Response to Reviewer 1’s Comments (Round 2)


[bookmark: _GoBack]Dear Reviewer: We appreciate your comments concerning our manuscript originally entitled “Study on Retrieval and Validation of XCO2 from TanSat Target Mode Observations in Beijing” (ID: remotesensing-766502). Those comments are all valuable and proved very helpful for revising and improving our paper, as well as providing important and significant guidance for our research. We have examined your comments carefully and have made corrections that we hope will meet with your approval. The main revised portions have been marked using the “postil” function in the manuscript. In addition, numerous sentences and words have been modified based on your comments. The main corrections in the paper and the responses to your comments are detailed below.


Point 1: Line 51: The statement is implying generality, which is wrong. XCO2 retrievals can be set-up using a variety of different bands, spectral coverages etc., the current and popular “3-band” approach which also TanSat utilizes, is just one possible choice. This needs re-wording.

Response 1: We apologize for the imprecise statement concerning XCO2 retrieval bands. It has been revised to read “The XCO2 can be retrieved from different types of spectral coverage, of which three near-infrared bands (the O2 A-band at 0.76 µm and two CO2 bands at 1.61 µm and 2.06 µm) are widely utilized due to their sensitivity to variations in surface CO2.” in Section 1 (page 2, lines 54–56) of the revised manuscript.


[bookmark: _Hlk40105334]Point 2: Line 123: The authors mention auxiliary cloud screening data from “FY-4A”, many readers might not be too familiar with that meteorological satellite. There should be at least mention of what “FY-4A” is, and add references to the used data product, as well as where it is available. Also, the reader must know exactly which screening condition was used to select each scene. If a simple cloud flag from the FY-4A/CLM data product was used, that needs to be stated.

[bookmark: _Hlk48741771]Response 2: We sincerely apologize for our negligence regarding the introduction of FY-4A and the CLM. In the revised version, a relevant passage has been added in Section 2.2 (page 3, lines 125–129).


Point 3: Section 3: The authors mention the DEEI retrieval algorithm which has been, and I quote, “developed specifically for TanSat”. From what a reader can tell, the authors have coupled the SCIATRAN radiative transfer model to an optimal estimation inversion according to Rodgers. Those components alone do not make it “TanSat”-specific. If the authors made changes to the SCIATRAN package, they do not describe it.

Response 3: Based on the reviewer’s suggestion, we have clarified the introductory statement of the Methods section in Section 3 (page 5, lines 142–144). In addition, the other statement regarding the DEEI method has been modified to read “coupling the SCIATRAN model and OEM method” (page 3, lines 99–100).


Point 4: Equation 1: Again, I find this short-hand mention of radiative transfer theory omittable. The authors introduce the fundamental equation, but the following explanation falls short of being useful to anyone. There is no mention of what “optical depth” means. Even though most readers will understand, they will also understand the basic concepts of RT. I would again suggest to leave Section 3.1.1 out completely.

Response 4: We definitely agree with the reviewer’s suggestion that Section 3.1.1 should be eliminated. We have therefore removed Section 3.1.1 from the manuscript.


Point 5: Line 220: “The solution of the model is nonlinear”, that is not the case. It is the forward model that is nonlinear, rather than its solution. “[…] must be iterated to approximate the nearest result.” is also unprecise and bad wording. A nonlinear model is the reason why an iterative approach is necessary, and solutions found by iteration are generally not global minima – they can still be solutions to Equation (3).


Point 6: Line 221: “The iteration solution method contains the Gauss-Newton and/or Levenberg-Marquardt (LM) algorithm.” This is confusing wording again, solving the minimization problem can be performed in many different ways, and Gauss-Newton and Levenberg-Marquardt are two popular choices, but by no means the only ones.

[bookmark: _Hlk49506084]Responses 5 and 6: We apologize for the imprecise phrasing of that sentence. In the revised version, we have described the iteration in the first paragraph of Section 3.2 and have reworded related statements concerning inversion. We hope that these descriptions are clearer in the updated version.


[bookmark: _Hlk48743757]Point 7: Line 290: The authors write a “mean value of retrieval results”, does that include all days from March to December? It makes little sense to average those days up, as the seasonal cycle surely changes the true XCO2 by several ppm. This sentence can just be omitted since the authors list the results in Table 4, and also mention the values at different months in the next sentence.

