
Authors’ Response to Reviews of

NMVOC emission optimization in China through assimilating
formaldehyde retrievals from multiple satellite products
Canjie Xu1, Jianbing Jin*1, Ke Li1, Yinfei Qi2, Ji Xia1, Hai Xiang Lin3,4, Hong Liao1

Atmospheric Chemistry and Physics, 10.5194/egusphere-2025-140

RC: Reviewers’ Comment, AR: Authors’ Response, �Manuscript Text

1. Overview

Response to Referee 1: We would like to thank the referee for the careful review throughout the paper and
the in-depth comments, especially for the way we processed the formaldehyde column observations which
was improper. We accepted all of the referee’s suggestion for using the satellite formaldehyde retrievals.
The posterior results now also differ from the previous results significantly. Because there are too many
modifications throughout the manuscript, we did not highlight all of them.

2. Major concerns

RC: 1) Clarity and Consistency in Satellite Usage (Major) The manuscript lacks consistency in describing
which satellite datasets are assimilated and which are used for validation. The abstract suggests that only
OMPS is used for assimilation and TROPOMI is used as an independent validation dataset. However, the
methods section refers to assimilation experiments involving OMPS, TROPOMI, and their combination.
Furthermore, Eq. (3) implies the use of a single observational constraint. If the combination refers to
an average of OMPS and TROPOMI data, this should be clearly stated and methodologically justified.
Averaging observations reduces variance and effectively increases their weight in the cost function-this is
not equivalent to joint multi-satellite assimilation. This distinction must be clarified and its implications
explicitly discussed.

AR: We express our gratitude to the reviewer for highlighting the inconsistency in our description of the satellite
datasets used for assimilation and validation. We acknowledge that the "OMPS+TROPOMI combined
assimilation" approach in the original submission was inadequately described and methodologically flawed.
As the reviewer accurately pointed out, simply averaging OMPS and TROPOMI retrievals does not constitute
true multi-satellite joint assimilation, as it artificially reduces observational variance and disproportionately
weights the cost function without properly accounting for observational errors. In the revised manuscript,
we have removed the combined assimilation experiment entirely, focusing solely on the OMPS-only and
TROPOMI-only assimilation experiments. We have ensured consistent descriptions throughout the Abstract,
Methods, and Results sections to eliminate ambiguity. Additionally, we have introduced a consistency analysis
in the Results section to highlight the benefit of using the TROPOMI-based and OMPS-based assimilation
results, and details could be found in our revised manuscript.

Text in manuscript
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Abstract.

...

:::::::
Monthly

::::::::
NMVOC

:::::::::
emissions

::::
over

:::::
China

::
in

:::::
2020

:::
are

::::
then

:::::::::
optimized

:::
by

::::::::::::
independently

::::::::::
assimilating

:::::::::::
formaldehyde

::::::::
retrievals

:::::
either

::::
from

::::::
OMPS

::
or

::::
from

::::::::::
TROPOMI,

:::::
using

:
a self-developed 4DEnVar-based

system. A positive increment of NMVOC emissions was obtained by assimilating OMPS formaldehyde
, with annual anthropogenic emissions rising from 22.40 to 41.32 Tg, biogenic emissions increasing
from 16.56 to 28.01 Tg, and biomass burning emissions rising from 0.29 to 0.65 Tg. Our model
simulations, driven by the posterior inventories, demonstrate superior performance compared to the
prior. This is validated through comparisons against the independent satellite measurements and the
surface ozone measurements. The RMSE of the posterior formaldehyde columns decreased from
0.49 to 0.45 �1016 molec/cm2 nationwide. In the severe-polluted NCP, it was improved effectively,
reaching levels comparable to TROPOMI

:::::::
4DEnVar

::::::::::
assimilation

::::::::
emission

::::::::
inversion

::::::
system.

...

1 Introduction

...

NMVOCs compared to OMI retrievals
:::::::
emission

:::::::::::
optimization

::
at

:::
the

:::::::
national

::::
scale. Subsequently, the

monthly NMVOC emission optimization in China is conducted. This is achieved by
:::::::::::
independently

assimilating formaldehyde observations from OMPS and
:::::
either

:::::
from

::::::
OMPS

::
or

:::::
from

:
TROPOMI,

based on the emission inversion system that couples the four-dimensional ensemble variational
(4DEnVar) data assimilation algorithm and GEOS-Chem model. The effectiveness of this emis-
sion inversion system has been evaluated in our recent study (Jin et al., 2023; Xia et al., 2025).

