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v" Fire impacts on society and economy v Fire release large amounts of greenhouse gas CO,

v Forest fires also release reactive carbon species (RCS), perturbing atmospheric chemistry
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Simplified background atmospheric chemistry mechanism

Forest fires consume OH and promote O, production through chemical reactions.
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Perturb Feedback Change

Assessing fire-chemistry-methane feedback with fire emissions and atmospheric chemistry model
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Extreme Australia fire COVID-19 lockdowns

January 2

model
AOH

Miyazaki et al., Sci. Adv.. 2021

NH COVID-19 lockdowns Laughner et al., PNAS. 2021

NO, OH
CO NMVOC 1 Stevenson et al., Atmos. Chem. Phys. 2022
SH  Extreme Australian fires peng et al, Nature, 2022
O, NO 1

N HO,/RO,

Australia fire and COVID-19 lockdowns both lead OH decrease
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The opposite O, responses serve as chemical fingerprints of OH decline due to fire and human activity

Extreme Australia fire COVID-19 lockdowns

OH — ™
(of0) NMVOCTCRB > R1 C > R2<

model HO,/RO, NO 1 o, +
AO;

Enhanced CO/VOC emissions Reduced NOy emissions

(extreme Australian fires) (COVID-19 lockdowns)
satellite
AO;

' H SH natural fire NH human activity
150'W  100'W 50w ¢

v" Reduced OH is associated with reduced O, in the NH but enhanced O, in the SH

v Consistent with the chemical response to perturbations of anthropogenic and fire emissions

v' O; observations support the attribution of 2020 OH reduction in both NH and SH
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Observational evidence supports the proposed fire-chemistry-methane feedback mechanism

Top-down estimate Implication for methane growth
Tropospheric OH in 2020 relative to 2018-2019 Global
| | I @ Satellite observation mean
, 064~ Model (global OH 4.0 + 0.9% reduction)
CcO —— | NH "~ | = Model (NH OH 2.4% reduction)
- == Model (SH OH 5.7% reduction}
oH oo e £ 041 o
— I«:r :
Proxy  CHs | = S S o02-
1 1
I 1 1
———————————————————— 0.0
MCF : : : % a;
_'II 0 _I8 _I6 _I4 _I2 0 _0 2 T T T T
AOH (%) 2018 2019 2020 2021

v' Proxy gases support the attribution of OH reduced in both NH and SH

v Substantial OH reduction in both hemispheres can largely explain the methane surge in 2020
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CESM-RESFire-model (full interaction between climate-fire-ecosystem)

Between 2000s and 2050s
Burned area Reactive carbon species emissions

-10 5 25 1 -05-0101 05 1 25 5 10 -10 5 25 1 -05-01 01 05 1 25 5 10
ABurned area (x10~2 Mha yr—1) ARCS emissions (g C m 2 yro 1)

v The projected increase is primarily concentrated in forest-dominant regions
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Carbon neutrality
Liu et al., Nat. Commun., 2024
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Zhang et al., PNAS 2017
Zhang et all, Nat. Clim. Change 2023

: 1
I : ACH fire ACH, wetland |
| Climate feedback on CH, budget + 405 [333_657] Ty . 200 [2428_548] Tal
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AOHfire
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Recent intensification and future prediction of fire-chemistry-methane feedback
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