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Two approaches to constrain NH3 emissions from satellite observations
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Both methods perform well if the real world grids are 2°×2.5°
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IFDMB requires 3-4 times less computational cost
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NME=
∑ |y−x|

∑ x

Pseudo observations of 
April 17-30 for inversion 
(April 1-16 for spin-up)

NEI+CAC

Total bias: ∑ (y−x)

GEIA

Inversion errors stand out for IFDMB @ 0.25°×0.3125°
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Stronger non-local emission contribution to columnar NH3 (“smearing 
effect”) at finer resolution
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Initial IFDMB Inversion @ 2°×2.5° accelerates 4D-Var @0.25°×0.3125°
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Conclusion

• IFDMB approach requires 3-4 times less computational costs than 4D-Var 

and performs competitively at 2˚ × 2.5˚.

• Strong non-local smearing at 0.25˚ × 0.3125˚ resolution (finer than the 

“smearing length”) weakens the performance of IFDMB relative to 4D-Var. 

• Prior IFDMB inversions at 2°×2.5° could refine the a priori emissions to 

accelerate the 4D-Var at 0.25°×0.3125°.

More details: 
Li et al. (2019), J. Geophys. Res. 
Atmos., doi:10.1029/2018JD030183

Thank you!



Introducing errors in observations indicate similar findings 

Errors: 35%*Ω(NH3) or at least 5 × 1015 molecules/cm2
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Less “localization” of Δy-Δx relationship @ 0.25°×0.3125°

Iteration 
(spatial correlation)
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A comparison of finite difference mass balance and 4D-Var inversion 
methods for NH3 emission from CrIS retrievals
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Large uncertainties in (agricultural) NH3 emissions estimates

(Paulot et al., 2014)
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Two approaches to constrain NH3 emissions from satellite observations
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Stronger non-local emission contribution to columnar NH3 (“smearing 
effect”) at finer resolution
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Original a priori
Updated a priori (from 

IFDMB @2°×2.5°)

Initial IFDMB Inversion @ 2°×2.5° accelerates 4D-Var @0.25°×0.3125°
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