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Extreme Fire season 2019/20
• 74,000 km2
• 715 million tons of CO2*

Figures from Abram et al, 2021
* Australia’s 2018 anthropogenic CO2 emissions = 537.4 million tons 



Massive smoke and aerosols emissions 

ESA EO
Sentinel-5P

ESA Sentinel
6th January 2020
Himawari-8



Pyrogenic Fe and phytoplankton

Modelled deposition DFe flux (ng Fe m−2 s−1)

TOTAL Dust

Fuel Combustion Biomass burning

Simulated change in NPPnano (mgC m−2 day−1)
induced by Pyrogenic DFe



AOD and Phytoplankton anomalies in 2019/20

Black-Carbon AOD relative 
anomaly derived from 
atmospheric reanalysis 
(CAMS)

Surface Chl concentration 
observed from satellite. 
Relative anomaly computed 
over a 22-years long records 
(ESA’s OC-CCI)

Tang and Llort et al., 2021



AOD and Phytoplankton anomalies in 2019/20

Tang and Llort et al., 2021



AOD and Phytoplankton anomalies in 2019/20

Chl-a anomaly lasted more than 12 months!! 



Deposition flux to delimit fertilisation hot-spots



Deposition flux to delimit fertilisation hot-spots

1. Spatial correlation ≠ Causation



Deposition flux to delimit fertilisation hot-spots

1. Spatial correlation ≠ Causation
2. Why high deposition does not always induce a Chl-a response?



Iron and levoglucosan content in aerosols

15-01-2020

High TFe and LFe in aerosols sampled when
a smoke plume from wildfires crossed the station.

High concentrations of Levoglucosan too
(tracer for biomass burning origin)

M. Perron, A. Bowie (IMAS-UTAS) 



Satellite data + In-situ data = causation

Floats equipped with nitrate 
sensors showed HNLC 
conditions inside anomalies.



Preparing the unprecedented
Satellite data are an outstanding tool to observe extreme event

Yet, in order to understand what we “see”
from space we need in-situ observations
and fundamental research.



Observing the full impact of aerosols on the BCP
• Remote estimates of phytoplankton community 

composition, physiology, DOC, DIC and PIC
• Remote estimates of the ecosystem’s metabolic state

Priorities on the aerosols-oceanBGC link
1 to 5 years from now
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Hamilton et al, 2022



• Deposition flux from space

Priorities on the aerosols-oceanBGC link
1 to 5 years from now

5 to 10 years

Yu et al, 2019



Priorities on the aerosols-oceanBGC link

5 to 10 years
Capturing the complete story
• Characterizing aerosols at source
• Monitoring atmospheric chemical processes
• Real-time deposition over the ocean
• Autonomous platforms to capture export mechanisms



Thank you


