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Dear Dr. Trumbore 
 
We appreciated the constructive comments of the editor and reviewers. We have addressed the 
comments below. Reviewer/editor comments are shown in bold with our responses in blue. Line 
numbers refer to the tracked changes manuscript, and changes to the text are underlined. 
 
 
Editor comments  
 
All reviewers found merit in the manuscript, especially with the bringing together of multiple lines of 
evidence to compare C flux anomalies associated with drought versus fire. However, there were also 
questions raised about the details of the analysis - for example, comments by Reviewer 1 about 
estimating GPP and respiration (surely there are papers on how drought affects fluxes for some of 
these ecosystems that could be cited and compared with FluxSat?). To me that is a very weak link in 
the chain. Reviewer 2 requests independent confirmation of the CO/CO2 emission ratio used (and are 
they really constant across the different vegetation types?), while Reviewer 3 comments on the 
details of forest classification.  
 
One question I had sending this for review was whether this is a technical achievement that advances 
state-of-the-art versus a paper that enhances understanding of how extremes impact the carbon 
cycle, and here reviewers were mixed. The major novelty here appears to be the use of TROPOMI; 
Reviewer 2 points out that a similar framework has been used previously e.g. to estimate C emissions 
from El Nino fires in Indonesia. Reviewer 1 highlights this issue by specifically questioning whether 
this paper advances our understanding of C cycling more generally.  
 
Thus, while I am convinced this is a technical advance, there are now increasing numbers of papers 
using multi-satellite approaches to study the C cycle (we have already published a few in AGU 
Advances), and I am less convinced this is a major advance over other work. It would therefore be 
useful if in a revision the authors can clearly articulate the broader impact they think this study will 
have on understanding of the C cycle or using the multi-satellite approach to study such extremes.  
 
We have addressed the questions raised by the reviewers, as outlined below. In addition, we have 
performed additional analyses on the regional carbon budget over 2010-2020, which better 
contextualizes this event within the carbon budget of southeast Australia. This analysis also provides 
guidance on how variability in carbon uptake – closely linked to climate variability – may be impacted by 
climate change, and the resulting implications for recovery from this event (see revised Sec. 5 and Sec. 
6.2). With this additional analysis, and changes to the text in the abstract and conclusions, we have 
better articulated the broader impact of this work on understanding the C cycle. 
 
 
Reviewer 1 
 
The manuscript presents a study focusing on the anomalous fire season of 2019-2020 in southeast 
Australia, bringing together a range of data streams, most based on remote sensing, to estimate the 
net effect on the carbon cycle. The steps are fairly clearly laid out, and the paper is clearly written 
with appropriately chosen and clear figures. Unfortunately, there are a few weak links in the chain of 
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analysis that call some of the results into question, and these need to be addressed prior to 
publication. 
 
While it is interesting seeing how the different pieces of information fit together, it is not entirely 
clear that the results are bringing substantial new information about the carbon cycle. As such, it is 
not completely clear if this study best belongs in Advances or in a more specialist journal - in the end 
this is an editorial decision. Nonetheless, it is an interesting study about how independent remote 
sensing measurements can be joined in one analysis, and used to assess extreme events. 
 
My biggest concern about the scientific approach has to do with the assumptions about how much 
can be said about NPP and R_hetero based on a remotely-sensed GPP value. This is not well 
supported by the cited publication (Li et al., 2017), which states that: “the correlation between gross 
primary production (GPP) and ecosystem respiration (Re) was significant for non-forest ecosystems, 
but was not for forests”, as well as Figure 2a of this publication, which shows that anomalies in GPP in 
forested ecosystems in Australia are not at all correlated with anomalies in ecosystem respiration. The 
author’s state that the decision was made to “assume ΔR_hetero α ΔGPP, as there are not direct large 
scale observations that can be related to R_hetero.” While I recognize that it is frustrating to not have 
something that can be used as a proxy here, both the Li et al. (2017) study and the Schwalm et al. 
(2010) study discussed therein indicate that this assumption is simply incorrect. 
 
Furthermore, there are repeated mis-statements of the correlation between ΔNEP and ΔGPP as found 
in Li et al. (2017), which should be: 
 
non-forest ecosystems: ΔNEP = 0.22 * ΔRe (r2=0.29, P<0.001) 
 
forest ecosystems: ΔNEP = −0.82 * ΔRe, (r2=0.42, P<0.00122) 
 
In L309, Equation 2, and Table 2, the authors have the sign of the relationship for non-forest 
ecosystems consistently reversed. Also, 0.24 was used instead of 0.22. I’m assuming that the analysis 
was also performed with the wrong value? This definitely needs to be checked. 
 
We believe that there is some confusion here due to an error in the manuscript. The manuscript 
erroneously said that we “assume ΔR_hetero ∝ ΔGPP”. This is an error; in the revised manuscript we 
have corrected this statement to say that we “assume ΔNEE ∝ -ΔGPP”. 
 
The reviewer is correct that the relationships between ΔGPP and ΔRe were not significant, nor were the 
relationships between ΔNEP and ΔRe. However, these are not the relationships that we utilize in our 
analysis. Instead, we used the relationship between ΔNEP and ΔGPP. This relationship is stated to be 
statistically significant in Li et al. (2017) and we did use the correct values for this relationship. Quoting 
from page 2 of Li et al. (2017):  
 
“ΔNEP were significantly and positively correlated with ΔGPP for both non-forest (ΔNEP=0.24ΔGPP, 
r2=0.55, P<0.001) and forest (ΔNEP=0.8ΔGPP, r2=0.36, P<0.001) ecosystems (Fig. 2b).” 
 
A positive correlation between ΔNEP and ΔGPP is also found from the Schwalm et al. (2010) results, 
referenced by the reviewer. Figure 1 of this response shows the sensitivity in carbon flux to relative 
drought for ΔNEP against ΔGPP for the reported relationships in Table 2 of Schwalm et al. (2010). A 
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positive correlation is found between ΔNEP and ΔGPP due to drought, consistent with our assumption 
and the results of Li et al. (2017). 
 

 
Figure 1. Comparison of NEP ("FNEP") and GPP ("P") sensitivity in carbon flux to relative drought (denoted dF) from Table 2 of 
Schwalm et al. (2010). Each plotted point represents a dF value from Table 2 of Schwalm et al. (2010) when both FNEP and P are 
reported, regardless of season or biome. 

