost with 424,000 hectares burned [14] 

2016 Fort McMurray wildfire Canada 2,400 houses lost and 6 billion CND in damages [12] , [13] 

2016 Wildfires Portugal 4 people killed and more than 1,000 evacuated [15] , 

2015 Wildfires Russia 33 people killed and 1,300 houses burned [16] 

2015 South Australia fires Australia 2 lives lost and 88 houses burned [17] 

2013 Red October fire Australia 224 structures destroyed and 1 person died [18] , [19] 

2012 Chios fire Greece 9 villages evacuated and 7,000 hectares burned [20] 

2011 Slave Lake fire Canada 374 properties destroyed and 700 million CND in damages [21] 

2011 Bastrop County Complex fire USA 2 deaths and 1645 homes lost [22] 

2010 Wildfires Russia 53 fatalities and 2,500 houses lost [23] , [24] 

Fig. 1. Study area. 
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f Australian bushfires during last 20 years. Forest and fire manage-

ent in Australia is predominantly undertaken at a state level and each

tate has its own fire service that defines the beginning of a fire season.

gencies were asked to provide data on the number of fires, burned

rea, life and house loss, as well as weather conditions between March

000 and March 2020. Responses were received from New South Wales

ural Fire Service (NSW), Department of Environment, Land, Water and

lanning and Country Fire Authority of Victoria (Vic), and Department

f Environment and Water and Country Fire Service of South Australia

SA) ( Fig. 1 ). Data for the 2019/20 bushfire season for other states were

aken from a combination of news reports and media releases by the

re service agencies, as annual reports are not yet available. Additional

eather data has been obtained from the Australian Government Bureau

f Meteorology [31] , [32] ; data about impact of bushfires were obtained

rom the annual reports of the fire service agencies responsible for fire-

ghting in the state. 

The intention of this study was not to develop the best predictive

odel but to understand high-level trends in NSW, Vic, and SA. There-

ore, data were analysed using linear regression analysis. Specifically,
45 
e calculated the slope of the regression line m, standard error of the

egression SE , significance p, Pearson’s correlation coefficient r , coeffi-

ient of determination R 

2 . Response variables were burned area, number

f fires, houses and lives lost, and the predictor variable was fire sea-

on. Negative and positive relationships were indicated as decreasing

nd increasing trends (slopes) respectively. To analyze the effect of the

019/20 season on trends we undertook regression analysis with and

ithout the last year data. Burned area includes all types of vegetation.

ouse loss data do not include major damage to houses or damage or

oss of structures other than primary dwellings. Fatalities are directly

elated to fires. 

. Results and discussion 

.1. Preconditions of black summer fires 

The Bureau of Meteorology has determined 2019 was Australia’s

armest year on record ( Fig. 2 ) [31] . It broke records of area-

veraged mean temperature ( + 1.33 °C) and mean maximum temper-
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Fig. 2. Air temperature [31] : a) Annual mean temperatures compared to historical temperature observations, b) Mean temperature anomalies averaged over Australia. 

Deciles show whether temperature is above average, average or below average for the time period and area chosen. The black line shows the 11-year moving average. 

Pictures and data were published in the Bureau of Meteorology’s annual statement [31] under Creative Commons licensing arrangements. 
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tures ( + 1.59 °C, Fig. 2 b). All the years since 2013 are included in the

en warmest on record for Australia. An extended period of heatwaves

ver much of Australia began in early December 2018 and continued

nto January 2019. January 2019 was the warmest month on record,

ith the monthly mean temperature 2.90 °C above average. Spring was

ustralia’s driest spring on record and the fifth-warmest on record. Heat

ontinued to affect Australia until the end of the year, bringing repeated

eriods of severe fire weather to the south-eastern States. 

2019 was also the driest year on record for Australia at 277.6 mm

annual mean) [31] , although parts of Queensland’s northwest and

orthern tropics were wetter than average ( Fig. 3 a). Rainfall was 40%

elow the 1961–1990 average ( Fig. 3 b). The extraordinarily low rain-
46 
all experienced in 2019 is only comparable to the driest periods in

ustralia’s recorded history. Annual rainfall totals were in the lowest

0% of historical observations for almost 70% of Australia. Each month

rom July through December was amongst the ten driest on record for

heir respective month nationally. Starting in early 2017, rainfall has

een near or below previous record low values over much of New South

ales and southern Queensland. The impact of low rainfall over the pe-

iod has been exacerbated by record high temperatures, which in turn

rive higher rates of evaporation where water is available. Low rainfall

lso led to very low soil moisture across large areas of Australia during

019. Additionally, a very strong positive Indian Ocean Dipole (IOD,

ustained changes in the difference between sea surface temperatures
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Fig. 3. Rainfall [31] : a) Rainfall deciles for January to December 2019, b) Annual mean rain. The black line shows the 11-year moving average. Pictures are taken 

from the Bureau of Meteorology’s annual statement [31] . Deciles show whether rainfall is above average, average or below average for the time period and area 

chosen. Pictures and data were published in the Bureau of Meteorology’s annual statement [31] under Creative Commons licensing arrangements. 

47 
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Fig. 4. Forest Fire Danger Index [32] : a) Accumulated-FFDI deciles for spring 2019 (based on all years since 1950), b) Spring accumulated FFDI values for Australia 

from 1950 to 2019. Accumulated FFDI for spring 2019 shown in orange. Linear trend line shown in black. Pictures and data were published in the Bureau of 

Meteorology’s special statement [32] under Creative Commons licensing arrangements. 
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f the tropical western and eastern Indian Ocean [33] ) was one of the

ain influences on Australia’s climate during 2019, and contributed to

ery low rainfall and low humidity across Australia. 

Forest Fire Danger Index (FFDI) is used in Australia to measure the

egree of fire danger in Australian forests [34] . It combines a record of

ryness, based on rainfall and evaporation, with meteorological vari-

bles for wind speed, temperature and humidity. Daily FFDI values

an be accumulated (summed) over time. The accumulated FFDI val-

es for spring 2019 were highest on record over large areas of Aus-

ralia ( Fig. 4 a) [32] . More than 95% of Australia by spring had accu-

ulated FFDI values that were very much above average, including

lmost 60% of the country that was highest on record ( Fig. 4 a). New
48 
outh Wales, Queensland, Northern Territory, Western Australia and

asmania all experienced record-high spring FFDI. Victoria was the only

tate with an area-averaged accumulated FFDI value for spring below

ts previous record high. South Australia experienced its second-highest

ccumulated FFDI on record. The accumulated FFDI for Australia in

pring 2019 was significantly higher than any other season on record 

 Fig. 4 b). 

