
Reply to Anonymous Reviewer #1:

We appreciate the reviewer’s comments on the manuscript. All comments are
highly valuable and helpful for us to improve our manuscript. We have studied
them carefully and have addressed them in the revised manuscript. Below are
point-by point responses to the reviewer’s comments.

Comments from the reviewer:
1. In this study, both ERA5 and MERRA-2 reanalysis datasets are employed. Why

not use the same dataset for meteorological variables and aerosol reanalysis. For
example, MERRA-2 reanalysis dataset includes wind filed also, and ECMWF also
provides aerosol reanalysis data (Copernicus Atmosphere Monitoring Service,
CAMS).
The reviewer proposed a good question. Indeed, both ERA5 and MERRA-2
reanalysis datasets include meteorological variables and aerosol data. There were
two reasons to use meteorological variables from ERA-5. First, ERA-5 with a
comparatively high spatial resolution (0.25°×0.25°) compared to the MERRA-2
(0.625°×0. 5°). Second, so far, there were some studies evaluating the
applicability of this dataset. Bénédicte Jourdier evaluated the wind speed from
ERA-5 and MERRA-2 over France and found that the MERRA-2 had large biases
and overestimate wind speeds. Gruber et al. (2020) found that the wind power
generation from ERA-5 outperformed MERRA-2 in the US, Brazil, South-Africa,
and New Zealand. Cionni et al. (2018) showed that ERA-5 performs better than
MERRA-2 in assimilating the precipitation during the period 2000-2017 in global
scale. Therefore, in this study, we used the meteorological variables from ERA-5.
In addition, the CAMS reanalysis is the latest global reanalysis data set of
atmospheric composition produced by the Copernicus Atmosphere Monitoring
Service, consisting of 3-dimensional time-consistent atmospheric composition
fields, including aerosols, chemical species. However, the CAMS data currently
covers the period 2003-2019. To obtain aerosol species data to analyze the
long-term spatial and temporal characteristics of aerosols over Australia, and to
study the change of aerosol properties during the 2019/2020 Australian Mega fire
events, we used the MERRA-2 monthly data for the period 2001-2020.
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2. Page 5 Line 179-180, how to get the conclusion of “similar emission from fires
and regional transport of biomass burning aerosol in Australian continent” from
the correlation between AOD and FRP, AOD and fire counts?
The reviewer proposed a good question. We agree that It is not appropriate to get
this conclusion. We have deleted the wrong description and modified our
descriptions at Lines 184-190: “The temporal AOD variations over Australia
were well correlated with that of FRP (R=0.62) for the whole nineteen-year
period, while the temporal AOD variations were weakly correlated with that
of fire counts (R=0.43). Furthermore, the peak of the monthly mean AODs
coincides with the FRP peak in the months of October-January each year
(Table.S1). The correlation between AOD and fire counts was much higher
(0.63-0.85) during the period of October-January than other months
(-0.08-0.47). This was related to the intensive and frequent fires in the tropical
savannas of northern Australia and the temperate southern Australia.”.

3. As shown in Fig. 8, the contribution of sea salt aerosol to the Australian continent
is relatively small. However, the authors concluded that “The contributions of
carbonaceous, dust, sulfate, and sea salt aerosols to the total aerosols were 26.24%,
23.38%, 26.36%, and 24.02% over Australia”. So, maybe the contribution of sea
salt aerosols to the Australian continent was overestimated by calculating the
aerosol proportion in the whole region.
We appreciate this suggestion. We have added a figure (Figure 6) in the revised
manuscript based on the suggestion from the reviewer#2. The Figure 8 now is
Figure 9 in the revised manuscript. In this study, we conducted the conclusion by
calculating the proportion based on the monthly averaged AOD of the four
aerosol types (i.e. carbonaceous, dust, sulfate, and sea salt) over Australian
continent from January 2001 to May 2020. It is really challenging for us to
evaluate the aerosol types from MERRA-2 without sufficient information.
However, we calculated the mean AOD of the four types of aerosols for the
whole period, BB period, and Non-BB period over Australian continent, and
found that the proportion of sea salt aerosol are 23.34%, 20.59%, 25,63% in
whole period, BB period, Non-BB period, respectively (Table R1). The results
from the two calculation methods do not differ significantly. We believe that this
conclusion is relatively reliable, assuming that the four aerosol types from
MERRA-2 are accurately estimated. In addition, roughly estimated from Figure 9,
the sea salt contribution should also be around 20%.

