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Widespread, devastating fires and massive smoke plumes

over SE-Australia
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Pyro-convection and vertical smoke transport

CALIOP observations 2020-01-01 TROPOS Polly lidar at Punta Arenas, Chile
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CALIOP attenuated backscatter, 1/1/2020: Smoke plume above 15
km
(NASA Disasters Program, JP Vernier NIA/NASA LARC)

« Deep pyro-convective events (pyroCbs) carried the wildfire smoke directly into the stratosphere
(Ohneiser et al, 2020, Kablick et al, 2020).

 0.3-2.1 £+ 1.1 Tg smoke aerosol injected into the stratosphere (Khaykin et al., 2020, Peterson et al., 2021)



AOD

Impact on southern-hemisphere aerosol

AVHRR satellite: AOD anomaly Jan 2020 relative to 1981 — 2019
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Global aerosol-climate simulations

« Aerosol-climate model ECHAMG6.3-HAM?2.1 (Tegen et al., 2019, GMD)
« T63-L47 grid, prescribed SST, nudged ERAS

 Modelled period: 01/2000 — 03/2020

« Sensitivity studies: 10/2019 — 03/2020

« Dalily fire emissions from GFAS (Kaiser et a., 2012)

* Plus free-running ensemble of 36 members
(perturbed upward increase in stratospheric horizontal diffusion)

Heinold et al., ACP, 2022
Senf et al., ACP, 2023



Sensitivity runs — Australian fire season 2019/2020

Scenario Description

BASE Standard emission height as prescribed in the ECHAM-HAM model for wildfires (75 % in PBL, 17 % in the
first layer and 8 % in the second layer above PBL)

NoEmiss Wildfire smoke emission set to zero for the pyroCb days: 29-31 December 2019 and 4 January 2020 in south-
eastern Australia

TP+1 Wildfire smoke emission from southeastern Australia injected into the model layer above the tropopause for the
pyroCb days

TP As TP+1, but smoke injection into the model layer containing the tropopause

TP—-1 As TP+1, but smoke injection into the model layer below the tropopause

TP1_8020 As TP+1, but only 80 % of the emitted smoke injected above the tropopause and 20 % distributed between
tropopause level and surface

TP1_5050 As TP+1, but only 50 % of the emitted smoke injected above the tropopause and 50 % distributed between
tropopause level and surface

14km Wildfire smoke emission from southeastern Australia injected into the model layer around 14 km height for the

pyroCb days as suggested from satellite lidar observations
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Radiative self-lofting

Height [km]

Height [km]

30

25

20

15

10

')

>’°°

&

‘b5 N

5x104

1x10°2 5103
Aerosol extinction [km™]

1x107

Height [km]

Height [km]

Height [km]

| /-
2
=

— T T
N & «W@‘; &

!

T T
@é‘" & \qga‘x\ 6‘\
[T T T T
0 0.01 0.05 0.2 1

BC mixing ratio [ug kg']

30 4
25
20 4
15 3
10 3
5 5

o

D
K

&

S
Nz

045 -0.3 -0.15 0 0.15 0.3 0.45
Heating rate difference [K d]




Instantaneous solar radiative forcing Heinold et al., ACP, 2022
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Effective radiative forcing (ERF) of smoke aerosol

(a) Allsky Forcings

Senf et al., ACP, 2023
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Clouds have a significant impact on ERF at TOA turning shortwave ERF to positive

values in contrast to previously reported clear-sky values.

BUT: Atmospheric adjustments nearly balance the initially positive instant. forcing.



Impact on stratospheric circulation

Residual Circulation, JFM Average Adiabatic Heating, JFM Average
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« The smoke causes a local / non-local warming, partly compensated by longwave cooling.

 Stratospheric adjustments lead to changes in global circulation:

— SH: less adiabatic heating by the residual circulation is required to compensate radiative cooling
—> SH circulation branch is weakened.

— NH: circulation branch is slightly strengthened - energy from the initially localized smoke-induced
shortwave heating is redistributed to the tropics and NH.
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Impact on global hydrological cycle
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Cirrus is reduced by up to 1% due to the warming by Australian smoke because of a
reduction in the upper tropospheric relative humidity.

Resulting tropospheric adjustments impact the hydrological cycle with subsequently
reduced amounts of ice water path, surface precipitation and evaporation.
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Wrapping up

2019-2020 Australian wildfires
« The ‘Black Summer’ fires considerably perturbed the SH aerosol in the upper
troposphere / stratosphere.

» Single extreme wildfire events can have global impacts influencing the interplay
of tropospheric and stratospheric cycles in complex ways.

» With an expected increase in extreme wildfires, high-altitude fire plumes need to
be adequately considered in climate projections.
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10D index [°C]

Indian Ocean Dipole (I0OD) — El Nino (ENSO) interactions

Positive phases of IOD and ENSO in 2019
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Australian rainfall much lower than average
in the months before wildfire season



Challenge — pyro-convective fire injection heights
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Global Fire Assimilation System
(GFAS)

« assimilates fire radiative power
observations from satellite obs.
-> daily estimates of emissions
(BC, OC) from biomass burning

« Maximum injection height in
Australia for BC emissions at
90th percentile: 10.5 km



Wildfire flux of BC [kg s']

2019-2020 Australian wildfire emissions

Monthly mean area total for 2000-2016 vs. years 2019/2020
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> 1.5 higher fire emissions and an area burnt twice as large (> 18m ha) than previous record fires.



Impact on ‘local’ air quality

AIR QUALITY BASED ON PM2.5
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(Image credit: James D. Morgan/Getty Images)

Sydney Opera house,
December 2019



AERONET observations vs model results
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Radiative flux perturbations (200 hPa — TOA) Senf etal., ACPD, 2023
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