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This technical note presents extensions to Bruhwiler et al. (ACP, 2005) and Micha-
lak (ACP, 2008), who presented Bayesian and Geostatistical versions of the Kalman
smoother, respectively, together with terms that map the covariance between online
and offline state variables. This technical note presents (1) a different version (eqn.
8) of the covariance propagation equations in Bruhwiler et al. (their eqn. 25), (2) the
equivalent equations for the ensemble square root Kalman smoother, and the sigma-
point square root central difference Kalman smoother, and (3) an implementation of an
interval constraint (for the KS) and transform (for the ESRKS and SRCDKS) approach
for constraining state variable values to within a desired range.
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I have several major concerns with this technical note, which make it not publishable in
its current form.

Most importantly, the presented application is left to the last few pages of the
manuscript, is not described in detail, and the benefits / advantages of the proposed
methodological improvements are not clearly demonstrated.

- The details of the inversion are not presented, and the sensitivity of the impact of the
methodological modifications to these inversion set up choices are neither investigated
nor discussed. Would the methods that perform “better” or “worse” remain the same if
the inversion setup was changed slightly?

- As the authors acknowledge, all of the examined methods (KS, ESRKS, SRCDKS)
are approximations to the “batch” inversion. Given that the problem examined here
is quite small (18 observations and 211 unknowns per month, p. 19233 line 2), the
appropriate comparison is not between the three methods, or between these methods
and the “true” fluxes, but between the methods and the best possible solution to the
inverse problem (i.e. the batch solution).

- Incorrect metrics are used to evaluate the approach. The comparisons between
the methods are presented in terms of their RMSE and R2 relative to the true fluxes,
whereas Bruhwiler et al. (2005) showed that the main advantage of the tracking the
covariance between online and offline elements of the state vector was in improving
the estimates of the a posteriori uncertainties, in terms of making them more closely
aligned relative to the batch inversion.

The technical note is quite long, and could be shortened substantially. For example,
the detail in the presented derivations is likely unnecessary, and the detail used in
describing the standard versions of the three approaches could be reduced.

The flow of the technical note should be improved to make its relevance to a broader
audience clear. The authors jump from a relatively short introduction to a set of detailed
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derivation, without clearly presenting the problem that they are trying to solve. In other
words, why are existing approaches for estimating CH4 fluxes unsatisfactory? How will
the proposed work improve on this status quo? What practical difference to the flux
estimates is sought / expected?

The authors present an alternative version of the posterior covariance equation of Bruh-
wiler et al. (2005), which is indeed equivalent, as the authors acknowledge. This does
not seem, in and of itself, to be a significant innovation. However, the authors also
claim that their version is more general (p. 19221 line 22), but this is not discussed or
demonstrated (how can it be more general if it is equivalent?)

Overall, the main contribution of the technical note is arguably in the extension of the
work of Bruhwiler et al. (2005) to the ESRKS and SRCDKS. If this is indeed the case,
then the note should be rewritten with this purpose clearly at the forefront, and with the
application demonstrating the advantages of the modified expressions for the a poste-
riori covariance, when evaluated against a batch inversion. In addition, the relevance
of the presented work to the inverse modeling community as a whole would need to be
more convincingly demonstrated.
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