::::::
studies

::::::::::::::::::::::::::
(Jin et al., 2023; Xia et al., 2025)

:
.
::
In

:::
this

::::::
study,

::
we

:::::
focus

:::
on

::
the

::::
year

:::::
2020

::
for

:::
the

:::::
main

:::::::
analysis,

:::::
while

:::::
results

:::
for

::::
2019

:::
are

::::
also

::::::::
presented

::
in

:::
the

::::::::::::
Supplementary

::::::::::
Information

::
to

:::::::
provide

::::::::
additional

:::::::
context

:::
and

:::::::
support.

:

RC: 2) Lack of Bias Correction for Satellite Data (Major) The study does not apply bias correction across
satellite datasets, which is a critical omission. HCHO retrievals from OMPS and TROPOMI differ due
to varying retrieval algorithms, cloud screening, and a priori assumptions. These systematic differences
must be addressed before assimilation. Previous studies (e.g., Zhu et al., 2020; Müller et al., 2024) have
shown the importance of bias correction using independent datasets such as aircraft or FTIR observations.
At minimum, the authors should:

• Justify the omission of bias correction

• Discuss associated uncertainties

• Provide quantitative comparisons between satellite datasets prior to assimilation (with figures in the
main text)

• Display and discuss the observation uncertainties used in the assimilation

AR: We sincerely thank the reviewer for their valuable feedback on bias correction. In the revised manuscript, we
have incorporated the following additions and clarifications:
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Lack of independent observations for satellite data bias correction: Due to the unavailability of temporally
coincident independent measurements (e.g., aircraft or FTIR data) over China in 2020, rigorous cross-
satellite bias correction could not be performed. This limitation, as well as our mitigation approach, is now
clearly acknowledged and discussed in the manuscript. To improve the comparability between OMPS and
TROPOMI, we apply vertical profile corrections before the assimilation, including averaging kernel (AVK)
adjustments for TROPOMI and air mass factor (AMF) recalculations for OMPS. In the assimilation, OMPS
retrievals are used as total columns as provided by the product, while TROPOMI retrievals are assimilated as
tropospheric columns. We did not construct total columns from TROPOMI, since doing so would introduce
additional uncertainties. This choice does not affect comparability, because the model provides full vertical
concentration profiles that can be integrated to both total and tropospheric columns, and formaldehyde is
primarily distributed below the tropopause. These treatments make the assimilation more reliable.

Uncertainty discussion: We have expanded the Methods and Discussion sections to address observational
uncertainties and their potential impacts on the assimilation results. Inter-satellite comparison: Prior to
assimilation, we conducted a quantitative comparison of OMPS and TROPOMI retrievals, highlighting their
differences relative to the prior. Both spatial and statistical comparisons are now included in the main text.

Presentation of observational uncertainties: Remarks concerning vertical profiles of observational uncertainties
are now presented in the manuscript, with the Figures illustrating their spatial distributions provided in the
Supplementary Material.

Text Lack of independent observations for satellite data bias correction in manuscript

2.3.1 NOAA-20 OMPS

...

::::::::::::
Formaldehyde

::::::
vertical

::::::
column

::::::::
densities

::::::
(VCDs)

::::::::
retrieved

::::
from

:::::::
satellite

::::::::::
observations

:::
are

::::::
derived

:::::
using

::
air

:::::
mass

::::::
factors

:::::::
(AMF),

::::::
which

:::::::
strongly

:::::::
depend

:::
on

:::
the

::
a

:::::
priori

:::::::
vertical

::::::
profiles

:::
of

::::::::::::
formaldehyde.

:::::
Direct

:::::::::::
comparisons

:::::::
between

:::::::
satellite

::::::::
products

:::
and

::::::
model

::::::::::
simulations

::::
may

:::
be

:::::
biased

::
if

:::
the

::
a

:::::
priori

::::::
profiles

::::
used

::
in

:::
the

:::::::
retrieval

:::::
differ

::::
from

:::
the

::::::::
simulated

:::::
ones.

::
To

::::::
ensure

::::::::::
consistency

:::::::
between

::
the

:::::::
satellite

::::::::::
observations

::::
and

:::::::::::
GEOS-Chem

:::::::::
simulation,

:::
we

:::::::
applied

::
an

:::::
AMF

:::::::::
correction

::
by

:::::::::::
recalculating

:::
the

:::::
AMF

::::
with

:::::::::::::
model-simulated

:::::::
profiles

::::::::
following

:::
the

:::::::
method

::::
used

::
in

::::::::::::::::
Palmer et al. (2001)

:
:

AMF =

Z 0

ps

w (p)S (p) dp

::::::::::::::::::::::

(1)

...

:::
The

:::::::::
processed

::::::
OMPS

:::::::
satellite

::::::::::
observations

:::::
were

::::::::
ultimately

::::::::::
assimilated

::
as

:::::
total

:::::::
columns,

::::::
which

:::
are

::::::::
presented

::
in

:::::
Figure

::
1

:::::::
(c.1-c.4).