High temperatures, rainfall deficit and prolonged drought resulted in

ncrease in fuel availability and very high fire danger indexes [35] , [36] .

s of 20 March 2020, the fires burnt almost 19 million hectares, de-

troyed over 3,000 houses, killed 33 people and more than 1 billion

nimals [37] ( Table 2 ). 
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Table 2 

Fire statistics for 2019/20. These figures are preliminary and may be 

revised when official statistics are released at the end of the 2019/20 

financial year. 

State Burned area, ha Number of fires Houses lost Lives lost 

VIC 1,505,004 3,500 396 5 

NSW 5,595,739 10,520 1 2,475 25 

QLD 2,500,000 NA 48 0 

TAS 36,000 NA 2 0 

WA 2,200,000 NA 1 0 

SA 286,845 2 1324 186 3 

NT 6,800,000 NA 5 0 

ACT 60,000 NA 0 0 

Total 18,983,588 15,344 3,113 33 

NA – data is not available. 
1 Number of fires in NSW includes only those attended by the NSW 

RFS. This does not include all vegetation fires but provides a relative 

measure of fire activity. 
2 This number is expected to increase significantly when fires in re- 

mote arid areas of the state are mapped. 
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.2. Number of fires, burned area, life and house loss 

.2.1. New South Wales 

Much of central and northern NSW has experienced very much be-

ow average rainfall most of 2019, with some areas experiencing driest

n record conditions [32] . Long-term rainfall deficiencies, record low

or some areas in the north of the state, have severely impacted on wa-

er resources and firefighting tactics [38] . At the beginning of August

end of Australian winter) nearly all of NSW was in of the following

ategories: drought affected (55%), experiencing drought (23%), and

xperiencing intense drought (17%). The first ‘Section 44 ′ emergency

eclaration of the fire season was made on 10 August 2019, one of the

arliest on record [39] . Significant soil moisture deficit and windy con-

itions resulted in a significant number of bushfires [35] . 

A total of 5,595,739 hectares were burned, 2,475 houses and 25 lives

ost in 10,520 bushfires in NSW ( Fig. 5 ). Two mega-blazes were recorded

n NSW. The Gospers Mountain fire started on 26 October 2019 and

urned approximately 512,626 hectares, becoming one of the biggest

orest fires in Australian history. By 11 January, three fires on the border

f NSW and Victoria, the Dunns Road fire, the East Ournie Creek, and the

iverina’s Green Valley merged and created a second mega-fire which

urned through 895,744 hectares. Fires in NSW burned more area than

ny single fire season during the last 20 years ( Fig. 5 a). 

Last fire season was exceptional with burned area and lives lost more

han one order of magnitude higher, and with houses lost almost two

rders of magnitude higher compared to the previous average, 370,000

ectares, 1 life and 43 houses respectively ( Fig. 5 ). The burned area

efore 2019 was below half a million hectares and relatively consistent,

ith two spikes in 2002/2003 and 2012/2013. 

Before 2019/20 the regression line of the burned area over time had

 negative slope converting to a positive with 2019/20 dataset and it

as near-borderline significance ( p = 0.197) ( Table 3 ). The number of

res was decreasing till 2012 and constantly increasing after ( Fig. 5 a). It

ad a positive slope for both datasets with higher slope for 2001–2020

ataset. Analysis of data showed a notable positive linear relationship

etween the number of fires and burned area. It was close to the limit

f significance ( p = 0.14) for 2001–2020 dataset and statistically signif-

cant ( p = 0.03) for 2001–2020 dataset. 

A regression line of the houses lost over time had a positive slope

or both datasets ( Fig. 5 b). However, for 2001–2020 dataset, it was al-

ost 2 orders of magnitude higher and statistically not very significant

 p = 0.1). Before 2019, the slope for the lives lost was negative and not

tatistically significant. With additional data from 2019/20, it became

ositive and marginally significant ( p = 0.12). A positive linear rela-

ionship between the houses and lives lost existed for the 2001–2019
49 
ataset and it was not statistically significant ( p = 0.26). However, with

dditional data from 2019/20 it became 2 times higher and it was sta-

istically significant ( p = 7.7 × 10 − 14 ). Lives lost were approximately 1%

f houses lost. An absolute error was 0.85 lives for 2001–2020. 

.2.3. Victoria 

In 2019/2020, Victoria was experiencing its third consecutive year

f significant rainfall deficit, especially across the coastal and foothill

orests of Gippsland [38] . These areas had severe moisture deficit soils.

ombined with above average temperatures, it resulted in an increase in

urface fine fuel loads and higher flammability in live vegetation [35] .

uring spring in 2019, cold fronts generated rainfall in southern Victoria

eading to normal fire conditions [32] . 

A total of 3,500 fires were recorded during the 2019/2020 fire sea-

on in Victoria. These fires resulted in 1,505,004 hectares burned, 396

ouses and 5 lives lost (as of 20 March 2020) ( Fig. 6 ). The number of

res and the burned area were one of the biggest in Victorian history.

ne of the most destructive was the Mallacoota fire in the far east of

he state. A small fire started on 29 December 2019, 30 km west of Mal-

acoota [40] . Mallacoota is a small town and iconic tourist destination

n the East Gippsland region of Victoria with a population of approxi-

ately 1000 people, increasing by about 8,000 at Christmas [41] . By

 pm on 30 December, the Emergency Management Victoria issued a

arning that it was too late to evacuate, and people should take shel-

er immediately [40] . On 31 December, approximately 4,000 people,

ncluding 3,000 tourists remained in Mallacoota. By 11 am, fire began

o burn the outskirts of Mallacoota. People gathered at the boat ramp

n the coastline, with Country Fire Authority members working to pro-

ect them. By 1.30 pm, the fire had reached the water’s edge. Roads to

allacoota were blocked for 37 days due to bushfires and fallen trees.

n January 2, for the first time in Victoria’s history, a state of disaster

as declared. On January 3, approximately 1,160 people from Malla-

oota were evacuated on two naval vessels. The last group of people was

vacuated on January 8. At least 300 homes were lost. 

The number of fires in Victoria has been increasing in the last 20

ears with a gap in 2010/11 and 2011/12 fire seasons ( Fig. 6 a), ir-

espectively to dataset ( Table 4 ). Relationships were relatively strong

 r > 0.59) and statistically significant ( p < 0.01). Burned area in Victoria

as variable over the last 20 years with considerable spikes in 2002/03,

006/07, 2008/09, 2013/14 and 2019/20. However, the regression line

f the burned area had a negative trend for all datasets, with 25 times

igher slope for 2001–2019 dataset ( r = − 0.33, p = 0.18). A positive lin-

ar relationship between the number of fires and burned area was ob-

erved. The slope became 3 times higher with 2019/20 fire season data.

elationship was moderate ( r = 0.55) and was essentially significant

 p = 0.015). 

