Response to Referee #2

General Comments:

This study mainly focused on investigating the differences among widely
adopted emission inventories of biomass burning and revealing the main
reasons. It is a necessary work for improving the emission inventories in the
future. The manuscript can be accepted after the following questions addressed.
Response:

We thank the reviewer for the very helpful comments. We have revised the
manuscript carefully according to the reviewer’s suggestions.

Specific Comments:
1. The abstract should be shorted and refined.
Response:
Thanks for the helpful suggestion. We have shortened the abstract, which
is now only 381 words.

2. Line 41: we give certain inventory recommendations based on different
study areas and spatiotemporal scales. What are your certain
recommendations for the global emission inventory? Please briefly describe
in abstract, which is important to help readers find the key points of the paper.
Response:

Thanks for the helpful suggestion. We added following sentences in the
abstract: “In the high latitudes of the Northern Hemisphere, using GFED4s
and QFEDZ2.5 can better capture the AOD magnitude and diurnal variation.
In equatorial Asia, GFED4s outperform AErosol RObotic NETwork others in
representing day-to-day changes, particularly during intense burning. In
Southeast Asia, we recommend using the OC emission magnitude from
FINN1.5 combined with daily variability from QFED2.5. In the Southern
Hemisphere, the latest VFEIO has performed relatively well.”

For specific changes, please refer to the tracked changes in the
manuscript.

3. The introduction should be re-written again. The authors listed so many
literatures, while they do not better summarize them. At the end of each
paragraph, the main contents or research shortages should be given. Line
123-150 is not necessary to give these equations in the introduction. Line
181-190, wordy sentences.

Response:

Thank you for your valuable feedback. We have thoroughly revised the



introduction, addressing your suggestions, which include removing
equations and shortening the section. For specific changes, please refer to
the tracked changes in the manuscript.

4. The calculation of DM (Line 411-419), FC (Line 508-510), EF (5667-569)
may not be included in part 3. This is the introduction of methods, instead of
the analysis of emission inventories.

Response:

Thank you for your kindly reminder. We have relocated these
calculations to section 2.2. For specific changes, please refer to the tracked
changes in the manuscript.

5. Line 550-553: How empirical factor affect the amount of DM? It is also an
important factor with uncertainty.

Response:
(a) QFED2.5 FRP density (b) VFEIO FRP density
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Figure S8. (a-b) Distribution of FRP density and (c-d) final DM in QFED2.5 and VFEIO in the
region shown in Figs. 5 during each July from 2013 to 2016.

In a top-down approach, the fire radiative powers are integrated over



time to obtain fire radiative energy, which is then converted to dry matter
(DM) using an empirical coefficient a. QFED2.5 uses MODIS Collection 6
MOD14/MYD14 level 2 products for estimating fire radiative power. The
initial value of a in QFEDZ2.5 is derived from Kaiser et al. (2009) and is
adjusted monthly based on global emissions of GFED2 in 2003-2007,
resulting in two sets of empirical coefficients: amop14 = 1.89 x 10° kg (DM)
J"and aMYD14 = 0.644 x 10% kg (DM) J-! (Kaiser et al., 2012; Darmenov
et al., 2015). In contrast, the empirical coefficient used in VFEIO is derived
from the linear regression of GFED3.1DM and VIIRS FRP. In the Boreal
North America (BONA) region, dominated by extratropical forest, the a value
in VFEIO is approximately 0.49x10¢ kg (DM) J-! (Ferrada et al., 2022).

Therefore, the differing a values between QFED2.5 and VFEIO in BONA
can result in higher DM in QFED2.5 compared to VFEIO by a factor of 1.3-
3.8. However, Figure. S8 shows that the DM in VFEIO is considerably higher
than that in QFED2.5. According to our calculations, DM in the QFED2.5
inventory is 30% lower than in VFEIO. The FRP density used in VFEIO leads
to higher DM than in QFED2.5 due to its superior horizontal resolution,
enabling more precise delineation fire areas. It's important to note that
although the empirical factor also influences the amount of DM, but its
impact should not be as significant as the difference caused by the
horizontal resolution of satellite products.

We have revised this paragraph in Lines 492-502.

6. The uncertainty of emission inventories was impacted by a combination
of those factors (EF, DM). Monte Carlo simulations were usually performed
in articles to evaluate the estimation uncertainty quantitatively for pollutant
emissions. So those combined uncertainty results of the emission
inventories in different regions can be compared, which may be associated
to the regional applicability of BB emission inventories.

Response:

Thank you for the suggestion. Typically, Monte Carlo simulations are
employed by researchers when creating an inventory and dealing with the
distribution of EF and DM that initial possess uncertainty. These simulations
use algorithms to generate stochastic values based on the Probability
Density Function (PDF) of the data. Commonly, PDFs are represented as
normal, lognormal, triangular, and uniform distributions.

However, in our study, the EFs used in the four emission inventories follow
previous studies listed in Table 1. Additionally, for each biome, the EF values
among the four inventories exhibit similarity. Furthermore, DM in this study
is calculated by dividing the emissions of each species by the EF.
Consequently, as we lack a reasonable PDF distribution for EF and DM with
initial uncertainty, it becomes challenging to calculate the uncertainty in
emission inventories using Monte Carlo simulations.



Our study aims to elucidate the variation in EF and DM across four
emission inventories in each region. This includes examining how
differences in vegetation classification affect EF and DM, and how DM is
affected by the sensitivity of different satellite products to cloud obscuration.

Conclusion: wordy sentences. Line 715-720, we all know these, and they
are not your conclusions or new findings.
Response:

Thank you for the suggestion. We have deleted these sentences.

From Figure.1 to Figure. 7, all the datasets are from the literatures or former
studies. These should not be the main contents of this study. The modeling
works, especially for the comparison between the modeling results, the bias
and the reasons should be emphasized.
Response:

Thank you for this important comment. We have shortened the conclusion
section that describes from Figure 1 to Figure 7. Please find the revised
paragraph in Lines 664-694.

Table 1, all the emission factors adopted in the four emission inventories can
not reflect the real emission situation. Can the author optimize the emission
factors with your modeling works? | think it will contribute more to science,
but not just compare the values.

Response:

Thank you for the important suggestions. Emission factors quantify the
grams of trace gases and aerosols emitted per kilogram of biomass burned.
We agree that the emission factors will significantly contribute to the BB
emissions. Table 2 in our study displays the differences in EFs among these
four emission inventories. However, actual emission factors also vary widely
depending on the different state of combustion (Pokhrel et al., 2021).
Pokhrel et al. (2021) reported a positive correlation between EF of a specific
species and the modified combustion efficiency (which describes the
combustion state of fires, with an MCE>0.92 indicating predominantly
flaming combustion). We have another study focusing on the impact of
combustion efficiency on the BB emission factors.

We have added following sentences in conclusion and discussion: “It is
worth noting that emission factors (as listed in Table 2) significantly
contribute to the differences in BB emissions. However, actual emission
factors vary widely depending on the different state of combustion (Pokhrel
et al,, 2021). Further study is needed to understand the impact of
combustion efficiency on the BB EFs and optimize them.”
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