Still, we acknowledge the valid concern of the reviewer in relating ΔNEE and ΔGPP linearly. In the 
revised manuscript, we have extended the FluxSat-based ΔNEE estimate back over the period 2010-
2019 and compare the anomalies in FluxSat-based ΔNEE + GFED4.1s CO2 emission against flux inversion 
ΔNBE estimates (Fig 2 of this reply). We obtain an R2 value of 0.80 over this period and a slope of 0.96 
demonstrating close agreement between these estimates (note that the flux inversion priors do not 
have any interannual variations). This provides an additional line of evidence that the linearity between 
ΔGPP and ΔNEE assumed here is a reasonable assumption. 
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Figure 2 (a) Annual (July-June) net NBE from 10/11 to 19/20 over southeast Australia (142.5-157.5 E, 28-40 S). Flux inversion 
NBE results are shown for Byrne et al. (2020) (spanning 10/11 to 14/15) and IS+LNLGOG (spanning 15/16 to 18/19), where the 
solid line shows the mean and the spread shows the range of estimates obtained using three different priors. FluxSat-based NBE 
anomalies also shown, and are based on the regressions presented in Sec. 3.3. For comparison, the IEA Fossil fuel emissions for 
all of Australia are also plotted. (b) Standard deviations of anomalies for ERA5 soil temperature and soil moisture over southeast 
Australia relative to a 10/11 to 18/19 baseline.  

Equations 2 and 3: I think it would be clearer how the α values are being calculated if these equations 
were rewritten with αforest and αnon-forest in place, as is presented in Table 2. Using the 
“proportionate to” symbol (which is also alpha) is unnecessarily confusing, and it was not at first clear 
if one combined value or separate alphas were being calculated. I think the regression was performed 
as follows: 
 
ΔNEEtotal = -0.24 αnon-forest ΔGPPnon-forest – 0.82 αforest ΔGPPforest (from equation 2) 
 
Or 
 
ΔNEEtotal = -αnon-forest ΔGPPnon-forest – 0.82 αforest ΔGPPforest (from equation 3), 
 
but it looks like the αnon-forest and αforest values for the N+F regressions are identical, so I’m not 
sure. This should be clear.  
 
We agree that this is unnecessarily confusing. We have re-written the equations as suggested: 
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∆NEEtotal = − α [0.24 ∆GPPnon−forest + 0.8 ∆GPPforest] 
 
and  
∆NEEtotal = − α [∆GPPnon−forest + ∆GPPforest]. 
 
 
Also, at what spatio-temporal resolution are the FluxSat GPP data being analyzed? And at what 
resolution was ΔGPP calculated?  
 
We have clarified this in the text: 
 
L344-347: “The native spatiotemporal resolution of FluxSat GPP is daily on a 0.05o x 0.05o grid. For our 
analysis, we regrid spatially to 0.1o x 0.1o while retaining daily temporal resolution.” 
 
Is there just one [α] value for the whole growing season (suggested by the parameter values in Table 
2)? 
 
Yes, we have clarified this in the revised manuscript: 
 
L383-384: “These α values are applied to estimate ∆NEE over the entire growing season” 
 
Regarding the large mismatch between the posterior and measured XCO plumes: this is not 
completely surprising, as it is difficult to exactly reproduce plume structure, as was well illustrated in 
the supporting video. Surely this ΔBB signal also has the wrong spatial structure for CO2, right? Is this 
why they are aggregated to the much coarser resolution of 0.5 degrees for the further analysis?  
 
The atmospheric transport model is run at 0.5 x 0.625 degree resolution because it runs on offline 
MERRA-2 met-fields that are at this spatial resolution. There are no meteorological inputs available for 
running the simulation at 0.1 x 0.1 degree spatial resolution with our model. 
 
Also, why not simply advect the biomass burning fluxes themselves to get the ΔXCO2 signal, rather 
than doing a climatological run with and without the biomass burning fluxes and taking the 
difference? This seems unnecessarily convoluted, unless I am missing some subtlety. 
 
These two approaches are equivalent. We performed the analysis using the former method, but in 
retrospect it may have been easier to explain with the latter approach. 
 
One further slight weakness is the treatment of the uncertainties: While the uncertainty ranges are 
likely realistic in magnitude, the ensemble-based approach is somewhat arbitrary – additional factors 
could have been included and changed the resultant uncertainty range, but it is better than nothing. 
Simultaneously, some things are implicitly assumed to be “perfect” and don’t contribute to the error 
budget, such as the spatial patterns in the FluxSat product or the atmospheric transport, although the 
analysis clearly shows that this latter assumption is not true. 
 
We agree that these are limitations of the approach. Quantifying the impact of transport error on fluxes 
is very challenging. We did attempt to include this term in the error estimate by releasing the biomass 
burning at different atmospheric levels. This will incorporate error related to vertical motions in the 
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model simulation. However, we acknowledge that there are still residual systematic errors related to 
transport that are not captured in this approach, which we discuss in Sec. 6.3.1: 
 
L580-602: 
 
“6.3.1 Model transport 
 
Accurate representation of atmospheric transport of CO and CO2 from biomass burning remains a major 
challenge (Eastham & Jacob, 2017). Rapid pyroconvective motions are not well represented in our model 
simulations. This leads to errors in simulated XCO fields relative to the observations and systematic 
errors in flux inversions. In our, we performed sensitivity analyses by evaluating the posterior CO fields 
for emissions released at the surface and at an estimated plume injection height (emitted at up to 6 km 
in altitude, Text S1 and Figure S1 of the supporting information), and found that the posterior emissions 
better matched independent CO observations in both cases. Still, Modeled CrIS XCO, which are most 
sensitive to the upper troposphere, showed weak sensitivity to biomass burning emissions despite the 
fact that biomass burning species were observed in the stratosphere (Khaykin et al., 2020; Schwartz et 
al., 2020; Hirsch & Koren, 2021). This suggests that modeled vertical motions are too weak and do not 
fully capture the vertical structure of biomass burning species produced by strong pyroconvective 
motions. Such systematic errors are challenging to address, but one possible avenue of future study 
would be to utilize weak constraint 4D-Var (Stanevich et al., 2019), which would allow for optimizing 
both surface fluxes and the atmospheric state. Accounting for the total CO change throughout the 
column would provide a quantitative assessment of the impact of systematic transport errors on CO 
emission estimates. Another avenue of future work could be to improve the representation of 
pyroconvective motions in transport models. As these motions are sub-grid scale for typical chemical 
transport models, this would most likely require prescribing vertical mass fluxes calculated by a high-
resolution cloud resolving model.” 
 