The 2008/09 fire season was extraordinary in terms of the houses

nd lives lost ( Fig. 6 b). A series of bushfires, sadly remembered as the

lack Saturday bushfires, mostly contributed to this [42] . A total of 173

eople died in these fires, and 2,029 houses were lost. As a result, both

he houses and lives lost values in the 2008/09 fire season were higher

han 3 standard deviations for all data (2001–2020). In order, to under-

tand trends during last 20 years we excluded the 2008/09 fire season

rom the houses and lives lost analysis. The number of houses and lives

ost in the 2019/20 fire season were well above average, 32 and 0.5 re-

pectively (excluding 2008/09). The houses lost data had positive trend

or both datasets ( r > 0.32). For 2001–2020 dataset, the slope was 3 times

igher and relationship was significant ( p = 0.04). With 2019/20 data,

he lives lost trend changed from negative to positive. However, both of

hem had a weak correlation and significance. A linear relationship be-

ween the number of houses and lives lost was positive for both datasets

nd significant for 2001–20 dataset ( p = 0.003). 

.2.4. South Australia 

Average to below average rainfall has occurred across South Aus-

ralia, with some areas experiencing persistent dry conditions since the
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Fig. 5. Bushfire aftermath for 2001–2020 fire 

seasons in NSW: a) Burned areas and num- 

ber of fires for each season, B) Houses and 

lives lost for each season. Color of a plot cor- 

responds to a specific axis. 

Table 3 

Regression analysis for 2001–2020 fire seasons in NSW. 

2001–2019 dataset 2001–2020 dataset 

Impact category m SE p r R 2 m SE p r R 2 

Burned area (y) vs Fire 

season (x) 

− 14,695 446,590 0.479 − 0.178 0.032 70,032 1,245,657 0.197 0.310 0.096 

Number of fires (y) vs 

Fire season (x) 

116 1,804 0.177 0.333 0.111 154 1,828 0.061 0.438 0.192 

Burned area (y) vs 

Number of fires(x) 

85 423,491 0.143 0.360 0.129 319 1,137,799 0.031 0.496 0.246 

Houses lost (y) vs Fire 

season (x) 

0.470 68 0.881 0.038 0.001 38 525 0.100 0.389 0.151 

Lives lost (y) vs 

Fire season (x) 

− 0.013 1.09 0.789 − 0.068 0.005 0.368 5.37 0.120 0.369 0.136 

Lives lost (y) vs 

Houses lost (x) 

0.005 1.04 0.259 0.281 0.079 0.01 1.08 7.7 × 10 − 14 0.982 0.965 

where m is the slope of the regression line, SE is the standard error of the regression, p is the significance, r is the Pearson’s correlation 

coefficient, R 2 is the coefficient of determination, x is the predictor variable, y is the response variable. 

50 
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Fig. 6. Bushfire aftermath for 2001–2020 

fire seasons in Victoria: a) Burned areas and 

number of fires for each season; b) Houses 

and lives lost for each season. Color of a plot 

corresponds to a specific axis. 

Table 4 

Regression analysis for 2001–2020 fire seasons in Victoria. 

2001–2019 dataset 2001–2020 dataset 

Impact category m SE p r R 2 m SE p r R 2 

Burned area (y) vs Fire 

season (x) 

− 24,568 388,326 0.183 − 0.329 0.108 − 952 497,886 0.964 − 0.011 0.0001 

Number of fires (y) vs 

Fire season (x) 

48 365 0.01 0.588 0.346 82 587 0.004 0.630 0.396 

Burned area (y) vs 

Number of fires(x) 

116 407,865 0.616 0.127 0.016 360 416,873 0.015 0.547 0.299 

Houses lost (y) vs Fire 

season (x) 

2.7 40.7 0.2 0.327 0.107 8.7 85.4 0.04 0.487 0.237 

Lives lost (y) vs 

Fire season (x) 

− 0.02 1.32 0.77 0.077 0.006 0.06 1.64 0.42 0.203 0.041 

Lives lost (y) vs 

Houses lost (x) 

0.007 1.29 0.399 0.219 0.048 0.011 1.27 0.003 0.656 0.431 

51 
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Fig. 7. Bushfire aftermath for 2003–2020 

fire seasons in South Australia: a) Burned ar- 

eas and number of fires for each season; b) 

Houses and lives lost for each season. Color 

of a plot corresponds to a specific axis. 
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tart of 2018 [31] . Annual rainfall totals were in the lowest 10% of his-

orical observations for most of South Australia. Maximum temperatures

or the year were also well above average and the highest on record for

ost of South Australia. December brought an exceptionally warm end

o the year, with the month the warmest December on record. South

ustralia was second-highest with an area-averaged accumulated FFDI

alue for spring. In the Agricultural districts of South Australia the high-

st peak area-averaged FFDI value for the season on 20 November was

ver 100, which was easily the highest on record for the region as a

hole in spring and the highest for any day of the year for at least 50

ears [32] . 
52 
In South Australia, 286,845 hectares burned, 186 houses and 3

ives lost in 1,324 bushfires in the 2019/20 fire season ( Fig. 7 ). On

0 December 2019, some of the worst bushfires in South Australia

tarted from a series of lightning strikes. These fires were declared

ontained one week later, however three days after that, on 30 De-

emeber 2019, another band of lightning started more fires in the re-

ote Ravine de Casoars Wilderness Area. These fire combined with the

xisting fires and became known as The Kangaroo Island Fire [43] .

he fires were officially contained on 21 January 2020 after burn-

ng for more than three weeks and blackening more than 210,000

ectares [44] . It burned most of the Ravine de Casoars Wilderness
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Table 5 

Regression analysis for 2001–2020 fire seasons in SA. 

2001–2019 dataset 2001–2020 dataset 

Impact category m SE p r R 2 m SE p r R 2 

Burned area (y) vs Fire 

season (x) 

− 27,142 1,309,693 0.717 − 0.098 0.010 − 32,008 1,354,388 0.629 − 0.126 0.016 

Number of fires (y) vs 

Fire season (x) 

6.6 326 0.716 0.099 0.010 8.9 316 0.580 0.145 0.021 

Burned area (y) vs 

Number of fires(x) 

1183 1,304,682 0.285 0.285 0.081 1110 1,271,787 0.297 0.269 0.072 

Houses lost (y) vs Fire 

season (x) 

− 0.481 32.6 0.790 0.072 0.005 3 51.1 0.259 0.290 0.084 

Lives lost (y) vs 

Fire season (x) 

− 0.146 2.24 0.251 − 0.305 0.093 − 0.076 2.31 0.517 − 0.169 0.029 

Lives lost (y) vs 

Houses lost (x) 

0.059 1.32 7.9 × 10 − 5 0.827 0.683 0.03 1.73 0.003 0.673 0.453 
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rea, Flinders Chase National Park, Cape Bouguer Wilderness Area,

ape Torrens Wilders Area, Western River Wilderness Area, and Kelly

ill Caves Conservation Park. The fire caused significant stock losses

or local farmers [44] and burnt between $100 million and $900 mil-

ion of plantation timber [45] .The island blaze destroyed 89 homes and

undreds of other buildings along with high visitation tourism assets

ncluding Flinders Chase Visitor center, Kelly Hill Cave Visitor center

nd world-renown Southern Ocean Lodge. The fire also claimed two

ives. 