...

2.3.2 Sentinel-5P TROPOMI

...

::::::
Beyond

:::
the

::::::::::::
recommended

::::::
quality

::::::::
screening,

:
a
::::
key

:::::::::::
consideration

:::::
when

:::::::::
comparing

:::::::::
TROPOMI

:::::::::::
formaldehyde

3



Figure 1.
::::::
Spatial

:::::::::::
distributions

:::
of

::::::::::::
formaldehyde

::::::::
columns

:::::
from

::::::::::::
GEOS-Chem

::::::::::::::
model-simulated

:::::
prior

::::::::::
tropospheric

:::::::
columns

:::
(a)

:::
and

::::::::
posterior

::::::::::
tropospheric

:::::::
columns

::::::::::
constrained

::
by

::::::
OMPS

::::::::::
assimilation

:::
(b),

:::::::
satellite

::::::::::
observations

::
of

::::::
OMPS

::::
total

::::::::
columns

:::
(c),

:::
and

:::::::
satellite

:::::::::::
observations

::
of

:::::::::
TROPOMI

:::::::::::
tropospheric

:::::::
columns

:::
(d)

::
in

:::::::
February

::::::::
(a.1-d.1),

::::
May

::::::::
(a.2-d.2),

::::::
August

::::::::
(a.3-d.3),

::::
and

:::::::::
November

:::::::
(a.4-d.4)

::
of

:::::
2020.

:
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Figure 2.
::::::
Spatial

::::::::::
distributions

::
of

:::
the

::::::::::::
formaldehyde

::::
total

:::::::
columns

:::::
from

:::::::::::
GEOS-Chem

::::::::::::::
model-simulated

::::
prior

::::
(a,c)

:::
and

::::::::
posterior

::::
(b,d)

::::::
results

::
in

::::::::
February

::::::::
(a.1-d.1),

::::
May

::::::::
(a.2-d.2),

:::::::
August

::::::::
(a.3-d.3),

:::::::::
November

:::::::
(a.4-d.4)

::
for

::::::::::
2020/2019.

:
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:::::::
retrievals

::::
with

::::::
model

::::::
outputs

::
is

:::
the

::::::::::
dependence

:::
on

::
the

::::::::
assumed

:
a
:::::
priori

:::::::
vertical

::::::
profile.

:::::::::::
Traditionally,

::::::
studies

::::
have

:::::
relied

:::
on

::::::::::
AMF-based

::::::::::
corrections,

:::
in

:::::
which

:::::
AMF

::
is

:::::::::::
recalculated

:::::
using

::::::::::::
model-derived

::::::
profiles

::
to

::::::
reduce

::::
such

:::::::::::
discrepancies

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(Palmer et al., 2001; Boersma et al., 2004; Zhu et al., 2016; Cooper et al., 2020)

:
.

:::::
More

::::::::
recently,

:::
the

:::::::::
availability

:::
of

::::::::
averaging

::::::
kernel

::::::
(AVK)

::::::::::
information

::
in

::::
the

:::::::::
TROPOMI

:::::::
product

:::
has

:::::::
allowed

::
a

::::
more

:::::::::
consistent

::::::::::
comparison

:::
by

::::::::::
accounting

:::
for

:::
the

:::::::
impact

::
of

:::
the

::::::::
assumed

:::::::
vertical

:::::
profile

:::::
shape

:::
in

:::
the

:::::::
retrieval,

:::::::::
following

:::
the

::::::::
approach

:::::::::
introduced

::
in

:::
the

:::::
IASI

::::
NH3:::::::

version
:
4

:::::::
product

::::::::::::::::::::::::::::::
(Clarisse et al., 2023; Xia et al., 2025)

:
.
::
In

::::
this

:::::
study,

:::
we

:::::
apply

::::::::::
AVK-based

:::::::::
correction

:::
for

:::::::::
TROPOMI

:::::::::::
formaldehyde

:::
by

:::::::::
projecting

:::
the

:::::
model

:::::::
profiles

::::
onto

::::
the

::::::
satellite

::::::::
pressure

::::
grid,

:::::::
thereby

::::::::
achieving

::
a

::::
more

::::::::::
harmonized

::::::::::
comparison

::::
with

:::::::::::
GEOS-Chem

::::::::::
simulations.

::::
The

::::::::
corrected

::::::
column

::
is

:::::::::
calculated

::
as:

:

X̂m =
X̂a �BP
pA

a
pmp

+B

:::::::::::::::::::

(2)

...