Table R1 The mean values of four aerosol types from MERRA-2
Period Carbonaceous Dust Sulfate Sea salt
Whole period 0.266 0.209 0.231 0.215
BB period 0.392 0.251 0.271 0.237
Non-BB period 0.141 0.167 0.191 0.172

4. Page 9 Line 360-361, the authors mentioned that the relatively high coarse mode
aerosol volume concentrations in southeastern Australia was mostly related to the
fire-induced dust emissions caused by the pyro-convection during extreme fire
events. What is the evidence for this conclusion?



We appreciate this suggestion. According to the result from CALIPSO, we found
the occurrence frequency of dust increased at heights roughly from 2 to 5 km in
November, January, and February. Wagner et al. (2018) indicated that fire
radiative energy released by the combustion of the vegetation leads to a significant
increase in near-surface wind speed, atmospheric turbulence, and vortices.
Moreover, the removal of vegetation during the burning process and the
accompanied dehydration and modification of the soil could consequently
enhance the dust mobilization and uplift potential, which finally influenced the
concentration and the mean size of aerosol particles over the fire region. In
addition, according to McGowan and Clark. (2008), the dust from the Lake Eyre
Basin can potentially affect the southeastern Australia through the southeast dust
transport corridor. Therefore, we simulated the backward trajectories at
Tumbarumba, which is located at southeastern Australia, at 1000 m above ground
level. The backward trajectories showed that the airflows are from the Lake Eyre
Basin during the period September 2019- February 2020 (Fig.R1). Overall, the
increase of the occurrence frequency of dust in November 2019, January 2020,
and February 2020 may be the result of fire-induced dust emissions caused by the
pyro-convection during extreme fire events and long range transport of dust from
the Lake Eyre Basin. We add a description about this at Lines 392-401: “Wagner
et al. (2018) indicated that fire radiative energy released by the combustion of
the vegetation leads to a significant increase in near-surface wind speed,
atmospheric turbulence, and vortices. Moreover, the removal of vegetation
during the burning process and the accompanied dehydration and
modification of the soil could consequently enhance the dust mobilization and
uplift potential, which finally influenced the concentration and the mean size
of aerosol particles over the fire region. McGowan and Clark. (2008) showed
that dust from the Lake Eyre Basin can potentially affect the southeastern
Australia through the southeast dust transport corridor. Therefore, the
increase in the occurrence frequency of dust also explained the relatively high
coarse mode aerosol volume concentrations at the sites in southeastern
Australia (Fig.5), which was a result of the fire-induced dust emissions caused
by the pyro-convection during extreme fire events and long range transport
of dust from the Lake Eyre Basin.”.



Fig.R1 The 72 h back trajectories ending at Tumbarumba at 1000 m above
ground level. The gray lines represent the total back trajectories in each month.
The orange lines represent the cluster back trajectories.
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5. Page 4 Line 147, the authors mentioned the use of precipitation from ERA-5. It
should be described in Section 2.2.3. Additionally, what is the purpose of using
total precipitation data? Why not use satellite, station or grid data?
Thank you for your suggestion. We have described the precipitation in Section
2.2.3. The total precipitation is the accumulated liquid and frozen water,
comprising rain and snow, that falls to the Earth's surface. It is the sum of
large-scale precipitation and convective precipitation. Mitchell et al. (2013)
showed that the rainfall in the Australian wet season had a strong influence on
aerosols. Therefore, we used the total precipitation data in this study. The results
also showed that the extra rainfall in wet season likely promoted extra growth in
flammable grasses, which leads to a strong maximum in aerosol optical depth in
next dry season. In general, the observation stations of precipitation are unevenly
distributed and lack of the spatial continuity. The satellite observation data of
precipitation (such as TRMM data) could serve as a good choice to use. However,
considering that the winds data we used are from ERA-5, to keep the data source
of winds and precipitation the same, we still chose the ERA-5 precipitation data.

