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ABSTRACT

Extreme wildfire events amplify global warming by emitting greenhouse gases and destroying carbon
sinks while causing economic damage through property destruction and even fatalities. One such
event, the 2019/2020 Australian Black Summer, injected large amounts of acrosols and gases into the
troposphere and stratosphere making its impact global. This study provides a comprehensive
investigation of the genesis of the Black Summer event and its impact on the troposphere and lower
stratosphere carried out using in-situ, multi-satellite, reanalysis, and model simulation. For the first
time, the observational evidence for the role of hydrological drought in the genesis of the Black
Summer event is provided, A strong correlation was observed between the depletion of total water
storage (surface and sub-surface} due to hydrological drought and the burnt area in southeast Australia.
The decadal low in total water storage in December 2019 highlights the critical role of hydrological
drought in this event, The assimilated aerosol optical depth (AOD) indicates that the Black Summer
event raised aerosol loading to values up to 0.5, exceeding the previously reported MODIS-based value
of 0.3. The amplified acrosol backscattering, coupled with the increased surface albedo due to the
prevailing drought, led to a significant surge in outgoing shortwave flux and contributed to regional
cooling. Additionally, co-emitted carbon monoxide enhanced tropospheric ozone production, further
degrading regional air quality.

Furthermore, this event injected PyroCbs into the high latitude of the lower stratosphere leading to
increased stratospheric aerosol loading in early 2020. An analysis from Aura's microwave limb
sounder revealed these aerosols provided additional surface area for a heterogeneous chemical reaction
known as dinitrogen pentoxide hydrolysis leading to increased production of nitric acid (HNO3) gas.
Despite this, nitric acid containing polar stratospheric clouds (PSCs) known as liquid-Nitric Acid
Trihydrate (NAT) mixture exhibited strong negative anomaly, whereas water ice PSC exhibited strong
positive anomaly. Lagrangian backward trajectory analysis and chemical box maodel simulations
revealed that wildfire aerosols, alongside stratospheric background aerosols, acted as nuclei for the
formation of liquid-NAT mixture PSCs which rapidly converted into ice particles and resulted in
negative anomaly of NAT and positive anomaly in ice PSC. Following these changes, anomalously
strong and prolonged ozone depletion is observed in the Antarctic polar region during Austral Spring
2020. However, the model simulation of ozone as a passive tracer revealed that ~123 dobson units of
ozone are lost due to chemical reaction which is comparable to the year-to-year variability. This
suggests that despite increase in stratospheric aerosols, and PSC following the Black Summer event,
there was no significant chemical ozone loss during 2020 as previously speculated; instead, enhanced
ozone depletion is attributable to the dynamical changes in the lower stratosphere. These findings
provide critical insights for predicting extreme wildfire events and significantly enhance our
understanding of their impacts on stratospheric chemistry and ozone depletion, contributing to
improved climate and wildfire modeling.
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