:::
The

:::::::::
processed

:::::::::
TROPOMI

::::::::
retrievals

:::::
were

:::::::::
assimilated

:::
as

::::::::::
tropospheric

::::::::
columns,

::::::
which

:::
are

::::::::
presented

::
in

:::::
Figure

::
1

::::::::
(d.1-d.4),

::::
with

::::
their

:::::::
vertical

:::::
shape

::::::
profiles

::::::
shown

::
in

::::::
Figure

::
3

:::::
(green

::::
line)

:::
to

:::::::
illustrate

:::
the

:::::::::
normalized

::::::::::
contribution

::
of

:::::
each

:::::::
pressure

::::
layer

::
to

:::
the

:::::::::::
tropospheric

:::::::
columns.

::::
We

:::::::
adopted

::::::::::
tropospheric

:::::
rather

::::
than

::::
total

::::::::
columns

:::::::
because

:::
the

::::::::
retrieval

:::::::
product

:::::
itself

:::::::
provides

:::::::::::
tropospheric

::::::::
columns,

::::
and

::::::::::
recalculating

::::
total

::::::::
columns

:::::
would

::::::::
introduce

:::::::::
substantial

:::::::::::
uncertainties.

...

2.3.3 Aura OMI

:::
The

::::
OMI

:::::::::::
observations

:::
are

::::
then

:::::::::
aggregated

::
to

:::::::
monthly

::::::
means

::
on

::
a

:::
0.5°

:::
�

:::::
0.625°

:::::
grid,

::::::::
consistent

::::
with

::
the

::::::::::::
GEOS-Chem

:::::
model

:::::::::
resolution.

:::
To

::::::
ensure

::::::::
sufficient

::::::::
sampling

:::
per

::::
grid

::::
cell,

:::
we

::::
also

::::::
applied

::::
two

::::::
filtering

::::::::
schemes

:::::
based

:::
on

:::
the

:::::::
number

::
of

:::::::::::
observations,

:::::::::
excluding

::::
grid

::::
cells

:::::
with

:::::
fewer

::::
than

:::
10

::
or

:::::
fewer

::::
than

::
50

:::::
valid

::::::
pixels.

::::::
Unlike

::::::
OMPS

::::
and

::::::::::
TROPOMI,

::::::::
however,

::::
OMI

::::::
shows

:
a
::::::
strong

::::::::
reduction

::
in

:::
data

::::::::
coverage

:::::
under

:::::
these

:::::::::
constraints,

::::
and

:::
the

::::::
product

::::::::
becomes

:::::
sparse

:::::
after

:::::::
applying

:::
the

::::::::
threshold

::
of

::
50

:::::::::::
observations.

:::::
This

::::::::
indicates

:::
that

:::::
OMI

::::::
suffers

:::::
from

:::::::::
insufficient

::::::::
sampling

:::::::
density

::
in

:::::
China

:::
for

::::::::::::
high-resolution

:::::::::::
assimilation.

:::::
The

::::::
vertical

::::::
profile

:::::::::
correction

:::
of

::::
OMI

::::::::::::
formaldehyde

::::
was

:::::::::
conducted

::::
using

:::
the

:::::
same

::::::::
approach

::
as

:::::::
applied

::
to

:::::::
OMPS,

::
by

:::::::::::
recalculating

:::::
AMF

::::
with

::::::::::::::
model-simulated

:::::::
vertical

::::::
profiles.

...

4 Summary and conclusion

...

:::::
Future

::::::
efforts

:::::
should

:::::::
reassess

::::::::::
assimilation

:::::::::::
performance

::::
with

::::::
updated

::::::::
emission

:::::::::
inventories

:::
and

::::::::::
incorporate

::::::::::::
source-specific

:::::::::::
uncertainties,

::::::::
assigning

:::::::
different

:::::::::::
uncertainties

::
to

::::::::::::
anthropogenic,

::::::::
biogenic,

:::
and

:::::::
biomass

::::::
burning

:::::::
sectors,

::
in

::::
order

::
to

:::::
better

::::::::
constrain

::::
their

::::::::
respective

:::::::::
emissions.

:::::::::
Moreover,

:::::::
because

::
no

::::::::::
independent

::::::::
validation

::::
data

:::::
such

::
as

:::::::
aircraft

::
or

:::::
FTIR

::::::::::::
measurements

:::::
were

::::::::
available

::::
over

::::::
China

::
in

:::::
2020,

::::::
future

::::::
studies

::::
could

::::::
further

:::::::
evaluate

:::
the

::::::::::
assimilation

::::::
results

::::
once

::::
such

:::::::::::
observational

:::::::
datasets

::::::
become

:::::::::
accessible.

Text Uncertainty discussion and Presentation of observational uncertainties in manuscript
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