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A fiery wake-up call for climate science
To improve climate resilience for extreme fire events, researchers need to translate modelling uncertainties into
useful guidance and be wary of overconfidence. If Earth system models do not capture the severity of recent
Australian wildfires, development is urgently needed to assess whether we are underestimating fire risk.

Benjamin M. Sanderson and Rosie A. Fisher
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which are often distilled into strong
attribution statements in the media3,4
or explicitly make the case for a simple
relationship between warming and fire
behaviour5–7. But the relationship between
fire and climate is notably complex8,
and blanket simplifying statements risk
undermining expert authority. Worse, by
failing to recognize and address knowledge
gaps, we may leave society unprepared for

the loss of thousands of homes and the death
of hundreds of millions of animals2.
The natural and human disaster has
clear political resonance in a country
with contentious climate politics, and
the question of whether anthropogenic
climate change has caused or exacerbated
the fires has been a central topic of public
debate. Scientists drawn into this debate are
generally expected to provide ‘hot takes’,
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he images from the Australian fires
served as a bitter climax to a year that
was already dominated by climate
change and climate-related extreme events.
A natural disaster of breathtaking scale
unfolds as large fractions of Australia’s east
coast have burned to an extent not seen in
living memory, releasing an estimated 350
million tonnes of CO2 into the atmosphere
in November and December1, and causing
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Fig. 1 | Observed and projection of historical and future climate in New South Wales, Australia. Projections are from four CMIP6 models that include fire
model output in scenario projections. a–d, Evolution of the annual mean surface-temperature anomaly (from a 1960 to 1990 baseline); absolute precipitation;
CO2 emissions from fire; and vegetation biomass. e, Fire CO2 emissions (illustrated by bubble size) as a function of both surface temperature anomaly and total
annual mean precipitation. Future projections are shown in faded colours. Mean observed biomass estimates are from GLOBALCARBON36 and GeoCarbon37.
Temperature and precipitation data are from the Australian Bureau of Meteorology38. Fire emissions data are from the Global Fire Emissions Database (GFED)1.
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potentially more extreme events
in the future.
For an increasing number of
catastrophes, strong attribution statements
are justified. Mean warming levels are
now sufficiently large that many hightemperature extreme events would
be impossible without anthropogenic
influence9, and they can be reliably projected
to become more intense in the future. In
the case of recent events in Australia, there
is no doubt that the record temperatures of
the past year would not be possible without
anthropogenic influence, and that under a
scenario where emissions continue to grow,
such a year would be average by 2040 and
exceptionally cool by 2060 (Fig. 1a).
If all else is kept constant, higher
temperatures will result in more fireprone conditions10. This is represented in
operational fire risk metrics used in forest
management, which are calculated as
functions of temperature, wind, moisture
and fuel availability11. Such metrics, however,
are calculated on historical datasets, and a
premise that these relationships will hold in
future climate is an extrapolation12.
The complex dynamics of fuel
accumulation, vegetation dynamics and their
interactions with climate under transient
CO2 concentrations, as well as impacts of
land management and human ignitions, are
likely to result in fire behaviour patterns
not represented in historical records. Thus,
fire prediction over decadal to century
timescales requires more mechanistic
approaches, capable of capturing the
numerous interacting system components
that affect the evolution of fire risk13,14.
Process-based global fire models based
on these principles have progressed rapidly
over the past decade15–17. Their use in fully
coupled climate projections, however, is still
not standard practice. Many Earth system
models are thus omitting a potentially
important component of the global carbon–
climate feedback, while failing to deliver
projections of one of the main facets of
climate impacts on human society18,19. For
those few CMIP6 models that do include
prognostic fire (four unique models with
future coupled projections: EC-Earth3-Veg,
CESM2, CNRM-ESM2-1 and MPI-ESM12-LR), there can be large regional biases
that make projections or formal attribution
statements difficult.
For the case of New South Wales (the
Australian state in which the fire extent is
most unprecedented), the scale of the fires
is unmatched in the CMIP6 simulations
in either the present or the future (Fig. 1c;
similar biases are evident in other Australian
territories, as illustrated in the Supplementary
Information). This is partly because 2019

was marked also by exceptionally low rainfall
(Fig. 1b). For EC-Earth3-Veg (the one CMIP6
model that does simulate occasional megafires in southeast Australia), rainfall is a
much stronger predictor of fire extent than
temperature. Indeed, in that model, it is only
at much greater regional warming levels —
4 °C above pre-industrial — that similar fire
extents are seen in years without comparably
low rainfall (Fig. 1e). Precipitation projections
for southeast Australia remain highly
uncertain and model-dependent10, and
assessing the changing probabilities of lowrainfall years like 2019 under climate change
requires large ensembles that simulate many
realizations of natural variability20.
Fundamentally, modelling the cascade
of climate, vegetation and anthropogenic
feedbacks that lead to extreme fire events in
semi-arid regions is challenging. In coupled
Earth system models, biases in climate (or
productivity) can mean that some models
do not simulate enough vegetation to
allow large burns to occur (for example
MPI — purple in Fig. 1). Conversely, in
systems that are wet or dominated by
woody plants, vegetation- or fuel-mediated
feedbacks may act to maintain systems in
a fire-free state (both in models21 and real
life22,23). Simulation of transitional semi-arid
vegetation is in itself difficult24 on account of
poorly understood phenology25,26, root water
access27,28, grass/understorey dynamics29,
fuel dynamics8 and heterogeneity. Fire
ignition also requires parameterization and
calibration. Fire models typically initialize
burning events through both lightninginduced and anthropogenic ignitions, the
latter based on a probabilistic function
of human population density (as is the
effectiveness of fire suppression activities)30.
Recently published results of the first
‘FireMIP’ intercomparison project17,31
have illustrated the capabilities of global
fire models (and their host land-surface
schemes) to capture these interactions
when driven ‘offline’ with climate reanalysis
data. They shed light on the causes of
variability in model responses to climate and
vegetation state8, as well as illustrating the
importance of appropriate representation
of land use and human ignitions30. If we
aspire to make useful projections of the
future risk of catastrophic fires, entraining
this new understanding into coupled Earth
system simulations must be a high priority
of upcoming model development efforts.
At present, the inclusion of fire is arguably
considered as an afterthought (or not at all)
by many Earth system modelling
efforts, representing a mismatch between
resources dedicated to understanding this
problem and the seriousness of its
potential consequences.

It is critical that Earth system modelling
is capable of informing the changing risk of
potentially devastating events. The fact that
Australia has experienced damages that go
beyond what is currently simulated highlights
that current syntheses may be missing major
risks. Policymakers should take this as a
warning that ongoing emissions will take us
into an increasingly unpredictable climate
space where impacts may be more extreme
than projections. Scientists, on the other hand,
need to tread a delicate line of underlining
what is certain and providing appropriate
guidance on what is not, while redoubling
efforts to better represent climate impacts that
most directly affect society.
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