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TROPOMI provides daily, global retrievals of atmospheric
methane columns
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An Inversion uses atmospheric observations to improve
constraints on emissions

modeled observations (Kx, + c)

emissions estimate (xa, Sa) “

forward model

improved emissions estimate (&, S)
* 1mproved emission estimate

% = x4 + SKTSg (y — (Kxa + ©))
* 1mproved error estimate

S (532 + KTS1K) minimize cost function

1. variational

 1nformation content

A=1-5S;1

2. analytical



minimization method:

variational

analytical

characterizes posterior error
and information content
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finds frue minimum of
shallow cost function
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sensifivity tests require no
significant additional
computational cost
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The computational cost of an analytical inversion is limited by
resolution because of the construction of the Jacobian matrix

emissions estimafte modeled observations
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We can decrease the computational cost by optimally
reducing the dimension or rank of the emission space

Native resolution
dlmen5|on n, rank > k
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The Jacobian matrix is initialized by assuming that observations
are most sensitive to local emissions

Natlve resolutlon Jacobian matrix K. 759
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This estimate reproduces native-resolution information content
because both depend on prior errors and observation density

Initial estimate averaging Prlor error standard deviation
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The resulting Jacobian matrix reproduces the inverse results
obtained at native resolution at 4 of the computational cost

Native resolution Reduced rank

216 DOFS (0.10/cell) 155 DOFS (0.07/cell)
2099 model simulations 538 model simulations
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We are using the reduced-rank method in an inversion of 2019
TROPOMI observations at 0.25° x 0.3125° over North America
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