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1 Main remarks

This is a well written paper. Nonetheless, there does not seem to be so much added
value compared to previous publications on this topic. However, this is a nice illustration
of this difficult set of ideas (reduction of the control space) and, which, to me, is very
welcome and useful. Among possible improvements, I would list:
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• Although it is rather fair as it is, the bibliography and references should be given
more attention, be more complete and ultimately improved. Several key refer-
ences that predate those cited in the manuscript, should be mentioned first.

• A couple of algorithms (in a proper algorithmic environment – typically a pseudo-
code) could be provided for both methods described in the manuscript.

• Because this work’s objective is the improvement in efficiency and to decrease
the inversion’s computational cost, the use of parallelism and modern computer
architecture should be discussed.

Overall, I believe the manuscript only requires minor revisions but that they should be
very carefully addressed.

2 Suggestions and typos:

1. l.14: "be orders of magnitude lower than its coverage suggests": Although I fully
agree with the authors, the phrasing seems a bit excessive.

2. l.42: "The solution is generally obtained by minimizing a Bayesian cost func-
tion...": Rigorously speaking, there is no such thing as a "Bayesian cost function";
I would suggest: "The solution is generally obtained in a Bayesian framework by
minimizing a cost function..." for instance.

3. l.46: "Methods of estimating the error exist (Bousserez and Henze, 2018;
Evensen, 2009), but these approaches are computationally expensive, incom-
plete, and rarely applied in practice.": there are many earlier papers dealing with
errors, including posterior errors, with objective estimation. For instance, among
our own contributions: Koohkan and Bocquet (2012); Koohkan et al. (2013).
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4. l.81-82: "Bocquet et al. (2011) defined a method to find the optimal multiscale
grid from an array of all allowable grids, but this requires a large computational
investment.": ok, agreed, but solutions had been proposed (and tested with suc-
cess!) in the companion paper (Bocquet and Wu, 2011), see for instance Section
3.

5. l.84-87: "were subjective and did not consider the information content of the for-
ward model or the observations. Reduced-rank methods (Bousserez and Henze,
2018; Spantini et al., 2015) generate an approximation of the posterior solution
at the original dimension n by solving the inversion in the directions of highest
information content. Spantini et al. (2015) assumed knowledge of the Jacobian
matrix.": Absolutely but so does Bocquet et al. (2011), albeit in the physical space
rather in a spectral space.

6. l.78-89: There are other key papers in reduction methods applied to source in-
verse modelling in atmospheric chemistry that should be mentioned. Those are
based on reversible-jump MCMCs. I can think of Lunt et al. (2016); Liu et al.
(2017).

7. l.91: "that minimize" −→ "that minimizes"

8. The introduction is concise but very well written. However, the references chosen
in the introduction mostly refer to the authors’ works. I am fine with additionally
citing your own papers and recent/fresh contributions to the field, but you should
at least cite the seminal or key papers for each main idea. For instance: l. 44-
45: "This minimum is typically found using a numerical (variational) method, often
employing the adjoint of the CTM to compute the cost function gradient (Henze et
al., 2007)." : Citing Henze et al. (2007) is fine assuming you do not forget typically
earlier works such as Elbern and Schmidt (2001); Quélo et al. (2005) and studies
by Greg Carmichael et al.
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9. l.101: "of Jacobian matrix construction." −→ "of the Jacobian matrix construc-
tion."

10. l.107: the notation (A lower index) for the prior is very confusing, since in the
literature it very often points to the Analysis, i.e. the posterior. I understand
that this is the one used by Clive Rodgers (Rodgers, 2000) or in the 1D retrieval
community, but this is not the one used by the large majority. Moreover, it is also
conflicting with the dedicated notation A for the averaging kernel (which does not
refer to the prior but to the posterior). I would strongly suggest to change notation
to make the manuscript easier and less confusing to read.

11. l.116: Same issue with K which is universally used as the Kalman gain matrix
(Kalman, 1960), including in the geophysical inverse problems and data assimi-
lation literature.

12. l.120; Equations (2, 3): you forgot the punctuation of the equations. Please check
the whole manuscript and its equations.

13. l.172-175: "We will refer to the rate at which the information content accumulates
as the number of eigenvectors increases as the information content spectrum.":
More simply put, the spectrum is the ordered list of the eigenvalues.

14. l.229-231: I understood the point on clustering. Yet, it seems a bit vague to me.
You could be more specific.

15. l.240-242: Again, this passage is not so clear and could be improved, although I
guess I roughly understood.

16. Sections 2.4 and 2.5: I believe you could/should add a pseudo-code to each
algorithm. The text is rather (though not entirely) clear and adding an algorithm
would really help/reassure the reader. Obviously, these are the key sections of
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the manuscript, so that it’s worth investing time and (manuscript) space in such
algorithms.

17. l.261: This was first proposed and proven in Bocquet et al. (2011), section 2.4.

18. l.337-344: The results for the reduced-dimension solution are somehow under-
whelming; the resulting DOFS are quite low. Do you have a explanation for this?
Or did I miss something?

19. You did not discuss at all the impact of time as you considered a static mesh for
the emission. Can you discuss briefly the approximation that such assumption
entails?

20. You did not discuss the patterns provided by the eigenvectors (main modes of the
DOFS). Is it worth discussing this point?

21. l.425-426: You might want to have a look at solutions proposed in the meteoro-
logical data assimilation community to efficiently compute the Jacobian in high
dimension, for instance Frolov et al. (2018).

22. I believe you should discuss parallelism of your algorithms and codes. Your paper
is targeted at more efficient techniques – which will also depend on how well you
are able to exploit parallelism. Please add a thorough discussion on the subject.
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