We agree that the spatial patterns of FluxSat are assumed to be true. This assumption was utilized to 
regularize the problem, as the XCO2 data were too sparse to fully recover the spatial and temporal 
structure of NEE estimates. We have added a discussion of this issue in Sec 6.3.4: 
 
L628-636: 
 
 “6.3.4 Estimating NEE 
 
Due to atmospheric mixing and the relatively sparse sampling of XCO2 by OCO-2, it is not possible to fully 
resolve the spatial and temporal structure in ∆NEE. Thus, we utilized the spatiotemporal structure of 
∆GPP to predict the spatiotemporal structure of ∆NEE for forests and non-forest, to regularize the 
problem. Although, this linear relationship is generally supported by eddy-covariance measurements 
within Australia (Li et al., 2017), there are likely many cases where this linearity breaks down. We do not 
account for this source of systematic error in our analysis, suggesting that the uncertainties may be 
larger and more systematic than estimated here.” 
 
L265: What’s the reasoning behind the cutoff of 11:00-15:00 local time for the TCCON measurements? 
Is this essentially 10:00-14:00 local solar time, taking daylight savings time into account? I guess that 
there wouldn’t be any solar zenith angles greater than 70 degrees between this time in the austral 
summer – wouldn’t a SZA cut-off be an easier (and more physically justified) choice?  
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This statement was an error in the manuscript. We used all available good quality data; we have 
corrected the manuscript. 
 
Furthermore, please include an R2 value in Figure S6. I suspect that the values are quite low, but it 
would be good to include this information. 
 
We have realized that on erroneous version of Fig. S6 was plotted in the first submission. This plot has 
been corrected and shown in Fig. 3 of this reply. As the reviewer suggests, the R2 value is very small. 
This is because the signal for individual anomaly estimates is dominated by random errors, making this 
comparison quite noisy. If the data are instead plotted as a scatter plot, and binned in increments of 0.2 
ppm for ΔXCO2 NEE + ΔXCO2 BB, (e.g., as performed in Yin et al. (2020, https://doi.org/10.1029/2019AV000140) 
and You et al. (2021, https://doi.org/10.3390/atmos12070848) then the agreement between the two 
estimates is much clearer. Figure 4 of this response is a revised version of Figure S6 that is included in 
the revised manuscript. 
 

 
Figure 3 Number density of the ΔXCO2 top-down signal against combined ΔXCO2 NEE + ΔXCO2 BB signal (for the mean 
estimates) for (a) OCO-2 land super-obs, (b) OCO-2 ocean super-obs, (c) Wollongong TCCON measurements, and (d) 
Lauder TCCON measurements. The colors show the number of observations per grid cell. OCO-2 measurements are 
included over a domain of 130—170 E and 20—50 S. The solid black line shows the result of a linear regressions. 
We estimate uncertainty of this fit by performing regressions on a bootstrap re-sampling of the data, with the grey 
shaded area showing the range in regressions obtained. The dashed line shows the 1:1 line. For ΔXCO2 NEE + ΔXCO2 BB 
signal, biomass burning emissions are released at the injection height. 
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Figure 4 Number density of the ΔXCO2 top-down signal against combined ΔXCO2 NEE + ΔXCO2 BB signal (for the mean 
estimates) for (a) OCO-2 land super-obs, (b) OCO-2 ocean super-obs, (c) Wollongong TCCON measurements, and (d) 
Lauder TCCON measurements. The colors show the number of observations per grid cell. OCO-2 measurements are 
included over a domain of 130—170 E and 20—50 S. The solid black line shows the result of a linear regressions. 
Black points show the average ΔXCO2 top-down along for a given ΔXCO2 NEE + ΔXCO2 BB increment, binned with 0.2 ppm 
intervals; the error bars represent 1𝜎. Aggregated points are only calculated if there are more than 100 
measurements for OCO-2, or more that 15 measurements for TCCON. Linear regressions are shown for the 
aggregated points. 

L402-412: While it is true that the emissions estimated here are based on observations, the 
uncertainty associated with the emission ratio is not to be underestimated. This should be explicitly 
reiterated here, and not just discussed in the supplement. Yes, the emission estimate is informed by 
measurements of a trace gas, but it’s not CO2. 
 
This is a good point that we neglected to discuss. We have added a discussion of this in the manuscript 
in Sec 6.3.2: 
 
L603-618: 
 
“6.3.2 CO2/CO emission ratio 
 
To estimate biomass burning CO2 emissions from estimated CO emissions, the CO2/CO emission ratio 
needs to be precisely and accurately known. However, there is considerable uncertainty in this value, 
with recent reported values for Australian forests ranging from 8.59+/-1.16 gC gC-1 (Paton-Walsh et al., 
2014) to 12.65+/-2.34 gC gC-1 (Gurerette et al., 2018) (Table S5). We incorporated some of this 
uncertainty by applying different emission ratios for the GFAS (9.44 gC gC-1 for forests) and GFED (11.91 
gC gC-1 for forests) based biomass burning estimates. A further comparison of simulated and measured 
XCO2 and XCO retrievals at Wollongong and Lauder supports the emission ratios employed here (Fig. S8). 
For Wollongong, we found an observed XCO2/XCO ratio of 0.014 ppm ppb-1 (range: 0.011 to 0.036 ppm 
ppb-1) and a simulated XCO2/XCO ratio of 0.017 ppm ppb-1 (range: 0.009 to 0.021 ppm ppb-1), while the 
dynamic range of biomass-burning-impacted measurements at Lauder was not sufficient to provide a 
strong constraint on the emission ratio (note that XCO2/XCO ratios are not directly comparable with 
emission rations due to chemical loss of CO). Still, we acknowledge that uncertainty in the CO2/CO 
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emission ratio remains a major challenge in estimating CO2 biomass burning emissions from CO flux 
inversion analyses.” 
 
References: 
 
Schwalm, C. R. et al. Assimilation exceeds respiration sensitivity to drought: A FLUXNET synthesis. 
Global Change Biol 16, 657–670 (2010). 
 
Minor/typographical: 
 
L38: would hyphenate “fire-impacted” when used as adjective 
 
fixed 
 
L59 & L396 & L461: something weird with Bowman reference showing initials 
 
We were unable to change this setting. It appears to be the format for citation provided by AGU when 
there is more than one author with the same last name. 
  
Figure 1 caption: I guess that should be ERA5? 
 
Yes, thanks. 
 