Response 7: The reviewer is correct that averaging the XCO2 of each day’s observations is unnecessary. The mean value of all retrievals is not mentioned in the revised version.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Point 8: Line 295: The authors state that there is no “significant difference of XCO2 in downtown Beijing”, and refer to Figure 3. First, that figure is highly compressed and difficult to read in detail. The “jet-type” color map is considered “bad”, and makes the color gradient difficult to interpret. It does seem like there is a viewing angle bias, but the authors do not seem to have done that analysis. Without an analysis of viewing-angle or airmass dependencies, this is a heavily flawed analysis. Even though the authors claim “no significant difference”, there is no quantitative statement made to show this.

Response 8: We sincerely apologize for our negligence regarding the view angle analysis. Based on the comparison between TanSat observations and ground-based FTS measurements, we performed bias correction of the TanSat retrievals. The bias correction factors contain the footprint-level, airmass, and scaling bias. The details are described in Section 4.3 of the revised version.


Point 9: Section 4.2: The authors investigated how their results hold up against GOSAT and OCO-2 retrievals. This comparison is highly flawed – Beijing can be considered a very strong local-to-regional-scale emitter. As shown in Figure 5, the collocated data from GOSAT and OCO-2 are not measuring over the same area, but up to several hundred kilometers away from the FTS location. Without proper transport modelling, it is a very flawed assumption that the instruments are measuring the same airmass. The results are thus not comparable at all, unless the authors show through some atmospheric modelling (or some other technique or measurements) that the sampled airmasses are directly comparable at all. Especially due to the topography north of Beijing. The authors cite two papers to justify the +/- 5 degree box for collocation, however Reference 28 uses only +/- 1 degree for OCO-2 collocation. Reference 40 also discusses aircraft validation, and not satellite retrievals.

Response 9: It was our mistake to compare soundings that were too far away without air mass sampling. In the revised version, we set the matching box to be ±1° of latitude and longitude. In addition, we compared the bias-corrected XCO2 from TanSat retrievals with the GOSAT and OCO-2 measurements. We believe that this criterion is more reasonable and convincing.


Point 10: Section 4.3: This section is, or should be, the key section of the manuscript, but falls short of some detail. The comparison between target-mode observations and FTS measurements shows a consistent high-bias, but the authors do not seem to mention this obvious feature. Does this high-bias exist merely in target-mode observations or does it persist in e.g. nadir or glint-mode observations as well?

Response 10: We thank the reviewer for the concern. We have redesigned and rewritten Section 4. The XCO2 bias correction was added to Section 4.3, and the data were reanalysed. As for the nadir and glint mode observations, these will be the retrieval and analysis data in the next manuscript. We assume that all the observations with different modes will have the same systemic bias according to the “Data Product User’s Guide” of OCO-2 (http://disc.sci.gsfc.nasa.gov/OCO-2), although the actual conclusion will be established with the support of future research results.


Point 11: Additional comments: I am aware of the retrieval algorithm efforts by the Institute of Applied Physics / Chinese Academy of Sciences (IAP-CAS), especially done by D.X. Yang and Y. Liu and presented at various conferences – do the authors know how their DEEI algorithm performs compared to their algorithm. I am also missing comments on the operational TanSat L2 algorithm. Without a comparison like that, it is difficult to interpret whether the authors’ effort ends up with better results or not.

Response 11: We did neglect the comparison between the DEEI-retrieved XCO2 and other XCO2 data from TanSat. As the reviewer suggested, we have added this comparison in the first paragraph of Section 4.4 (page 12) in the revised version. The IAP-CAS precision was 2.11 ppm when validated against TCCON. The MAE of the DEEI-retrieved XCO2 and Beijing FTS measurements was 2.62 ppm and improved to 1.11 ppm after bias correction.