Another destructive fire began in the rural residential Adelaide

ills on 20 December 2019, known as the Cuddlee Creek fire [46] .

his fire burned 23,295 hectares, destroy 84 homes and hundreds of

ther buildings and thousands of stock. This fire also burnt through

orld famous viticulture and winery areas, large parts of the wa-

er catchment for Adelaide, the state’s capital city, and killed one

erson. 

The total burned area and number of fires in 2019/20 were not ab-

ormal for South Australia. The burned area and number of fires were

elow or close to average values, 765,719 hectares and 1,152 respec-

ively. Number of fires and area burnt are usually dominate by remote

re in arid parts of South Australia which have minimal impact on hu-

an lives and are not normally actively suppressed by fire agencies.

owever due to the proximity to higher density population and associ-

ted economically valuable land uses, houses and lives lost were above

verage for SA - more than 10 times higher for the houses lost and 4

imes higher for the lives lost. 

Data showed that there was no notable difference between 2003-

019 and 2003–2020 datasets for the burned area and the number of

res ( Fig. 7 a). In both cases, the burned area had a negative trend and

he number of fires had a positive trend. For all datasets, the Pearson’s

orrelation coefficient was between 0.016 and 0.099 and relationships

ere not statistically significant, above p = 0.58 ( Table 5 ). A weak pos-

tive linear relationship between the number of fires and burned area

as found for both datasets. For 2003–2020 dataset, the Pearson’s cor-

elation coefficient was r = 0.27 ( R 

2 = 0.07) and it was approaching to

ignificance level ( p = 0.3). For 2003–2019 dataset coefficients were

imilar ( r = 0.29, R 

2 = 0.08, p = 0.29). 

Slightly different patterns were observed for the houses and lives

ost depending on the dataset ( Fig. 7 b). Before 2019/2020, the regres-

ion line of the houses lost had a negative slope ( m = − 0.5) convert-

ng to a pronounced positive with 2019/20 data ( m = 3). The lives

ost data had a negative trend for both datasets. However, for 2003–

020 dataset, the slope decreased ( m = − 0.076) compared to 2003–2019

ataset ( m = − 0.146). A very strong positive linear relationship between

he houses and lives lost was for 2003–2019 dataset ( r = 0.83, R 

2 = 0.68)

nd it was statistically significant ( p = 7.9 × 10 − 5 ). With additional data

rom 2020, it became less pronounced but still considerable ( r = 0.67,

 

2 = 0.45) and statistically significant ( p = 0.003). 
p  
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.3. Environmental impact 

.3.1. Smoke 

Smoke from the bushfires has shrouded much of Australia’s south-

astern coast ( Fig. 8 ). According to early estimates from the Global Fire

missions Database, the bushfires likely contributed 900 million metric

ons of carbon emissions [47] . Borchers Arriagada et al. [48] estimated

opulation exposure to particulate matter less than 2.5 𝜇m in diameter

PM 2.5 ) for the regions of NSW, Queensland, the ACT and Victoria be-

ween 1 October 2019 and 10 February 2020 and found that PM 2.5 con-

entrations exceeding the 95th percentile of historical daily mean values

ere recorded by at least one monitoring station in the study area on

25 of 133 days. Based on their estimation, bushfire smoke was respon-

ible for 417 excess deaths, 1,124 hospitalisations for cardiovascular

roblems and 2027 for respiratory problems, and 1305 presentations to

mergency departments with asthma. Liu et al. [49] estimated that such

n increase in daily PM 2.5 concentration to induce an increase of at least

.6% in daily all-cause mortality, 4.5% in cardiovascular mortality, and

.1% in respiratory mortality. 

Thick smoke covered populated areas of coastal New South Wales,

ncluding Sydney, particularly from November through to January.

esterly winds continued to blow smoke from fires burning further in-

and towards the coast, resulting in poor air quality in the Sydney Basin

nd many other areas along the New South Wales coast. Sydney expe-

ienced 81 days of poor or hazardous air quality in 2019, more than

he last 10 years combined. The national capital, Canberra, at one point

uring the fires, had the world’s worst air quality. According to Yu et al.

51] , in most areas of Sydney, 24-h average of particulate matter less

han 2.5 𝜇m in diameter (PM 2.5 ) concentrations in December 2019 ex-

eeded 100 μg/m 

3 (5 time lower before bushfires), which is four-times

igher than the World Health organisation guideline value of 25 μg/m 

3 

 Fig. 9 ). 

A blanket of smoke from the Australian fires covered the whole South

sland of New Zealand on 1 January 2020 [53] ( Fig. 8 ). People as far

outh as Dunedin reported smelling smoke in the air. The smoke moved

ver the North Island the following day and affected glaciers in the coun-

ry, giving a brown tint to the snow. By 7 January 2020, the smoke was

arried approximately 11,000 kms across the South Pacific Ocean to

hile, Argentina, Brazil, and Uruguay [54] . 

.3.2. Wildlife 

Over 1 billion animals were estimated to have been killed in the fires,

ccording to ecologist Chris Dickman of the University of Sydney [37] .

he estimate was based on a 2007 World Wide Fund for Nature (WWF)

eport on impacts of land clearing on Australian wildlife in New South

ales. Dickman’s calculation had been based on highly conservative

stimates and the actual mortality would therefore be higher. The figure

rovided by Dickman included mammals (excluding bats), birds, and
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Fig. 8. Smoke from bushfires. This image 

was taken by NASA’s Aqua satellite using the 

MODIS (Moderate Resolution Imaging Spectro- 

radiometer) instrument on 05 January 2020 

[50] . 

Fig. 9. Daily Air Quality Index (AQI) based on concentration of PM2.5 at Randwick Sydney East station [52] . AQI is calculated as the 24 h average of hourly readings. 

Air pollution level: 0–50 is Good, 51–100 – Moderate, 101–150 - Unhealthy for Sensitive Groups, 151–200 – Unhealthy. Colours represent sublevels of AQI: light 

green ~ 0–25, medium green ~ 25–50, dark green ~ 50–75, yellow ~ 75–100, orange ~ 100–125, dark orange ~ 125–150, red ~ 150–175. (For interpretation of 

the references to color in this figure legend, the reader is referred to the web version of this article.) 
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eptiles; and did not include frogs, insects, or other invertebrates. These

alues were estimates and did not account for variation in fire intensity

ithin fires. 