L86: regions -> region 
 
fixed 
 
L113: I guess you aim to answer/address, rather than aim to ask, or you just “ask”… 
 
fixed 
 
L134-135: Not sure about the plural/singular verbs in this sentence. I’m still a believer in “data” being 
plural, though I know common usage is shifting, but wouldn’t “vegetation land cover” be singular? 
 
Fixed both 
 
L185-187: could be rewritten to make it easier for the reader to parse, perhaps starting with: “We 
employ two different biomass burning emissions datasets as prior CO fluxes, namely…” 
 
fixed 
 
L198: of nested -> of the nested 
 
fixed 
 
L215: aboard Suomi-NPP satellite -> perhaps “aboard the satellite Suomi-NPP” would be better? 
 
Fixed  
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L318: “recovered unrealistic negative coefficient” -> either “recovered an unrealistic negative 
coefficient” or “recovered unrealistic negative coefficients” 
 
fixed 
 
Caption Table 2: wherin -> wherein 
 
fixed 
 
L333: a -> as 
 
fixed 
 
Caption Figure 4: (b) biomass burning of for -> (d) biomass burning for 
 
fixed 
  
L423: sensitivity analysis -> either “sensitivity analyses” or “a sensitivity analysis” 
 
fixed 
 
L465: damages due to biomass burning, which prevent -> damage due to biomass burning, which 
prevents 
 
fixed 
 
L473: reduction -> a reduction 
 
Sentence removed 
 
L490: drought and heat impacted -> drought- and heat-impacted 
 
Sentence removed 
 
L579-581: I think Wollongong’s acknowledgement text is in the wrong place. 
 
fixed 
 
Supplement P5, first few lines: This sentence is missing a subject I think… 
 
We did not find this instance. The revised supplement has line numbers added. 
 
P5 L??: biome specific -> biome-specific 
 
fixed 
 
P5 L??, also caption Table S5: wrong citation style for Akagi et al. (2011) 
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fixed 
 
P6 L2: regions -> region 
 
fixed 
 
Caption Figure S3: have lowest pressure level in the range 920–970 hPa for TRPOPOMI -> have their 
lowest pressure level in the range 920–970 hPa for TROPOMI 
 
fixed 
 
Caption Figure S4: historigram -> histogram 
 
fixed 
 
Caption Figure S6: number observations -> number of observations; estimate uncertainty -> estimate 
the uncertainty 
 
fixed 
 
 
Reviewer 2 
 
The manuscript by Byrne et al. uses multiple satellite-derived trace gas products and an atmospheric 
model to constrain the magnitude of carbon emissions from Australia during the 2019-2020 extreme 
drought and wildfire season. The authors estimate that CO2 losses from wildfires were about 180 Tg 
C, with an uncertainty of about plus or minus 40%. This estimate is about 30% higher than the GFED 
fire emissions inventory and about 270% higher than the GFAS inventory. Carbon losses from the 
impact of drought on gross primary production added another 19-52 Tg C of carbon losses.  
 
Overall the paper provides a timely estimate of a significant biomass burning event. The focus on 
injection height and emission factors in the inversion approach is appropriate and I believe provides a 
reasonable exploration/assessment of uncertainty. The approach using TROPOMI observations to 
constrain biomass burning emissions for Australia is novel, but follows a conceptual framework that 
has been previously established and applied to several times wildfire emissions from Indonesia and 
other continental-scale regions.  
 
Major comments:  
 
Overall the paper is well written, yet in the introduction for many of the wildfire references the 
authors cite studies from boreal forests and/or other biomes. There is a well-developed literature on 
ecosystem impacts from Australian wildfires that the authors could more systematically cite for 
ecosystem recovery times and wildfire impacts.  
 
We have re-written much of the introduction and discussion to be more focused on the Australia setting 
and research. Many studies are now cited. 
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To this reviewer, it would strengthen the manuscript to provide more validation of the posteriori 
fluxes. Could the authors compare the impact of the prior and posterior biomass burning emissions 
fluxes from their atmospheric model with estimates from Palmer Station, Cape Grim or Baring Head 
GMD stations - all of these show a clear CO anomaly during this time period in the flask data. Just 
some simple time series plots. Even more remote sites like South Pole station might be helpful. While 
I appreciate the comparisons with CrIS, this comparison was not very quantitative in the video. Figure 
S6 was helpful, but not super compelling. I realize this may require another simulation, but 
independent validation is important.  
 
We agree that evaluation against independent data is important, and note that we also evaluated 
against the Wollongong and Lauder TCCON sites in addition to CrIS. 
 
We have provided additional evaluation against three surface stations: Cape Grim, Baring Head, and 
Lauder. Note that Palmer Station is outside of the one-way nested model grid, so we cannot compare to 
this site. We have provided some timeseries plots for CGO in this reply (Fig. 5 and 6), but find them not 
to be particularly informative because data-model mismatches for individual measurements appear to 
be dominated by representativeness and transport errors. 

 
Figure 5 Timeseries of measured and simulated CO (ppb) at Cape Grim, Australia. 

 

 
Figure 6 Timeseries of measured and simulated CO2 (ppm) at Cape Grim, Australia 

In the revised supplementary materials, we have added summary statistics for this comparison, and 
noted this comparison in the main text. 
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L247-253: “The performance of the nested CO flux inversions are evaluated by comparing the posterior 
CO fields with the TROPOMI XCO measurements,  independent XCO measurements from the nearby 
Wollongong (Griffith et al., 2014) and Lauder (Pollard et al., 2019, 2017) Total Column Carbon Observing 
Network (TCCON) (Wunch et al., 2011) sites, the Cross-track Infrared Sounder (CrIS) and surface-based 
flask and in situ measurements at the nearby Cape Grim (CGO), Baring Head (BHD), and Lauder (LAU) 
sites.” 
 
L271-272: “Posterior fluxes generally show better agreement with the TROPOMI, TCCON, CrIS and the in 
situ and flask measurements” 
 
L393-395: “Similarly, simulated boundary layer CO2 at Cape Grim and Lauder show improved agreement 
with the measurements when the anomalies and included, while results at Baring Head are mixed (Table 
S6).” 
 
L799-803: “Baring Head (CO/CO2) and Lauder CO data were downloaded from the World Data Centre for 
Greenhouse Gases (https://gaw.kishou.go.jp/). Lauder CO2 data were obtained from the site PIs. Paul 
Krummel, Ray Langenfelds and Zoe Loh are thanked for supplying the Cape Grim CO/CO2 data.” 
 