Several studies have shown that the precipitation data from ERA-5 have good
performance compared to the satellite data. An evaluation by Peña-Arancibia et al.
(2013) regarding the reanalysis datasets, satellite products, and an ensemble of
these datasets in Australian and Asian regions showed that the ERA-Interim
performed better than other individual datasets across a range of metrics for the
Australian region. Furthermore, ERA5 is also closer than ERA‐Interim to the
Tropical Rainfall Measuring Mission (TRMM)/3B43 in its representation of the
temporal variability of monthly precipitation (Hersbach et al., 2020). The ERA-5
global‐mean correlation with monthly‐mean Global Precipitation Climatology
Project (GPCP) data is 77%. This indicated that ERA-5 had good performance in
assimilating the precipitation in Australia. We have mentioned the use of
precipitation from ERA-5 in the revised manuscript at lines 147-149:“ERA-5
adds additional characteristics to ERA-Interim reanalysis, making it even
richer in climate information (Albergel et al., 2018). In this study, monthly
U-wind, V-wind, and total precipitation from ERA-5 dataset were used for
meteorology analysis.”
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6. Page 1 Line 21, “Carbonaceous” should be “carbonaceous”.

Corrected.
7. Page 2 Line 45, “biomass burning aerosol” should be “biomass burning aerosols”.

Corrected.
8. Page 3 Line 106-107, “level” in “level 2.0” and “Level 1.5” should be unified as

“Level”.
We have changed “level 2.0” as “Level 2.0”.

9. Page 3 Line 114-115, the full names of “DB” and “DT” are needed.
Thank you for pointing it out, the full name of “DB” and “DT” has been added in
the revised manuscript.
Lines 120-122: “Sayer et al. (2014) found that the terrain is arid and bright
over much of Australia, the MODIS Dark Target (DT) algorithm often
retrieves small positive or negative AOD, while the Deep Blue (DB) algorithm
can retrieve more available values with 85% of AOD retrievals falling within
the expected error envelope in Oceania.”

10. Page 6 Line 240 and Page 7 Line 257, is there some potential relation between the
wildfire and dust events?
This is a good question. The answer is yes. Previous studies showed that
significant fractions of mineral dust found in smoke plumes originating from most
likely raised by strong, turbulent fire related winds (Wagner et al., 2018; Ravi et
al.,2012). We made corresponding changes to Section 3.1.2 accordingly.
Lines 250-260: “The result indicated that both fine mode and coarse mode
volume concentrations significantly increased during BB period. During the
BB period, fires cause a temporary reduction in vegetation cover, which can
increase biomass burning emissions which are primarily fine aerosol particles.
SSA also showed decreasing trends with increase in wavelengths in most
months at Jabiru and Lake Argyle in northwestern Australia, especially
during the BB period (Figs. 6a, 6b), which showed stronger absorption in the
near-infrared bands. Fires also accelerate soil erosion by winds and promote
dust emissions (Ravi et al.,2012). The coarse particles such as dust in northern
Australia could have been entrained into the biomass burning plume from
local soil and also been transported from central Australian deserts (Winton
et al., 2016; Yang et al., 2020b). SSA values at Lake Argyle were lower (< 0.90
at 440 nm wavelength) during September-November, suggesting the relative
dominance of absorbing aerosols such as dust and black carbon. Furthermore,
the sea salt aerosols from ocean would also contribute to the differences in
volume size distributions and SSA among various sites, or between BB and
non-BB periods.”
Lines 282-286: “The fine and coarse mode volume concentrations were both
higher in December-January at Canberra during BB period (Fig. 5i). The
increase in fine mode volume concentrations was attributed to the forest fires



in southeastern Australia, while the increase in coarse mode volume
concentrations was mostly related to dust particles from forest fires and
transported from central Australian deserts, along with sea salt particles from
ocean (McGowan and Clark., 2008; Murphy et al., 2018; Yang et al., 2020b).”
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11. Page 7 Line 271, “MERRA” should be “MERRA-2”.
Corrected.


