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Why is methane vertical structure important?
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Questions:
1. Whatis the “real” vertical structure of CH, over ASM?

AirCore observed profiles with high vertical resolution
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AirCore device measuring multi-tracer profiles with high-resolution
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Inside AMA
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Questions:
1. What is the “real” vertical structure of methane in AMA?

» AirCore: multi-layer structure; remarkable enhancement reach 17km (~120hPa) at AMA
northern edge

2. How well can the model represent the vertical structure?

® CTM simulation with “good” surface emission



Package for Observation System Simulation Experiments (PyOSSE)

Priori methane fluxes:
nature emission include wetland + rice paddies
anthropogenic emissions EDGAR v4.32

Observations for assimilation:
GOSAT XCH4 : XCOZ2 retrievals +
In situ surface-base observation

CTM:
Geos-Chem driven by Merra-2 reanalysis
2°%X2.5°

Patra et al, JGR, 2021 (OH)

Ref: Feng et al., 2022, ACP; Feng et al., 2022, NC
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Observational and model assimilation data exhibit

good agreement (<1%) in the boundary layer

Between 500-200hPa, although the errors
Increase, systematic bias is not significant

In the 200-100hPa (upper troposphere)
within the AMA, the model data notably
underestimates methane (2%-4%).

outside the AMA, the model data close to the
observations.

In the 100-60hPa (lower stratosphere)

the model data exhibits a underestimation of
methane (~2% inside AMA,; >2% outside AMA).



Simulated methane at nearest grid point eqge }nfide 12019
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Questions:
1. What is the “real” vertical structure of methane in AMA?

» AirCore: multi-layer structure; remarkable enhancement reach 17km (~120hPa) at AMA
northern edge

2. How well can the model represent the vertical structure?

» General high CH, structure can be captured. The representation of layer-structure &
enhancement strength is insufficient.

3. Why is methane high over AMA? AMA transport?



High methane at AMA: monsoon transport or emission increase?
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Why higher methane in UT are found for the year 2020 with lower surface emission compared to 2019?
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Model boundary layer CH; VMR Tendency in Aug.
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Questions:
1. What is the “real” vertical structure of methane in AMA?

» AirCore: multi-layer structure; remarkable enhancement reach 17km (~120hPa)
2. How well can the model represent the vertical structure?

» General high CH, structure can be captured. The representation of layer-structure &
enhancement strength is insufficient.

3. Why is methane high over AMA? AMA transport?
» Short answer: very localized emission increase +AMA transport (convective uplift + circulation);

more sensitivity study for quantification---
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Additional effect:
More rainfall in SA during TP mode
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Remarks so far:

1. What is the vertical structure of methane in AMA?

» AirCore: multi-layer structure; remarkable enhancement reach 17km (~120hPa) at AMA
northern edge

2. How well can the model represent the vertical structure?

» General enhanced CH, structure can be captured. The representation of layer-structure
& enhancement strength is insufficient.

3. Why is methane high over AMA? AMA transport?
»> Short answer: very localized emission increase + AMA transport;

Methane is a nice tracer for completing transport pathway seen by other tracers (like CO),
in particular for the monsoon decay and post-monsoon period.

/dea to explore more:

Iinverse modeling with 0.3%0.3 ERA-5 data with same surface emission (Lagrangian &
Eulerian comparison), better representation of small-scale eddies and filaments?
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