Supplementary Materials L79-89: 
 
 “The surface-based flask and in situ measurements show qualitatively similar results to the XCO data 
(Table S5/Table 1 of response). For this analysis, we examine the mean posterior and prior data-model 
mismatches averaged across the different boundary condition and biomass burning estimates. For all 
measurements, the data-model mismatch is systematically negative (-2.45 to -6.84 ppb), which is 
primarily due to residual biases in the boundary conditions. For biomass burning sensitive 
measurements, the data-model mismatch is sensitive to the emission heights, consistent with the XCO 
data. When emissions are released at the injection height, the data-model mismatch for biomass-
burning-sensitive measurements is reduced from 20.42-99.15 ppb to 7.22-60.22 ppb. However, the prior 
and posterior data-model mismatches are of similar magnitude when biomass burning emissions are 
released at the surface.” 
 
Table 1/Table S5 Median data–model mismatch for ground based in situ and flask measurements of CO (ppb) at 
Cape Grim (CGO), Baring Head Station (BHD) and Lauder (LAU). Data–mode mismatches are shown separately for 
simulations that release biomass burning emissions at the injection height (“injh”) and surface (“surf”), and 
simulations that utilize posterior (“post”) and prior (“prior”) biomass burning emissions. In addition, the data-model 
mismatch is shown for all measurements (“all”) and biomass-burning-sensitive measurements (“sens”). Biomass-
burning-sensitive measurements are taken to be measurements for which the simulated posterior CO biomass 
burning signal is greater than 20 ppb for CGO (where there are many large observed enhancements) and 5 ppb for 
Lauder (where there are fewer observed enhancements). No biomass burning enhancements were found for BHD. 

Simulation CGO BHD LAU 
injh, all, post -3.75 -6.84 -2.45 
injh, all, prior -3.65 -6.84 -2.45 

injh, sens, post 60.22 N/A 7.22 
injh, sens, prior 99.15 N/A 20.42 

surf, all, post -4.60 -6.84 -3.91 
surf, all, prior -4.26 -6.84 -3.87 

surf, sens, post -14.56 N/A -11.20 
surf, sens, prior 18.62 N/A 1.85 
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Table 2/Table S6 Median data–model mismatch for ground based in situ and flask measurements of CO2 (ppm) at 
Cape Grim (CGO), Baring Head Station (BHD) and Lauder (LAU). Data–model mismatches are shown separately for 
simulations that do include flux anomalies (“post”) and those that do not (“prior”). In addition, the data-model 
mismatch is shown for for all measurements (“all”) and those deemed to be sensitive to the CO2 flux anomalies 
(“sens”). Sensitivity to flux anomalies was taken to be measurements where the magnitude of the simulated flux 
anomaly CO2 signal was greater than 0.5 ppm. 

Simulation CGO BHD LAU 
all, post 0.02 0.03 -1.90 
All, prior 0.04 0.16 -1.91 

sens, post 0.36 -0.63 -1.71 
sens, prior 1.20 0.43 -2.09 

 
 
Similarly, a confirmation that the CO/CO2 emission ratio the authors used for wildfire combustion was 
appropriate would bolster confidence for a key parameter in the authors' analysis.  
Are CO/CO2 ratios from the Wollongong TCCON station available to provide an independent 
validation of the authors approach?  
 
This is a clever idea, thank you! We have added a supplementary figure that plots XCO2 versus XCO for the 
simulated and observed values at Wollongong and Lauder (Fig. 3 of this response). We have also added 
a discussion of these uncertainties to the text: 
 
L603-618: 
 
“6.3.2 CO2/CO emission ratio 
 
To estimate biomass burning CO2 emissions from estimated CO emissions, the CO2/CO emission ratio 
needs to be precisely and accurately known. However, there is considerable uncertainty in this value, 
with recent reported values for Australian forests ranging from 8.59+/-1.16 gC gC-1 (Paton-Walsh et al., 
2014) to 12.65+/-2.34 gC gC-1 (Gurerette et al., 2018) (Table S5). We incorporated some of this 
uncertainty by applying different emission ratios for the GFAS (9.44 gC gC-1 for forests) and GFED (11.91 
gC gC-1 for forests) based biomass burning estimates. A further comparison of simulated and measured 
XCO2 and XCO retrievals at Wollongong and Lauder supports the emission ratios employed here (Fig. S8). 
For Wollongong, we found an observed XCO2/XCO ratio of 0.014 ppm ppb-1 (range: 0.011 to 0.036 ppm 
ppb-1) and a simulated XCO2/XCO ratio of 0.017 ppm ppb-1 (range: 0.009 to 0.021 ppm ppb-1), while the 
dynamic range of biomass-burning-impacted measurements at Lauder was not sufficient to provide a 
strong constraint on the emission ratio (note that XCO2/XCO ratios are not directly comparable with 
emission rations due to chemical loss of CO). Still, we acknowledge that uncertainty in the CO2/CO 
emission ratio remains a major challenge in estimating CO2 biomass burning emissions from CO flux 
inversion analyses.” 
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Figure 7. Scatter plot of XCO2 against XCO for observed and simulated measurements at Lauder and Wollongong TCCON sites. 
Grey points indicate measurements that were not impacted by biomass burning, while red points were impacted by biomass 
burning (based on a simulated biomass burning XCO2 signal >0.35 ppm). Blue line shows a linear regression for measurements 
impacted by biomass burning, while the blue shading shows the uncertainty in this regression, estimated from the spread of 
regressions performed with bootstrap resampling. 

 
 
Minor comments:  
 
Line 142. Change "emission scaling factors" to "emission factors". There is a well-established 
nomenclature here.  
 
fixed 
 
Figure 1 caption ERA4 or ERA5?  
 
Thanks, ERA5, fixed 
 
Figure 2. Replace "CO to CO2 estimate" wth "CO/CO2 emission ratio"  
 
fixed 
 
3.1 Biomass burning emissions. Line 164 -165. "Atmospheric CO inversions have been shown to be an 
effective top down approach for estimating fire carbon emissions ... "The authors primarily cite 
papers from their own team starting in 2015, yet there is a well-established literature on this for 
nearly 20 years, with one of the classic papers originating from an Australian team.  
Please cite the field more broadly here, drawing on the study by Langenfelds et al. as a starting point.  
 
Langenfelds, R. L., Francey, R. J., Pak, B. C., Steele, L. P., Lloyd, J., Trudinger, C. M., & Allison, C. E. 
(2002). Interannual growth rate variations of atmospheric CO2 and its δ13C, H2, CH4, and CO between 
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1992 and 1999 linked to biomass burning. Global Biogeochemical Cycles, 16(3), 21-1.  
 
