Author response — RC4

We thank the reviewer for the thoughtful comments provided. We respond to them
below in the following manner: the comments are directly copied in black, our author
responses in blue, and suggested new manuscript text is indicated in green. New line
numbers in the revised manuscript are provided

This manuscript provides fundamental guidelines for CH4 emission estimation from
satellites and is therefore considered a meaningful contribution. By clearly describing
the methodology and explaining the rationale behind it, the authors present a highly
valuable topic.

However, to fully serve its purpose as a set of guidelines, additional clarification is

needed. My comments are as follows:

1. Technical corrections: Several typographical errors are found, particularly in the
Introduction (e.g., TCOON — TCCON in L46; 10% — 20% in L51; the full name of
HARP in L102; etc.).

These errors have been corrected in the revised dratft.
L46: TCCON

L50: Nitrogen Dioxide (NO2)

L51: Carbon Monoxide (CO)

L153: Harmonization and Analysis of Remote sensing data Package (HARP).

2. Section 2.1: Regarding the selection of study areas, please also describe why these
specific areas were chosen. The sentence in L185 and the content in L349-355 might

be appropriate to move into this section.

The description of the study area has been moved to Section 2.1 in the revised draft.
L98-L110: Waliguan was selected due to its long-term daily surface observation dataset
of CH4 from 1992 through 2024 (Zhou et al., 2004; Liu, S et al., 2021). Waliguan is the
world's highest atmospheric baseline monitoring station (at 3810 meters), as well as
being far from all coasts, and therefore is a representation of a clean, continental, high
atmospheric station in mid-latitudes. Critically, it offers a good representation of middle
atmospheric CH4 levels, which also makes it the only background site which is
representative of the outsized number of coal mines with high emissions from Shanxi,
Shaanxi, Inner Mongolia, Xinjiang, which are also located at high elevations and far
away from the sea (Yang et al., 2023; Zhang et al., 2020). It is further representative of

the conditions under which CH4 is emitted in other lesser studied regions around the



world (Sadavarte et al., 2021; Hancock et al., 2024).

The Permian Basin, situated in western Texas and southeastern New Mexico, is the
largest and fastest-growing oil and gas-producing basin in the United States, with oil
and natural gas production in the Permian Basin surged from 2014 to 2019 (EIA) and
by 2020 represented 38 percent of total U.S. oil production and 17 percent of total U.S.
natural gas production. We validate the applicability and robustness of our method by
comparing our results over this region with airborne observations made by Cusworth et
al. (2021).

3. Section 2.4: In the explanation of the random range of emission errors, please clarify
the physical meaning of 0 in the main manuscript. In addition, the method assumes that
emission uncertainty is driven by satellite retrieval uncertainty. However, instrument
error can also vary temporally and spatially. Therefore, is it valid to use the emission

error range derived from the background region and extend it to the target area?
The description of 6 has been added to the revised dratft.
L201: (B: the absolute value of the minimum negative emission in the grid)

The core used in this study to derive the emission error range is the white noise in the
observed xCH4 term and its non-linear propogation via gradient calculations required
to compute an emission from it. We are effectively transferring a physical method using
the same TROPOMI XCHj4 data and range of uncertainty into the emission calculation.
The uncertainty transfer mechanism is consistent regardless of concentration being low

or high, so long as the QA flags are similar in the different regions being considered.

This study did not directly apply the fixed uncertainty range of the background region
(i.e. the 0 values computed in Waliguan) to the new target region. Instead, it adopted a
dynamic calculation of 0 grid by grid, where 0 of each grid was determined by its own
most negative computed emission value. This is how uncertainty acts. Notice, we also
assume that the background region also has white noise as well, occurring on a grid-
by-grid basis. This means that the spatial-temporal heterogeneity of instrument
uncertainty has been incorporated into the noise amplitude quantification of individual
grids. For instance, in areas with strong aerosol interference or changing surface albedo,
the observation uncertainty within the grid is greater, and the absolute value (0) of the
most negative emission value will also increase accordingly. The filtering interval [-0,
0] is applied grid by grid to ensure that any localized sources of noise are fully

considered.

4. Section 3.1: The validity of this methodology seems to rely on the assumption that



the observation error in the background region follows a Gaussian distribution.
However, Figure 1 does not appear to support this. Is this non-Gaussian shape still
acceptable for the method? In addition, the sum of signal and noise can result in positive
values with exceeding the uncertainty range. It seems that this method may fail to
appropriately correct the emission uncertainty in such cases. If so, is it correct to
understand that the primary purpose of this study is to correct false-detection errors in

non-emission regions?

We do assume that the original observation error of TROPOMI is symmetric and
Gaussian, i.e. it conforms to a normal distribution. We have addressed this issue in a
set of new work currently under review (Hu et al., 2025) specifically applied to
uncertainty of xCH4 retrievals, and just accepted for publication (Guan et al., 2026-
ACP), in which we found that found that a normal distributions work reasonably well,
although they could be slightly modified other distributions could be even better (i.e.,
Cohen and Prinn, 2011). However, in this work we have not considered these findings

since this paper was submitted before the other two works were completed!

We believe that the results verify in a real-world application that our approach is
reasonable. In Figure 2 we note that a background area without significant emission
sources, the calculated emission flux distribution in the Wari Pass region shows a
typical near-normal distribution pattern, with only a slight positive bias, and that is due
to the superposition of a very small number of real and small emission signals, on top

of which is otherwise just statistical characterization of white noise.
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5. Figure 5: From this figure, the potential error sources for CH4 emission are defined.
AOD and surface property are quite reasonable factor to estimate the CH4 amounts
from satellite sensor in general. However, some CH4 emission is simultaneouly emitted

the water vapor plume. Water vapor absorption also may affect the CH4 retrieval quality.

You are correct. Water vapor absorption can also affect CH4 retrieval quality. For this

reason, we have specifically added in the following terms:

In this manuscript, we analyzed the effects of aerosols and surface albedo on methane
retrieval, and emphasized that “these factors alone cannot explain the total uncertainty
in the manuscript which may be influenced by other parameters, such as cloud, sensor,
water vapor absorption, carbon monoxide, and waveband resolution issues, etc.” in
L316.