Ecologists feared some endangered species were driven to extinction

y the fires [55] . Animals that survived a bushfire could still find suit-

ble habitats in the immediate vicinity, which was not the case when

n entire distribution is decimated in an intense event. Besides imme-

iate mortality from the fires, there were on-going mortalities after the

res from starvation, lack of shelter, and attacks from predators such as

oxes and feral cats that are attracted to fire-affected areas to hunt. Ac-

ording to the Department of Agriculture, Water and the Environment

56] , 471 plants, 191 invertebrates and 76 terrestrial vertebrates may

e at increased risk of extinction due to the wildfires and require urgent

ssessment. 

On Kangaroo Island a third of the island was burnt. Large parts of

he island are designated as protected areas and provide habitat for a

arge number of animals. NASA estimated that half of the Kangaroo Is-

and’s 50,000 koalas may have been killed [43] . A quarter of the bee-

ives of the Ligurian honeybees that inhabited the Island were believed

o have been destroyed. Experts have expressed concerns over the sur-

ival of several endangered species on the island including the Kanga-

oo Island dunnart ( Sminthopsis aitkeni ) - a mouse-like marsupial - and

he Glossy Black-Cockatoo ( Calyptorhynchus lathami ) [57] . Also, tens of
 S  

54 
housands of farm animals, mainly sheep, were killed in the fire on the

sland [45] . 

.3.3. Financial 

Damage from the bushfires is estimated to have had a $20 billion

mpact to the economy, greatly exceeding the record A$4.4 billion set

y 2009 ′ s Black Saturday fires [58] , [59] . According to AM Best credit

ating agency, bushfires resulted in A$1.7 billion in insurance losses and

hey are expected to rise [60] . Consulting firm SGS Economics estimated

hat smoke produced by bushfires caused between A$12 million and

$50 million worth of daily disruption of Sydney [61] . All of the above

s likely to make a record impact to Australian economy. 

. Summary 

There is no doubt that the fire season of 2019/20 was extraordi-

ary. A total of 18,983,588 hectares were burned, 3,113 houses and 33

ives lost in 15,344 bushfires in Black Summer fires. NSW had the high-

st number of fires, area burned, houses and lives lost for the last 20

ears. Two mega-blazes occurred in NSW and burned more than in any

re season during the last 20 years. Victoria had the highest number of

res, area burned, and houses lost (except for the Black Saturday fires).

A had the highest number of houses lost in the last 20 years. Rela-
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[  
ionships between the burned area and number of fires, the houses and

ives lost had positive trend for all states irrespective of the dataset. A

egative relationship between the houses and lives lost for SA was the

nly exception. Multiple studies [25] , [62–65] show that fire weather

ill become more severe in many regions around the world. Based on

his and observed positive trends for all categories for NSW and Victo-

ia, it is likely that the values will continue to increase in these states in

he future. SA before 2019/20 was in a relatively good position showing

egative trends for almost all categories. However, the 2019/20 fire sea-

on changed that for the worse. The magnitude of effect from increased

re weather may depend on how these conditions alter vegetation across

ustralia, however the indications shown in this analysis are concerning

or fire managers. 

Smoke from bushfires significantly impacted on people with cardio-

ascular and respiratory problems and increased mortality. It also had

ndirect impact on the economy by disrupting communities [61] . The to-

al impact of the 2019/20 bushfire season to the economy is estimated

o be as much as A$40 billion [59] . Due to the record burned area, at

east 1 billion vertebrate animals were lost [37] . It will take many years

o restore the economy in impacted areas, and for animal and vegetation

iodiversity to recover. 

eclaration of Competing Interest 

The authors declare no conflict of interest. The founding sponsors

ad no role in the design of the study; in the collection, analyses, or in-

erpretation of data; in the writing of the manuscript, and in the decision

o publish the results. 

cknowledgments 

The work was funded by the Bushfire and Natural Hazards Cooper-

tive Research center. We wish to acknowledge the agencies and indi-

iduals that participated in the study. 

eferences 

[1] D.K. Bonilla-Aldana, J.A. Suárez, C. Franco-Paredes, S. Vilcarromero, S. Mat-

tar, J.E. Gómez-Marín, W.E. Villamil-Gómez, J. Ruíz-Sáenz, J.A. Cardona-Ospina,

S.E. Idarraga-Bedoya, et al. Brazil burning! What is the potential impact of the

Amazon wildfires on vector-borne and zoonotic emerging diseases? – A state-

ment from an international experts meeting, Travel Med. Infect. Dis. 31 (2019),

doi: 10.1016/j.tmaid.2019.101474 . 

[2] S.E. Espinoza Espinoza, Fuente Vivaceta De la, A.E. Machuca Contreras, C.A. Val-

paraiso’s, 2014 fire: evaluation of environmental and epidemiological risk factors

during the emergency through a crowdsourcing tool, Disaster Med. Public Health

Prep. 11 (2017) 239–243, doi: 10.1017/dmp.2016.117 . 

[3] P. Pliscoff, M. Folchi, E. Aliste, D. Cea, J.A. Simonetti, Chile mega-fire 2017: An anal-

ysis of social representation of forest plantation territory, Appl. Geogr. 119 (2020),

doi: 10.1016/j.apgeog.2020.102226 . 

[4] N.I. Vargas-Cuentas , A. Roman-Gonzalez , Analysis of the environmental impact of

the Sama forest fire in Tarija Bolivia, in: Proceedings of the International Astronau-

tical Congress, Bremen; Germany, IAC, 2018 Code 147415 . 

[5] N. Evangeliou, A. Kylling, S. Eckhardt, V. Myroniuk, K. Stebel, R. Paugam, S. Zibtsev,

A. Stohl, Open fires in Greenland in summer 2017: Transport, deposition and radia-

tive effects of BC, OC and BrC emissions, Atmos. Chem. Phys. 19 (2019) 1393–1411,

doi: 10.5194/acp-19-1393-2019 . 

[6] Freedman, A. Greenland wildfire part of unusual spike in Arctic blazes

this summer. Availabe online: https://www.washingtonpost.com/weather/2019/

07/18/greenland-wildfire-part-unusual-spike-arctic-blazes-this-summer/ (accessed 

on 20 March 2020). 

[7] Uhr, C.; Johansson, B.J.E.; Landgren, J.; Holmberg, M.; Bynander, F.; Koelega, S.;

Trnka, J. Once upon a time in Västmanland-the power of narratives or how the

"truth" unfolds. In Proceedings of the International ISCRAM Conference. 

[8] Harris, C. Data shows Sweden’s wildfire problem is unusual. Availabe online:

https://www.euronews.com/2018/07/20/this-chart-explains-how-unusual-sweden-

s-wildfire-problem-is (accessed on 20 March 2020). 

[9] T. Brown, S. Leach, B. Wachter, B. Gardunio, The Extreme 2018 Northern Cali-

fornia Fire Season, Bull. Am. Meteorol. Soc. 101 (2020) S1–S4, doi: 10.1175/bam-

s-d-19-0275.1 . 