We have added this citation, and have cited a number of studies on the impact of fire on Australian 
ecosystems throughout. 
 
Figure 3 labeling. Difficult to ascertain what is meant by Hx. I think this is the model. Please define and 
adjust figure labels and caption.  
 
Fixed 
 
Section 3.2 Top down delta CO2 signal. A simple set of maps showing the OCO-2 XCO2 during the 2019 
season, another panel representing a climatology of previous seasons (after adjusting for the global 
mean CO2 growth rate), and a third panel showing the anomaly would go a long way toward 
convincing the reviewer and readers about the quality and impact of the OCO-2 data in the inversion.  
 
Unfortunately, a simple comparison like this is not informative due to the sparsity of OCO-2 XCO2 
retrievals and impact of distant source regions on XCO2 variability. Instead, we have plotted maps 
showing the estimated anomaly in XCO2 data relative to climatological fluxes (ΔXCO2 top-down) and maps of 
tagged-tracers of the XCO2 anomalies due to biomass burning and ΔNEE in southeast Australia (ΔXCO2 NEE 
+ ΔXCO2 BB). Agreement in the XCO2 enhancements between these two anomalies estimates, shows that 
the estimated biomass burning and NEE anomalies can explain the top-down estimates of XCO2 
anomalies. 

 
Figure 8. 14-day maps of ΔXCO2 for OCO-2 measurements. Top row shows ΔXCO2 top-down values and the 
bottom row shows ΔXCO2 NEE + ΔXCO2 BB.  

The signal for individual anomaly estimates is dominated by random errors, making this comparison 
quite noisy. If the data are instead plotted as a scatter plot, and binned in increments of 0.2 ppm for 
ΔXCO2 NEE + ΔXCO2 BB, (e.g., as performed in Yin et al. (2020) and You et al. (2021)) then the agreement 
between the two estimates is much clearer. Figure 5 of this response is a revised version of Figure S6 
that is included in the revised manuscript. 
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Figure 9. Number density of the ΔXCO2 top-down signal against combined ΔXCO2 NEE + ΔXCO2 BB signal (for the mean 
estimates) for (a) OCO-2 land super-obs, (b) OCO-2 ocean super-obs, (c) Wollongong TCCON measurements, and (d) 
Lauder TCCON measurements. The colors show the number of observations per grid cell. OCO-2 measurements are 
included over a domain of 130—170 E and 20—50 S. The solid black line shows the result of a linear regressions. 
Black points show the average ΔXCO2 top-down along for a given ΔXCO2 NEE + ΔXCO2 BB increment, binned with 0.2 ppm 
intervals; the error bars represent 1𝜎. Aggregated points are only calculated if there are more than 100 
measurements for OCO-2, or more that 15 measurements for TCCON. Linear regressions are shown for the 
aggregated points. 

 
4 Carbon cycle anomalies. Line 351-353. There is a big problem with the units here of the fluxes.  
 
Yikes! Good catch, we have revised to “gC m-2 day-1”. 
 
Figure 4. There is a typo in Figure 4 caption.  
 
fixed 
 
Conclusions. Please consider strengthening the final few sentences of the paper. "suggests" seems a 
bit weak given the extreme nature of this event.  
 
Conclusions have been re-written 
 
Tables S1-S4. Please explain in the caption what the units are. I couldn't figure out the units at all - but 
I may be missing something pretty basic here.  
 
Fixed, units are ppb 
 
Table S5. Spelling error.  
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fixed 
 
The videos were informative and effective!  
 
Thanks! 
 
 
 
Reviewer 3 
 
 
 The study is a very timely and elegant analysis of the impacts on carbon fluxes of the unprecedented 
fires in the Southeast of Australia in 2019 and early 2020, the drought that it preceded, and the 
record-breaking temperatures. It then analyses how different vegetation types began to recover over 
the following growing season (Austral autumn). It uses a diverse set of observations and inverse 
modeling techniques, and I found the analysis robust and almost ready for publication.  
 
A few comments largely related to the vegetation types addressed in the study.  
 
Figure 1 caption. Place consistently (x) at the beginning of the sentence.  
 
fixed 
 
Legend in panel f needs fixing.  
 
Fixed – ENF and EBF aggregated to “forests” 
 
Figure 1f. The most dominant forest type in the study area, as shown in figure 1f, is evergreen 
needleleaf with the darker green. To my knowledge, there are very little if much of needleleaf forests 
in the region beyond a tiny fraction of forests that could be placed in a generic needleleaf category 
(eg, Callitris, Casuarina, pine plantations). The darker green region in the map is in fact dominated by 
eucalypt forests which cannot be classified as needleleaf forests. I understand the classification comes 
from a global classification, but given it is a regional application,  the category names used are 
certainly not appropriate. The second forest category is the pale green classified as evergreen broad 
leaf. Those are also eucalypt forests too (not necessarily eucalyptus genus) and are largely the forests 
in the mountains generically known as the “Australian alps”. The evergreen broadleaf used in Boer et 
al. 2020 that the authors refer to, would be inclusive of both of green categories.  
 
I suggest the authors check the forest types map here and authors make a decision of what to call the 
two green categories. I appreciate there is not a direct translation, otherwise I would have suggested 
it. An alternative is not to make a difference between the two forest types and call them all forests.  
https://www.agriculture.gov.au/sites/default/files/abares/forestsaustralia/publishingimages/forest
%20profiles%202008/australias_forests_2008.pdf  
 
Figure 6d, map. It shows burned and unburned areas of evergreen broad leaf along the southeast, 
inconsistent with the Figure 1 d map. It makes me thing that figure 1f might be incorrect which was 
the reason for my comment above. Please sort this out. 
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Thank you for bringing this to our attention. The MODIS IGBP product appears to erroneously split these 
Eucalyptus forests into ENF and EBF. We have revised the text throughout to only include a single forest 
category that incorporates both the previously defined EBF and ENF regions. 
 



 
 

Authors’ Response to Peer Review Comments on First Revision of 
Manuscript (2021AV000469R) 

[Please see attachment that begins on the next page.] 

 



Dear Dr. Trumbore, 
 
We appreciated the constructive comments of the editor and reviewers. We have addressed the com-
ments below. Reviewer/editor comments are shown in bold with our responses in blue. Line numbers 
refer to the tracked changes manuscript, and changes to the text are underlined. 
 
Editor comments: 
 
Both reviewers are mostly satisfied with the revised manuscript, though both note the need for 
additional, mostly minor, changes. However, reviewer 2 has a few additional clarifications needed in 
the XCO2 data and would insist that the XCO2 data from OCO-2 be included as a main text or SI 
figure in the final paper for completeness. With these minor revisions, the paper can be acceptable 
for publication.  
 