Point 12: Grammatical and spelling errors:
Title: Observation -> Observations
Line 69: simulated -> models
Line 71: physic -> physical
Line 72: The sophisticated algorithm – unclear? Does this refer to the inversion, or the forward model?
Line 79: Reuter validated Bremen […] -> Reuter et al. validated the Bremen […]
Line 81: O’Dell described […] -> O’Dell et al. described […]
Line 82: Oshchepkov performed […] -> Oshchepkov et al. performed […]
Line 83: The Total Carbon Column Observing Network -> the Total Carbon Column Observing Network
Line 85: Wunch compared […] -> Wunch et al. compared […]
Line 88: Bi validated […] -> Bi et al. validated […]
Line 89: […] Liu retrieved […] -> […] Liu et al. retrieved […]
Line 107: The measurements are acquired by Bruker […] -> The measurements are acquired by a Bruker
Line 108: […] and XCO2 retrieved by […] -> […] and XCO2 was retrieved by […]
Line 115: contemporaneous -> “co-incident” or “coincident”
Line 117: […] since stable orbiting. -> […] since stable orbit was achieved.
Line 118: […] filtered by the clear sky condition […] -> […] filtered for clouds
Line 120: […] were removed to decrease retrieved uncertainness. -> […] were removed to reduce the uncertainty in the retrieved XCO2.
Line 123: […] and there were nice footprints at one time. – This is very unclear wording. Do the authors want to state that the instrument measures nine footprints? That should be done earlier, maybe as part of Table 1.
Line 139: […] which is used to simulate spectrum by the observation parameter […] – Very unclear wording. I assume the authors meant to write something like “[…] which is used to simulate the top-of-atmosphere (TOA) spectrum given a set of input parameters”.
Line 140: […] solve atmospheric CO2 profile by fitting the instrument measured spectrum with the simulation result. -> […] solve the atmospheric CO2 profile by fitting the simulated TOA spectrum with the instrument measurement.
Line 142: contain -> containing
Figure 2: Simulating spectrum -> Simulated spectrum
Line 150/151: […] physical and chemical characters […], […] physical and chemical characteristics […]
Line 156: […] built with an observation coordinate system. – This can be omitted.
Line 195: The method utilized for retrieval […] – this sentence is hard to read and understand, what does “but did not compare directly the radiance calculated by the forward model and measured from satellite observation” mean? Surely Equation (5) shows that the difference between modelled and measured radiances are part of the cost function as well as the state vector update in Equation (6).
Line 199: “inversion issues” is not good wording, I would suggest e.g. “inversion problem”
Line 205: “express” -> “expressed”
Line 207: “other parameters” -> “set of parameters”
Line 211: The last sentence of the paragraph needs re-wording. I assume the authors wanted to state the under-constrained nature of the problem, but that does not reveal itself as such in that sentence.
Line 214: “minimum cost” is awkward wording and does not really belong in that sentence.
Line 223: “sequence” -> “iteration”
Line 224: “matrix of the weight function” -> “weighting function matrix”
Line 224: “iteration sequence” -> “iteration”
[bookmark: _Hlk39912010]Line 224: “constraint factor” -> “damping factor” (that’s the more common word for gamma)
Line 226: What is a “partial argument configuration”?
Line 246: “ejected” -> “emitted”
[bookmark: _Hlk39912157]Line 248: “The specific researches have been carried out for radiometric calibration of TanSat” -> “For details on the radiometric calibration of TanSat see [37,38]”
Line 253: “Except for observation information from the satellite, the data of cloud condition and atmospheric profiles, database of solar spectrum, and the atmospheric absorption molecules lines are indispensable to the XCO2 retrieval algorithm.” This sentence does is difficult to understand, what do the authors want to say here? I would argue that observation information is equally indispensable.
[bookmark: _Hlk39912285]Line 273: “synchronous” -> maybe “collocated” or “sampled”? What does “data” refer to?
Line 285: “contemporaneous” -> “coincident”
Line 295: “stable distribution” -> “uniform distribution”
Line 299: The authors said in the review response that they changed “instrument” to “footprint” where appropriate, but that’s clearly not the case (such as in this line)
Line 300: “contemporaneous” -> “coincident”
Line 302: Confusing sentence: “are proven to be efficient for observing atmospheric XCO2 through the statistic results of XCO2 values and each footprint SD values.”
Line 317: remove “stably”
Line 361: “Also, Beijing ground-based FTS […]” -> “Also, the ground-based FTS in Beijing […]”
Line 374: rewrite as (suggestion) “Figure 6 shows the comparison between retrieved TanSat XCO2 and the XCO2 retrieved from the ground-based FTS.”

Response 12: All the grammatical and spelling errors that the reviewer listed above have been corrected. We sincerely apologize for the inferior language of our manuscript. We have employed native English speakers for the language corrections. We very much hope that the flow and language level have been substantially improved.


[bookmark: _Hlk38465427]Overall, we greatly appreciate the reviewer’s warm and earnest work, and hope that the corrections will meet with approval. Once again, thank you very much for your comments and suggestions.