10] K. Lagouvardos, V. Kotroni, T.M. Giannaros, S. Dafis, Meteorological conditions con-

ducive to the rapid spread of the deadly wildfire in Eastern Attica, Greece, Bull. Am.

Meteorol. Soc. 100 (2019) 2137–2145, doi: 10.1175/bams-d-18-0231.1 . 

11] P. Addison, T. Oommen, Post-fire debris flow modeling analyses: case study of

the post-Thomas Fire event in California, Nat. Hazard. 100 (2020) 329–343,

doi: 10.1007/s11069-019-03814-x . 
55 
12] Government of British Columbia. Wildfire Causes - Province of British

Columbia. Availabe online: https://www2.gov.bc.ca/gov/content/governments/

organizational-structure/ministries-organizations (accessed on 20 March 2020). 

13] A.A. Mamuji, J.L. Rozdilsky, Wildfire as an increasingly common natural disaster

facing Canada: understanding the 2016 Fort McMurray wildfire, Nat. Hazard. 98

(2019) 163–180, doi: 10.1007/s11069-018-3488-4 . 

14] M. Turco, S. Jerez, S. Augusto, P. Tarín-Carrasco, N. Ratola, P. Jiménez-Guerrero,

R.M. Trigo, Climate drivers of the 2017 devastating fires in Portugal, Sci. Rep. 9

(2019), doi: 10.1038/s41598-019-50281-2 . 

15] Teodoro, A.C.; Amaral, A. Evaluation of forest fires in Portugal Mainland during

2016 summer considering different satellite datasets. In Proceedings of the SPIE -

The International Society for Optical Engineering. 

16] Liesowska, A. Fire rages on as death toll from two blazes reaches 33. Availabe online:

http://siberiantimes.com/ecology/casestudy/news/n0187-fire-rages-on-as-death- 

toll-from-two-blazes-reaches-33/ (accessed on 20 March 2020). 

17] E. Prelgauskas , Helping fire-impacted families in rebuilding: Toward enhanced com-

munity resilience outcomes, Aust. J. Emerg. Manag. 31 (2016) 56–61 . 

18] C. Wilkinson, C. Eriksen, T. Penman, Into the firing line: civilian ingress during

the 2013 “Red October ” bushfires, Australia, Nat. Hazard. 80 (2016) 521–538,

doi: 10.1007/s11069-015-1982-5 . 

19] A tribute, Bush Fire Bull. 36 (2) (2014) 1–84 . 

20] BBC News. Wildfire sweeps across Greek island of Chios. Availabe on-

line: https://www.bbc.com/news/world-europe-19323968 (accessed on 20 March

2020). 

21] D. Myhre, S. Bajaj, L. Fehr, M. Kapusta, K. Woodley, A. Nagji, Precepting at the time

of a natural disaster, Clin. Teach. 14 (2017) 104–107, doi: 10.1111/tct.12523 . 

22] K.R. Kirsch, B.A. Feldt, D.F. Zane, T. Haywood, R.W. Jones, J.A. Horney, Longitudi-

nal community assessment for public health emergency response to wildfire, Bastrop

County, Texas, Health Secur. 14 (2016) 93–104, doi: 10.1089/hs.2015.0060 . 

23] I.B. Konovalov, M. Beekmann, I.N. Kuznetsova, A. Yurova, A.M. Zvyagintsev, Atmo-

spheric impacts of the 2010 Russian wildfires: integrating modelling and measure-

ments of an extreme air pollution episode in the Moscow region, Atmos. Chem. Phys.

11 (2011) 10031–10056, doi: 10.5194/acp-11-10031-2011 . 

24] N. Gilbert, Russia counts environmental cost of wildfires, Nature (2010),

doi: 10.1038/news.2010.40410.1038/news.2010.404 . 

25] J.E. Halofsky, D.L. Peterson, B.J. Harvey, Changing wildfire, changing forests: the

effects of climate change on fire regimes and vegetation in the Pacific Northwest,

USA, Fire Ecol. 16 (2020) 4, doi: 10.1186/s42408-019-0062-8 . 

26] L. Vilà-Vilardell, W.S. Keeton, D. Thom, C. Gyeltshen, K. Tshering, G. Gratzer,

Climate change effects on wildfire hazards in the wildland-urban-interface

– Blue pine forests of Bhutan, Forest Ecol. Manag. 461 (2020) 117927,

doi: 10.1016/j.foreco.2020.117927 . 

27] R.A. Bradstock, A biogeographic model of fire regimes in Australia: cur-

rent and future implications, Glob. Ecol. Biogeogr. 19 (2010) 145–158,

doi: 10.1111/j.1466-8238.2009.00512.x . 

28] J. Parente, M.G. Pereira, M. Amraoui, E.M. Fischer, Heat waves in Portugal: Cur-

rent regime, changes in future climate and impacts on extreme wildfires, Sci. Total

Environ. 631-632 (2018) 534–549, doi: 10.1016/j.scitotenv.2018.03.044 . 

29] G. Di Virgilio, J.P. Evans, S.A.P. Blake, M. Armstrong, A.J. Dowdy, J. Sharples,

R. McRae, Climate change increases the potential for extreme wildfires, Geophys.

Res. Lett. 46 (2019) 8517–8526, doi: 10.1029/2019GL083699 . 

30] S. Matthews, A.L. Sullivan, P. Watson, R.J. Williams, Climate change, fuel and

fire behaviour in a eucalypt forest, Glob. Change Biol. 18 (2012) 3212–3223,

doi: 10.1111/j.1365-2486.2012.02768.x . 

31] Bureau of Meteorology. Annual climate statement 2019. Availabe online:

http://www.bom.gov.au/climate/current/annual/aus/#tabs = Overview (accessed

on 20 March 2020). 

32] Bureau of Meteorology. Special Climate Statement 72 —dangerous bushfire weather

in spring 2019; 2019; pp 1–28. 

33] Bureau of Meteorology. Indian Ocean Influences on Australian Climate. Availabe

online: http://www.bom.gov.au/climate/iod/ (accessed on 20 March 2020). 

34] A.J. Dowdy , Australian Fire Weather As Represented By the McArthur Forest Fire

Danger Index and the Canadian Forest Fire Weather Index / Andrew J. Dowdy ... [et

al.], Centre for Australian Weather and Climate Research, Melbourne, 2009 . 

35] R.H. Nolan, M.M. Boer, L. Collins, V. Resco de Dios, H. Clarke, M. Jenkins, B. Kenny,

R.A. Bradstock, Causes and consequences of eastern Australia’s 2019–20 season of

mega-fires, Glob. Change Biol. 26 (2020) 1039–1041, doi: 10.1111/gcb.14987 . 

36] M.M. Boer, V. Resco de Dios, R.A. Bradstock, Unprecedented burn area

of Australian mega forest fires, Nat. Clim. Change 10 (2020) 171–172,

doi: 10.1038/s41558-020-0716-1 . 