I also need to remind you of the sentence in the data availability section at the end of the paper - 
"The gridded daily estimates of delta NEE and biomass burning will be made publicly available upon 
publication" - you need to include a doi for these data for final publication.  
 
We have addressed all of the reviewer comments below. We are in the process of generating a DOI. 
JPL requires that publicly posted datasets undergo internal review. I submitted the dataset last week 
but am still waiting for final approval. Once it has been approved, I will be able to provide a DOI and 
the dataset will be hosted by the Dataverse project. As all other comments to the paper have been 
performed, we are resubmitting the paper now in the hope that we can provide the DOI at a later date 
when it is available (should be sometime next week).  
 
Reviewer #1 Comments: 
 
L97-98: combine as one sentence (period to comma) 
 
done 
 
L109: add comma after "drought" 
 
done 
 
L117: either add a comma after "rainfall" or remove the first comma 
 
done 
 
L149-156: purely a stylistic comment, but the word "then" is repeated here a lot. Perhaps some 
could be replaced or removed? 
 
done 
 
L182: add "the" after "estimate" 
 



done 
 
L188-189: Perhaps it would be more compact to say that it "inherits the chemistry transport model 
from GEOS-Chem and its adjoint" (in any case without "the" before the first instance of "GEOS-
Chem"). 
 
done 
 
L215 & L754: I think "scaling factors" is more common than "scale factors" for this usage. 
 
done 
 
L247: are -> is 
 
there is more than one inversion, such that “are” is correct 
 
L254: remove "satellite" (second time) 
 
done 
 
L273: biomass-burning-sensitive shouldn't be hyphenated here, but should be hyphenated on the 
following line. (Compound adjectives should be hyphenated when preceding the noun they qualify, 
but not when following linking verbs.) 
 
done 
 
L318: The doi refers to version ObsPack GLOBALVIEWplus version 4.1, not version 6, check this. 
 
Thank you. We have corrected with v6 reference. 
 
L390: mismatched -> mismatches 
 
done 
 
L393: show -> shows 
 
done 
 
Caption for Figure 4: missing one opening parenthesis after modification 
 
done 
 
Suggestion for the caption of Figure 7: Perhaps the last bit would be easier to understand as 
"relative to a reference period from 10/11 to 18/19"? I stumbled a bit on the multiple "to"s. 
 



done 
 
L449: though -> through (and maybe better: "over the period 10/11 through 19/20"?) 
 
replaced with “over the period 10/11 through 19/20” 
 
L450: add a space before the units 
 
This was a tracked changes formatting issue 
 
L484: estimate -> estimates 
 
done 
 
L483: remove comma after "wherein" 
 
done 
 
L501-502: Perhaps better: "..the different approaches are complementary", rather than the 
differences being complementary. 
 
done 
 
L535: add an accent to La Niña 
 
done 
 
L538: I understand that with "carbon recovery could last indefinitely" you mean to suggest that the 
recovery period may become infinite, but this could be misunderstood. Perhaps it would be more 
clear to state that "carbon stocks may not be able to recover". 
 
done 
 
L545: "fire induced" should be hyphenated 
 
done 
 
L547: some words missing, maybe "20 years are required to reach maturity and produce viable 
seeds"? Also, the last line suggests that this makes the ecosystems more vulnerable to recurrent 
fire, but perhaps you mean that "potentially threatening the survival of these species/ecosystems if 
subject to recurrent fire for several decades"? 
 
Re-worded as: "For some species, such as Mountain Ash,  ~20 years are required to reach maturity 
and produce viable seeds (Lindenmayer et al., 2021), potentially threatening the survival of these 
species if subject to recurrent fire for several decades" 
 



L559-560: This sentence seems a bit redundant. Isn't that more or less the definition of a shortening 
inter-fire interval? 
 
Reworded: “Trends in climate variability will likely have a number of impacts on the carbon cycle of 
the region. A major risk for forest ecosystems is recurrent fires during recovery from the previous fires, 
with studies finding significant negative impacts on ecosystem function for both obligate seeder (D. M. 
J. S. Bowman et al., 2014) and resprouter-dominated communities (Fairman et al., 2017; Collins, 
Hunter, et al., 2021).” 
 
L733: I guess that this aggregation takes place on a daily or orbital temporal scale? Please specify. 
 
Orbital, added 
 
L757: I think "on" should be "of"  
 
corrected 
 
Supplement:  
 
L53: do -> does (or change "mismatch" to "differences") 
 
done 
 
L102: space in "forestand" 
 
done 
 
L104-105: problems with citation formatting 
 
fixed 
 
L106: ration -> ratio 
 
fixed 
 
L107: the to -> to the 
 
fixed 
 
L123: drive partially -> partially drive 
 
fixed 
 
L125: insert "of" at the end of the line 
 



fixed 
 
L127: instead of an "analysis of comparison of differences in these datasets" perhaps just a 
"comparison of these datasets" would suffice. 
 
fixed 
 
Caption S1: are shown -> is shown 
 
fixed 
 
Figure S4: “occurrences” is misspelled (in two different ways) in the y-axis label 
 
fixed 
 
Table S7 caption: fractors -> factors 
 
fixed 
 
 
Reviewer #2 Comments: 
 
The response to my request for a basic figure showing the XCO2 anomalies from the wildfires from 
OCO-2 was not adequate in my opinion. For CO the authors show a very nice figure that shows the 
XCO data from TROPOMI and the model comparison to it (c and d of Figure 3 in the main text). This 
is important because what is novel about this paper is that the authors are claiming that the 
satellite data from BOTH TROPOMI and OCO-2 are important constraints. The CO data from 
TROPOMI are clearly shown. Yet there is no comparable figure for XCO2 from OCO-2. I understand 
the authors' point in the response that the XCO2 data from OCO2 are sparse (this is shown in Figure 
8 in the response) in part from aerosol contamination, yet some level of averaging as a function of 
latitude and longitude and time (14 days or 1 month or the fire season) should make it possible to 
show the anomalies of XCO2 in map form along the coast or over a belt of eastern Australia from 
the 2021 season versus earlier data. And then a separate comparison with the posterior model 
estimates. I realize this will require some sort of normalization that considers the increasing 
atmospheric CO2 growth rate from fossil fuel emissions. Maybe this is what delta XCO2 top-down is, 
removing simulated XCO2 effects from transport, fossil fuels, and NEE from other ecosystems, AND 
climatological NEE from Australian ecosystems. If delta XCO2 top-down is defined in this way, then 
including Figure S8 in response the main text or SI would be a reasonable step that would address 
my concern. The goal is to show a map of the XCO2 anomalies.  
 
