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Subseasonal drivers of extreme fire weather in 
Australia during spring and summer

Satellite image from Himawari-8 on 4 December 2019



The 2019-2020 fire season in Australia   Primed for high fire danger ratings…

Preceding conditions in 2019
Pre-existing rainfall deficiencies and dry soils

Fire weather in spring 2019
The driest and second warmest spring on record, with windy conditions across the southeast

Very much below average soil moisture (winter)

Very much below average rainfall (Jan-Aug) Very much above average daytime temperatures

Above average mean sea level pressure

Very much below average rainfall

Very much below average humidity



The 2019-2020 fire season in Australia   Primed for high fire danger ratings…

Forest Fire Danger Index (FFDI) in spring 2019
The highest on record for Australia, and for NSW, QLD, NT, WA and TAS (area-averaged)

Active 'climate driver' modes
Promoting warm and dry conditions to Jan 2020

1.65 million ha.

220,000 ha.

Positive Indian Ocean Dipole

Negative Southern Annular Mode

Low split-flow blocking

Central Pacific El Niño

Madden Julian Oscillation



El Niño – Southern OscillationIndian Ocean Dipole Madden-Julian 
Oscillation

Subtropical Ridge 
High (STRH)

Key climate drivers for Australia   Can increase the likelihood of weather and climate extremes…

Split-flow
Blocking

Southern 
Annular Mode



Data and methods   Full details in Marshall et al. (2021)

Forest Fire Danger Index (FFDI; McArthur 1967)
Daily gridded dataset for Australia (Noble 1980, Lucas 2010, Dowdy 2018, Harris and Lucas 2019)

FFDI = exp(0.0338 T – 0.0345 RH + 0.0243 v + 0.243147) . DF 0.987

2 m maximum 
temperature

2 m relative humidity 
(calculated from vapour 
pressure at 0600 UTC)

10 m wind speed 
at 0600 UTC

Drought factor (representing 
accumulated deficit in fuel moisture, 

using the Keetch-Byram Drought Index)

Observed data: AWAP (temperature, vapour pressure and rainfall) and NCEP-NCAR Reanalysis 1 (wind speed)

Composite probability of occurrence of weekly-mean upper decile FFDI for each climate driver z-score sig. test

ACCESS-S1 hindcast data 11-member ensemble; initialised on the 1st, 9th, 17th & 25th of the month; 2 & 3 week lead times; 1990-2012; 5km downscaled



Data and methods   Full details in Marshall et al. (2021), Climate Dynamics doi:10.1007/s00382-021-05920-8

Verification of forecasts using the Symmetric Extremal Dependence Index (SEDI) score
Provides meaningful results when verifying extremes, does not tend towards zero as rarity increases. Based on a 2x2 contingency table.

Hit rate H (when the forecast correctly 
exceeds the 90th percentile)

False alarm rate F (when the forecast 
incorrectly exceeds the 90th percentile)

ACCESS-S1 shows useful skill for predicting extreme fire weather (SEDI > 0) over Australia using all forecasts:

SEDI skill for spring SEDI skill for summer

We compute the difference in SEDI skill for hindcasts 
stratified by each climate driver phase, relative to 
when the climate driver is inactive

A climate driver thus provides improved skill for 
predicting extreme fire conditions where SEDI skill 
differences are greater than zero…



The Madden-Julian Oscillation   Discovered in 1971 by Roland Madden and Paul Julian

About the MJO MJO impacts and prediction
Example: MJO phase 3 in spring

An eastward moving "pulse" of cloud and rainfall near 
the equator - events reoccur about every 30-60 days

MJO phases 2 & 3

MJO phases 4 & 5

MJO phases 6 & 7

reduced rain

Up to three times the normal 
likelihood of extreme fire weather

OBSERVED (MJO3)

S1 captures the signal, but 
weaker than observed

ACCESS-S1 (MJO3)

MJO3 provides improved 
skill over much of Aus

SEDI skill difference



Split-flow blocking   Pook and Gibson (1999)

About split-flow blocking Blocking impacts and prediction
Example: Low blocking in spring

Splitting of the westerly airstream into two branches:

Blocking events have important influences on 
Australian agriculture and water catchment

Events typically last 3-4 days and are accompanied by 
a cut-off low on the equatorward side of the high

When activity is low, the westerly stream is enhanced

(Dry over southern Aus)

Rainfall 
anomaly

High blocking activity Low blocking activity

Up to 2.5 times the normal 
likelihood of extreme fire weather

OBSERVED

S1 captures the signal, but 
weaker than observed

ACCESS-S1

Improved skill over much 
of the extratropics

SEDI skill difference



Southern Annular Mode (SAM)   North-south shift of rain-bearing westerly winds and weather systems

About SAM SAM impacts and prediction
Example: Negative SAM in spring

Positive
SAM

Negative
SAM

More than two times the normal 
likelihood of extreme fire weather

OBSERVED

S1 captures the signal, but 
weaker than observed

ACCESS-S1

Improved skill over parts 
of the north and east

SEDI skill difference



El Niño – Southern Oscillation (ENSO)   The oscillation between El Niño and La Niña

About ENSO ENSO impacts and prediction
Example: El Niño in spring

El Niño: easterly winds weaken along equator

central and eastern Pacific warm

supressed clouds and rainfall north of Aus

El Niño

Neutral ENSO

La Niña

Up to three times the normal 
likelihood of extreme fire weather

OBSERVED

S1 captures the signal, 
underdone in some parts

ACCESS-S1

Improved skill over parts 
of the north and east

SEDI skill difference



Indian Ocean Dipole (IOD)   Saji et al. (1999)

About the IOD IOD impacts and prediction
Example: Positive IOD in spring

Positive
IOD

Neutral IOD

Negative 
IOD

IOD+: westerly winds weaken along equator

water warms near Africa and cools in the east

less moisture to the northwest of Aus

Up to two times the normal 
likelihood of extreme fire weather

OBSERVED

S1 underestimates the 
signal, likely due to biases

ACCESS-S1

Improved skill over parts 
of the south and east

SEDI skill difference



Relative influence of each driver

Driver with the highest probability 
ratio at each grid point

Qualitative estimate of where and 
when each driver is most influential

Leading driver of extreme fire weather (spatially)

Highlights the weaker than observed 
representation of probability ratios in 
association with other climate drivers

MJO in OBS (phase 3 over the south and 
phases 7, 8 and 1 over the north)

ENSO in ACCESS-S1 (El Niño)

In spring:



Take home points

The influence of each climate driver varies by location and season

In spring, the observed likelihood of extreme fire weather increases over most of Australia, 
particularly the southeast, in association with El Nino, positive IOD, negative SAM, low split-flow 
blocking, and MJO phases 1, 2, 3, 7 and 8. 

In summer, these relationships are broadly similar to those in spring but often not as strong (not shown)

All of these modes were active during spring and early summer 2019-2020

ACCESS-S1 simulates most of these relationships reasonably well but often weaker than observed. 

At times the model fails to adequately capture observed strong connections to extreme fire weather



Take home points

Windows of forecast opportunity: Climate drivers provide predictive skill in weeks 2 and 3 for regions 
where ACCESS-S1 captures the high likelihood of experiencing extreme fire weather conditions
e.g. southern Aus in MJO phases 2-4 in spring, eastern Aus during low blocking in spring-summer, southeastern Aus during negative SAM

northern Aus during El Nino in spring-summer

These results are useful for fire management, emergency services, health, parks, agriculture, energy

Extended to ACCESS-S2 using the Australian Fire Danger Rating System (AFDRS; Matthews et al. 2018)







Subtropical Ridge Tasman Highs   Marshall et al. (2014)

About STRHs STRH impacts and prediction
Example: Low STRH activity in spring

Persistent highs over the Tasman Sea in the vicinity of 
the STR, about 10° north of split-flow blocking:

STRHs provide northerly flow of warm subtropical air 
to south-eastern Australia

Importantly, the westerly airstream does not split

H

Up to 3 times the normal 
likelihood of extreme fire weather

OBSERVED ACCESS-S1 SEDI skill difference

S1 underestimates the 
signal, likely due to biases

Improved skill over parts 
of the north and east