37] C. Dickman, T. McDonald, Some personal reflections on the present and future of

Australia’s fauna in an increasingly fire-prone continent, Ecol. Manag. Restor. (2020)

n/a , doi: 10.1111/emr.12403 . 

38] BNHCRC., Australian Seasonal Bushfire Outlook: August 2019, in: HAZARD NOTES,

The Bushfire and Natural Hazard Cooperative Research Centre, 2019, pp. 1–4 . 

39] Rural Fires Act 1997. Availabe online: http://www8.austlii.edu.au/cgi-bin/viewdoc/

au/legis/nsw/consol_act/rfa1997138/s44.html (accessed on 20 March 2020). 

40] McGuire, A.; Butt, C. Cut off: How the crisis at Mallacoota unfolded. Availabe

online: https://www.theage.com.au/national/victoria/cut-off-how-the-crisis-at- 

mallacoota-unfolded-20200117-p53sdn.html (accessed on 20 March 2020). 

41] Cunningham, M. ’This one sounds like a monster’: Mallacoota on edge

as fire closes in. Availabe online: https://www.theage.com.au/national/

victoria/this-one-sounds-like-a-monster-mallacoota-on-edge-as-fire-closes-in- 

20191230-p53nlg.html (accessed on 20 March 2020). 

42] G. Morgan , M. Leonard , Black Saturday: Australia’s deadliest bushfire, Unasylva 66

(2015) 32–39 . 

https://doi.org/10.1016/j.tmaid.2019.101474
https://doi.org/10.1017/dmp.2016.117
https://doi.org/10.1016/j.apgeog.2020.102226
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0004
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0004
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0004
https://doi.org/10.5194/acp-19-1393-2019
https://www.washingtonpost.com/weather/2019/07/18/greenland-wildfire-part-unusual-spike-arctic-blazes-this-summer/
https://www.euronews.com/2018/07/20/this-chart-explains-how-unusual-sweden-s-wildfire-problem-is
https://doi.org/10.1175/bams-d-19-0275.1
https://doi.org/10.1175/bams-d-18-0231.1
https://doi.org/10.1007/s11069-019-03814-x
https://www2.gov.bc.ca/gov/content/governments/organizational-structure/ministries-organizations
https://doi.org/10.1007/s11069-018-3488-4
https://doi.org/10.1038/s41598-019-50281-2
http://siberiantimes.com/ecology/casestudy/news/n0187-fire-rages-on-as-death-toll-from-two-blazes-reaches-33/
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0012
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0012
https://doi.org/10.1007/s11069-015-1982-5
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0014
https://www.bbc.com/news/world-europe-19323968
https://doi.org/10.1111/tct.12523
https://doi.org/10.1089/hs.2015.0060
https://doi.org/10.5194/acp-11-10031-2011
https://doi.org/10.1038/news.2010.40410.1038/news.2010.404
https://doi.org/10.1186/s42408-019-0062-8
https://doi.org/10.1016/j.foreco.2020.117927
https://doi.org/10.1111/j.1466-8238.2009.00512.x
https://doi.org/10.1016/j.scitotenv.2018.03.044
https://doi.org/10.1029/2019GL083699
https://doi.org/10.1111/j.1365-2486.2012.02768.x
http://www.bom.gov.au/climate/current/annual/aus/\043tabs=Overview
http://www.bom.gov.au/climate/iod/
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0025
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0025
https://doi.org/10.1111/gcb.14987
https://doi.org/10.1038/s41558-020-0716-1
https://doi.org/10.1111/emr.12403
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0029
http://www8.austlii.edu.au/cgi-bin/viewdoc/au/legis/nsw/consol_act/rfa1997138/s44.html
https://www.theage.com.au/national/victoria/cut-off-how-the-crisis-at-mallacoota-unfolded-20200117-p53sdn.html
https://www.theage.com.au/national/victoria/this-one-sounds-like-a-monster-mallacoota-on-edge-as-fire-closes-in-20191230-p53nlg.html
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0030
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0030
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0030


A.I. Filkov, T. Ngo and S. Matthews et al. Journal of Safety Science and Resilience 1 (2020) 44–56 

[  

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

[  

 

[  

[  

 

[  

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

[  

[  

 

43] Lynn, J. Kangaroo Island Shows Burn Scars On One Third of the Land Mass.

Availabe online: https://www.nasa.gov/feature/goddard/2020/kangaroo-

island-shows-burn-scars-on- 

one-third-of-the-land-mass (accessed on 20 March 2020). 

44] Australian Associated Press. Kangaroo Island fire officially contained. Availabe on-

line: https://www.portlincolntimes.com.au/story/6590965/kangaroo-island-fire-

officially-contained/ (accessed on 20 March 2020). 

45] Adams, P. Bushfires devastate Kangaroo Island farmers and timber in-

dustry amid heavy losses. Availabe online: https://www.abc.net.au/news/

2020-02-02/kangaroo-island-sheep-stock-timber-destroyed-in-bushfires/11917220 

(accessed on 20 March 2020). 

46] 9NEWS. Adelaide Hills fire continues amid heatwave warnings. Availabe on-

line: https://www.9news.com.au/national/adelaide-hills-fire-downgraded-several-

blazes-continue-to-burn/041d9ceb-f724-4753-9739-02347b9d1a23 (accessed on 20

March 2020). 

47] Rathi, A.; Lombrana, L.M. Australia’s Fires Likely Emitted as Much Carbon

as All Planes. Availabe online: https://www.bloomberg.com/news/articles/

2020-01-21/australia-wildfires-cause-greenhouse-gas-emissions-to-double (ac-

cessed on 20 March 2020). 

48] N. Borchers Arriagada, A.J. Palmer, D.M. Bowman, G.G. Morgan, B.B. Jalaludin,

F.H. Johnston, Unprecedented smoke-related health burden associated

with the 2019–20 bushfires in eastern Australia, Med. J. Aust. (2020),

doi: 10.5694/mja2.5054510.5694/mja2.50545 . 

49] C. Liu, R. Chen, F. Sera, A.M. Vicedo-Cabrera, Y. Guo, S. Tong, M.S.Z.S. Coelho,

P.H.N. Saldiva, E. Lavigne, P. Matus, et al. Ambient Particulate Air Pollution and

Daily Mortality in 652 Cities, N. Engl. J. Med. 381 (2019) 705–715, doi: 10.1056/NE-

JMoa1817364 . 

50] Jenner, L. Rains Bring Very Temporary Relief to Australia’s Fires. Availabe online:

https://www.nasa.gov/image-feature/goddard/2020/rains-bring-very-temporary- 

relief-to-australias-fires (accessed on 20 March 2020). 

51] P. Yu, R. Xu, M.J. Abramson, S. Li, Y. Guo, Bushfires in Australia: a serious

health emergency under climate change, Lancet Planet. Health 4 (2020) e7–e8

https://doi.org/10.1016/S2542-5196(19)30267-0 . 