This is the correct interpretation of ΔXCO2 top-down, we have clarified this in the text as described below. 
Although we feel that these maps are not particularly informative for ΔXCO2, we would like to be fully 
transparent with our analyses and have added this figure to the supplementary materials (Figure S7 of 
revised supplement). 
 
delta XCO2 top-down needs to be better defined as well. Does it include all the terms mentioned 



above (time-evolving NEE from other ecosystems (on other continents), climatological NEE from 
Australia, time-evolving ocean exchange, fossil fuel emissions?). This term needs to be defined 
better, only NEE is mentioned in the main text, but not the other fluxes. In the response the authors 
say climatological fluxes go into this, but this certainly would not be appropriate for fossil emissions, 
and it's likely that some prior information on terrestrial and ocean flux anomalies outside the 
nested domain could help reduce model-obs XCO2 outside (at the boundary of the domain). This is 
what is needed to isolate the signal from inside the nested domain. Currently I cannot tell what 
delta XCO2 top-down contains from the text on line 278 or the appendix. If it does include these 
elements, then it should likely show a 1-3 ppm anomaly, based on what seems to be the magnitude 
of the CO2 anomaly shown in Figure S8 from Wollongong. This is important because it illustrates to 
the reader the strength of the OCO-2 constraint. It seems like moving forward, an inversion outside 
of the nested domain that optimizes NEE and ocean flux anomalies from exterior ecosystems and 
ocean regions (to the domain of interest) to yield the best fit to OCO-2 XCO2 on the border just 
outside of the nesting would strengthen the authors' ability to isolate the signal in OCO-2 XCO2 
originating from inside the domain.  
 
Thank you for catching this! We neglected to state that we also use climatological ocean fluxes and 
ODIAC fossil fuel emissions. We impose 2018 emissions for 2019/2020 due to the unavailability of 
data for these years. The error induced from using 2018 FF emissions is small as fossil fuel emissions 
are quite steady from year to year over Australia (Note this study is in the period before COVID 
induced emissions changes). We have clarified this in the text (L281-307): 
 
“The top-down estimate of ΔXCO2 (ΔXCO2 top-down) is calculated based on the data-model difference 
between OCO-2 and TCCON measurements and simulated CO$_2$ fields based on climatological NEE 
and ocean fluxes and ODIAC fossil fuel emissions (Oda & Maksyutov, 2011; Oda et al., 2018) 
 
Climatological NEE and ocean fluxes are generated through CO2 flux inversion analyses as the average 
over the period 2010–2018. Fluxes over 2010–2014 are taken as the mean GOSAT+surface+TCCON 
inversion of Byrne, Liu, Lee, et al. (2020). To generate climatological fluxes over 2015–2019, we per-
form a flux inversion at 4◦×5◦assimilating OCO-2 measurements and surface-based CO2 measure-
ments concurrently and use the identical inversion set-up to Byrne, Liu, Lee, et al. (2020). For surface 
measurements, we use version 6.0 of the GLOBALVIEW plus package (Masarie et al., 2014; Schuldt et 
al., 2020). For OCO-2 measurements, we use ACOS b10 land (land glint and land nadir) and ocean glint 
retrievals aggregated into super-obs at 0.5◦×0.5◦ resolution grids following Liu et al. (2017), with the 
additional requirement that there must be a minimum of three OCO-2 observations within each 
0.5◦×0.5◦grid box per track. We use all data that pass the quality flag filter. This 2015–2019 flux inver-
sion is referred to as the “IS+LNLGOG” inversion.  
 
Calculations of the ΔXCO2 top-down signal are performed with the one-way nested grid over Australia. 
First, we generate boundary conditions by performing a simulation at 2o x 2.5o with regrided optimized 
NEE and ocean fluxes and prescribed fluxes from the 4o x 5o flux inversion for 2019--2020. Then we run 
the nested model with the climatological NEE and ocean fluxes and ODIAC fossil fuel emissions (we 
impose 2018 ODIAC emissions for 2019 and 2020 based on the availability of data). Simulated CO2 
fields are sampled for OCO-2 and TCCON observations from 1 Oct 2019 through 31 Jan 2020.and 
sample the OCO-2 and TCCON observations from 1 Oct 2019 through 31 Jan 2020. Finally, we calculate 
the ΔXCO2 top-down anomaly signal as the data-model mismatch for these simulated observations.” 



 
Minor issues:  
 
First paragraph: "These conditions can also precondition secondary carbon cycle disturbances, such 
as fires" This is awkwardly written. I don't think fire is considered a secondary disturbance here or 
globally, and precondition does not seem appropriate here. Please adjust. Something like the 
following seems more direct: Drought and elevated temperatures also dry fuels, increase litterfall, 
and elevate levels of tree mortality, all of which may trigger additional carbon losses by means of 
wildfire. Use of precondition later in the introduction also did not seem optimal. 
 
Re-written as suggested: “Hot-dry conditions can directly suppress both gross primary productivity 
(GPP) and ecosystem respiration (TER), with greater suppression of GPP leading to carbon loss 
(Reichstein et al., 2007; Sippel et al., 2018). These conditions also dry fuels, increase litterfall, and 
elevate levels of tree mortality, all of which may trigger additional carbon losses by means of wildfire 
(D. M. J. S. Bowman et al., 2009; Abram et al., 2020).” 
 
We have changed the second instance of precondition to provoking: 
 
“These conditions have been most extreme during 2019, which was the hottest and driest year 
recorded in southeast Australia (Abram et al., 2020; Bureau of Meteorology, 2020), provoking one of 
the worst bushfires seasons in recorded history” 
 
Figure 1. Panel f. Both Shrub and savanna are brown. If they are a single class, maybe relabel as 
Shrub & savanna or something similar. If the are supposed to be separate classes, then adjust the 
colors in the map.  
 
Adjusted colors 
 
In the paragraph on emission factors and ratios (line 257), please note the units of the emission 
ratios, which I think are g C (CO2)/g C (CO). I think this is equivalent to mole fraction (ppm/ppm) 
which is also widely used in the literature.  
 
Correct, they are gC/gC. Added units to text. 
 
Figure S2. Please adjust with another panel or scale in main panel so that the data and models are 
not cutoff on the top. 
 
Extended y-axis. 


