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Human exposure and sensitivity to globally 
extreme wildfire events
David M. J. S. Bowman1*, Grant J. Williamson1, John T. Abatzoglou2, Crystal A. Kolden3,  
Mark A. Cochrane4 and Alistair M. S. Smith3

Extreme wildfires have substantial economic, social and environmental impacts, but there is uncertainty whether such events 
are inevitable features of the Earth’s fire ecology or a legacy of poor management and planning. We identify 478 extreme wild-
fire events defined as the daily clusters of fire radiative power from MODIS, within a global 10 × 10 km lattice, between 2002 
and 2013, which exceeded the 99.997th percentile of over 23 million cases of the ΣFRP 100 km−2 in the MODIS record. These 
events are globally distributed across all flammable biomes, and are strongly associated with extreme fire weather conditions. 
Extreme wildfire events reported as being economically or socially disastrous (n = 144) were concentrated in suburban areas in 
flammable-forested biomes of the western United States and southeastern Australia, noting potential biases in reporting and 
the absence of globally comprehensive data of fire disasters. Climate change projections suggest an increase in days conducive 
to extreme wildfire events by 20 to 50% in these disaster-prone landscapes, with sharper increases in the subtropical Southern 
Hemisphere and European Mediterranean Basin.

Extreme wildfires have substantial economic, social and environ-
mental impacts, with concern that climate change is increas-
ing their occurrence1,2. We show that such events are globally 

distributed and are associated with highly anomalous fire weather 
conditions. Our validated global database of extreme wildfires shows 
that those reported as being economically or socially disastrous are 
concentrated in suburban areas intermixed with flammable forest in 
the developed world. The lower occurrence of fire disasters in the 
Mediterranean compared to the climatically analogous regions in the 
western United States and southeastern Australia suggest regional 
land use can substantially reduce the occurrence of fire disasters. 
Extreme wildfire events are inevitable features of flammable biomes, 
and climate change is likely to increase their frequency and global 
occurrence, particularly in subtropical regions of the Southern 
Hemisphere, and the European Mediterranean Basin and Levant.

Climate change is causing fire seasons to start earlier and fin-
ish later2,3, with an associated trend towards more extreme wildfire 
events in terms of their geographic extent and duration, intensity, 
severity, associated suppression costs, and loss of life and property4. 
Determining the relative role of biome, climate change, and past fire 
management practices in influencing these extreme fire events is 
essential for effective wildfire policy, and to do this demands using 
consistent terminology regarding how fires impact the environ-
ment5,6. The term ‘megafire’ is widely used to describe such extreme 
fire events7,8, but there is currently no agreed-upon operational 
definition of this concept — which, combined with fragmentary 
records of fire events and their economic and environmental costs, 
frustrates global and historical analyses of extreme fire events.

Here, we use energetically extreme landscape fire events as a robust 
index of the ‘extreme wildfire event’. We base our analysis on energy 
release from the fire radiative power (FRP) MODIS product using 
daily Σ FRP within a global 10 ×  10 km lattice for 4,382 days between 
2002 and 2013. We identified over 23 million events and selected the 
top 500 representing the 99.997th percentile of all the Σ FRP 100 km−2 

in the MODIS record. We used a systematic verification process to 
validate that the events were wildfires (Fig. 1), although this approach 
was unable to differentiate if the cause of the event was multiple indi-
vidual fires in the same geographic location, or a single fire with  
multiple high-intensity fire fronts. Accordingly, we describe our unit 
of analysis as an ‘event’ rather than as an individual fire. Our approach 
enables robust analyses given these events are precisely quantified  
in terms of their energy release, location and timing.

We undertook a systematic web search of media and official 
reports to determine if these extreme wildfire events were disas-
trous as defined by criteria designed to capture direct economic, 
political or social impacts (Fig. 1). Our criteria for extreme wildfire 
events causing disasters does not account for immediate or long-
term impacts on ecosystem goods and services, nor vulnerability to 
future disasters9. We acknowledge that our approach is constrained 
by the absence of globally comprehensive data on fire disasters, and 
reliance on media reporting may bias attribution to the developed 
world. Further, we did not consider the indirect effects of smoke 
pollution on human health from these extreme wildfire events, 
a factor known to cause substantial morbidity and occasional  
mortality10. We also categorized the extreme wildfire events into 
seven groups based on their biological, climatological and soci-
etal context (Table  1). The logic of our classification and attri-
bution of extreme fire events is summarized in Fig.  1 and in the 
Supplementary Information.

Results and discussion
A feature of our analysis is that the extreme wildfire events we have 
identified have a global distribution, albeit they are generally absent 
in biomes with a very high rate of landscape fire, such as tropical 
savanna (Figs 2a and 3). Extreme wildfire events were concentrated 
in regions with mid-to-high values of fire activity (Fig. 3, grey line), 
such as the forests of southeastern Australia and the western USA, 
where wildfire primarily occurs in seasonally dry periods during 
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• Relies on local predictions of surface climatic variables

• Limited understanding of the fire-climate relationship

Main issues
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Today’s focus: Large Fire Forecasting and Projection 

Objectives

1. Can we relate synoptic patterns to fire weather?

2. Can synoptic patterns be used to predict large fire probability?
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1. Are synoptic patterns related to fire weather

Drawing credit: Jill Pelto, 2016 
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Four Weather Types with contrasted patterns
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2. Are Weather Types related to large fire probability  ?  

Drawing credit: Jill Pelto, 2016 
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Conclusions and perspectives

Ruffault et al. 2016 Environmental Research Letters
Ruffault et al. 2017 International Journal of Climatology

Weather types are related to fire weather and can be used to
predict large fire occurrence

Should we use WTs for large fire impact studies ?
• Evaluate the predictive capacity of WTs
• Drought estimations?
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