52] The World Air Quality Index project. Availabe online:

https://aqicn.org/city/australia (accessed on 20 March 2020). 

53] MacManus, J. Blood Red Sun Greets NZ on New Years Day as Australian Bush-

fire Smoke Stains Skies. Availabe online: https://www.stuff.co.nz/national/

118546900/blood-red-sun-greets-nz-on-new-years-day-as-australian-bushfire- 

smoke-stains-skies (accessed on 20 March 2020). 

54] McCullough, E. Smoke from Fires in Australia Reaches Brazil. Availabe online:

https://www.brusselstimes.com/all-news/business/103241/belgiums-hospitality- 

sector-projected-to-lose-1-7-billion-euros/ (accessed on 20 March 2020). 
56 
55] D. Southwell , Design Considerations For Post Natural Disaster (fire) On-Ground As-

sessment of Status of species, Ecological communities, Habitats and Threats (Prelim-

inary Draft), 2020, p. 119 . 

56] DAWE. Wildlife and Threatened Species Bushfire Recovery Re-

search and Resources. Availabe online: https://www.environment.gov.

au/biodiversity/bushfire-recovery/research-and-resources (accessed on 20 March

2020). 

57] Natural Resources. New Wildlife and Habitat Bushfire Recovery Program

2019-20 to 2020-21. Availabe online: https://www.naturalresources.sa.

gov.au/kangarooisland/land-and-water/fire-management/New_Wildlife_and_ 

Habitat_Bushfire_Recovery_Program_2019-20_to_2020-21 (accessed on 20 March

2020). 

58] Butler, B. Economic Impact of Australia’s Bushfires Set to Exceed $4.4bn Cost

of Black Saturday. Availabe online: https://www.theguardian.com/australia-

news/2020/jan/08/economic-impact-of-australias-bushfires-set-to-exceed- 

44bn-cost-of-black-saturday (accessed on 20 March 2020). 

59] Wilkie, K. Devastating Bushfire Season Will Cost Australian the Economy

$20BILLION, Experts Warn. Availabe online: https://www.dailymail.co.uk/news/

article-7863335/Devastating-bushfire-season-cost-Australian-economy-20BILLION- 

experts-warn.html (accessed on 20 March 2020). 

60] Martin, M. AM Best: Insurers can Contend with Mounting Bushfire Losses. Avail-

abe online: https://www.insurancebusinessmag.com/au/news/breaking-news/am-

best-insurers-can-contend-with-mounting-bushfire-losses-211540.aspx (accessed on

20 March 2020). 

61] McDonald, T. Australia Fires: The Huge Economic Cost of Australia’s Bushfires.

Availabe online: https://www.bbc.com/news/business-50862349 (accessed on 20

March 2020). 

62] D.M.J.S. Bowman, J. Balch, P. Artaxo, W.J. Bond, M.A. Cochrane, C.M. D’Antonio,

R. Defries, F.H. Johnston, J.E. Keeley, M.A. Krawchuk, The human di-

mension of fire regimes on Earth, J. Biogeogr. 38 (2011) 2223–2236,

doi: 10.1111/j.1365-2699.2011.02595.x . 

63] S. Harris, C. Lucas, Understanding the variability of Australian fire weather between

1973 and 2017, PLoS One 14 (2019) e0222328, doi: 10.1371/journal.pone.0222328 .

64] J. Keeley, A. Syphard, Climate change and future fire regimes: examples from Cali-

fornia, Geosciences 6 (2016) 37, doi: 10.3390/geosciences6030037 . 

65] C. Nitschke, J Innes, Interactions between fire, climate change and forest bio-

diversity, CAB Rev. Perspect. Agric. Vet. Sci. Nutr. Nat. Resour. 1 (2006),

doi: 10.1079/PAVSNNR20061060 . 

https://www.nasa.gov/feature/goddard/2020/kangaroo-island-shows-burn-scars-on-one-third-of-the-land-mass
https://www.portlincolntimes.com.au/story/6590965/kangaroo-island-fire-officially-contained/
https://www.abc.net.au/news/2020-02-02/kangaroo-island-sheep-stock-timber-destroyed-in-bushfires/11917220
https://www.9news.com.au/national/adelaide-hills-fire-downgraded-several-blazes-continue-to-burn/041d9ceb-f724-4753-9739-02347b9d1a23
https://www.bloomberg.com/news/articles/2020-01-21/australia-wildfires-cause-greenhouse-gas-emissions-to-double
https://doi.org/10.5694/mja2.5054510.5694/mja2.50545
https://doi.org/10.1056/NEJMoa1817364
https://www.nasa.gov/image-feature/goddard/2020/rains-bring-very-temporary-relief-to-australias-fires
https://doi.org/10.1016/S2542-5196\05019\05130267-0
https://aqicn.org/city/australia
https://www.stuff.co.nz/national/118546900/blood-red-sun-greets-nz-on-new-years-day-as-australian-bushfire-smoke-stains-skies
https://www.brusselstimes.com/all-news/business/103241/belgiums-hospitality-sector-projected-to-lose-1-7-billion-euros/
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0034
http://refhub.elsevier.com/S2666-4496(20)30009-8/sbref0034
https://www.environment.gov.au/biodiversity/bushfire-recovery/research-and-resources
https://www.naturalresources.sa.gov.au/kangarooisland/land-and-water/fire-management/New_Wildlife_and_Habitat_Bushfire_Recovery_Program_2019-20_to_2020-21
https://www.theguardian.com/australia-news/2020/jan/08/economic-impact-of-australias-bushfires-set-to-exceed-44bn-cost-of-black-saturday
https://www.dailymail.co.uk/news/article-7863335/Devastating-bushfire-season-cost-Australian-economy-20BILLION-experts-warn.html
https://www.insurancebusinessmag.com/au/news/breaking-news/am-best-insurers-can-contend-with-mounting-bushfire-losses-211540.aspx
https://www.bbc.com/news/business-50862349
https://doi.org/10.1111/j.1365-2699.2011.02595.x
https://doi.org/10.1371/journal.pone.0222328
https://doi.org/10.3390/geosciences6030037
https://doi.org/10.1079/PAVSNNR20061060

	Impact of Australia's catastrophic 2019/20 bushfire season on communities and environment. Retrospective analysis and current trends
	1 Introduction
	2 Methods
	3 Results and discussion
	3.1 Preconditions of black summer fires
	3.2 Number of fires, burned area, life and house loss
	3.2.1 New South Wales
	3.2.3 Victoria
	3.2.4 South Australia

	3.3 Environmental impact
	3.3.1 Smoke
	3.3.2 Wildlife
	3.3.3 Financial


	4 Summary
	Declaration of Competing Interest
	Acknowledgments
	References


