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Figure S1. The optimisation of o and « for the MAN observation.
a = 0.3 and v = 1.0 is applied in this study.

Table S1. Optimised regularisation parameters () for satellite
data assimilation by month and observation configuration. Values
were determined through Ja ~ n. Smaller values indicate stronger
regularisation, applied in months with larger observation counts or
higher retrieval uncertainty. For in situ observations, v = 1.0 is used

throughout.

Month CrlS-only IASI-only  CrIS+IASI
January 0.4 0.3 0.2
February 0.1 0.1 0.4
March 0.01 0.1 0.4
April 0.01 0.05 0.1
May 0.01 0.1 0.01
June 0.01 0.1 0.02
July 0.01 0.05 0.05
August 0.01 0.05 0.02
September | 0.01 0.05 0.1
October 0.1 0.1 0.4
November | 0.5 0.3 0.3
December | 0.3 0.3 0.2
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Figure S2. Monthly posterior emission scaling factors for 2022 from the uniform 40% emission reduction experiment using MAN
observations only. The white dots indicate MAN station locations. Blue colors indicate emission reductions (scaling factors <1.0), with
the target value of 0.6 shown by the colorbar.
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Figure S3. Monthly posterior emission scaling factors for 2022 from the multi-perturbation experiment using MAN observations only. The
target spatial pattern is shown in the article, with regional perturbations ranging from 0.6 (emission reductions) to 1.4 (emission increases).
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Figure S4. Monthly posterior emission scaling factors for 2022 from the uniform 40% emission reduction experiment using synthetic CrIS
satellite observations only. Blue colors indicate emission reductions (scaling factors < 1.0), with the target value of 0.6 shown by the colorbar.
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Figure S5. Monthly posterior emission scaling factors for 2022 from the multi-perturbation experiment using synthetic CrIS satellite
observations only. The target spatial pattern is shown in the article, with regional perturbations ranging from 0.6 (emission reductions)
to 1.4 (emission increases).
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Figure S6. Monthly posterior emission scaling factors for 2022 from the uniform 40% emission reduction experiment using synthetic TASI
satellite observations only. Blue colors indicate emission reductions (scaling factors <1.0), with the target value of 0.6 shown by the colorbar.
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Figure S7. Monthly posterior emission scaling factors for 2022 from the multi-perturbation experiment using synthetic IASI satellite
observations only. The target spatial pattern is shown in the article, with regional perturbations ranging from 0.6 (emission reductions)
to 1.4 (emission increases).
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Figure S8. Monthly posterior emission scaling factors for 2022 from the uniform 40% emission reduction experiment using in situ
observations (MAN+LML). The white dots indicate in situ station locations. Blue colors indicate emission reductions (scaling factors <1.0),
with the target value of 0.6 shown by the colorbar.
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Figure S9. Monthly posterior emission scaling factors for 2022 from the multi-perturbation experiment using combined in situ measurements
(MAN+LML). The white dots indicate in situ station locations. The target spatial pattern is shown in Fig. ??, with regional perturbations
ranging from 0.6 (emission reductions) to 1.4 (emission increases). [it would be helpful to have Fig 2 close to this Figure. That makes
comparison moer easy.]
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Figure S10. Monthly posterior emission scaling factors for 2022 from the uniform 40% emission reduction experiment using combined CrIS
and TASI satellite observations. Blue colors indicate emission reductions (scaling factors <1.0), with the target value of 0.6 shown by the
colorbar.
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Figure S11. Monthly posterior emission scaling factors for 2022 from the multi-perturbation experiment using combined CrIS and TASI
satellite observations. The target spatial pattern is shown in Fig. ??, with regional perturbations ranging from 0.6 (emission reductions) to
1.4 (emission increases).
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Figure S12. Monthly posterior emission scaling factors for 2022 from the uniform 40% emission reduction experiment using combined in
situ (MAN+LML) and satellite (CrIS +IASI) observations. Blue colors indicate emission reductions (scaling factors <1.0), with the target
value of 0.6 shown by the colorbar.
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Figure S13. Monthly posterior emission scaling factors for 2022 from the multi-perturbation experiment using combined insitu (MAN+LML)
and satellite (CrIS +IASI) observations. The target spatial pattern is shown in Fig. ??, with regional perturbations ranging from 0.6 (emission
reductions) to 1.4 (emission increases).
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Figure S14. Monthly posterior surface concentrations for 2022 from the multi-perturbation experiment using MAN observations only. The

target spatial pattern of the prior emission is shown in the article.
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Figure S15. The scatterplot comparison of monthly posterior for 2022 from the multi-perturbation experiment using MAN observations only.
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Figure S16. Monthly posterior emission scaling factors for 2022 using real MAN observations only.
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Figure S17. Monthly posterior emission scaling factors for 2022 using real CrIS satellite only.
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Figure S18. Monthly posterior emission scaling factors for 2022 using real IASI satellite only.
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Figure S19. Monthly posterior emission scaling factors for 2022 using in situ observations (MAN+LML).
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Figure S20. Monthly posterior emission scaling factors for 2022 using combined CrIS and IASI satellite observations.
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Figure S21. Monthly posterior emission scaling factors for 2022 using combined insitu (MAN+LML) and satellite (CrIS +IASI)
observations.
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Figure S22. Monthly posterior emission for 2022 using combined insitu (MAN+LML) and satellite (CrIS +IASI) observations.
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Figure S23. Monthly time profile of the retrieved satellite data in 2022.
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Figure S24. Scatter plot of simulated data and satellite retrievals.

25



