
Response to Reviewers 
 
We would like to sincerely thank both reviewers for helping us make this a 
significantly better paper. Specifically, we feel the paper has benefited by inclusion 
of more geophysical datasets and a re-organization that has resulted in a reduction 
in redundancy. We are grateful for the thought and care that both reviewers showed 
in their reading and comments. Specific responses are below.  Our responses are in 
black font.  Quotes from the new draft are in italics. 
 
Anonymous Referee #2  

Received and published: 2 March 2017  

General comments  

This manuscript examines some challenges affecting the creation and error assess-ment 
of long-term climate-related data records, and provides some guidance in terms of the 
number of overlapping years between two satellite measurement systems for a given 
overall stability verification goal. The authors are generally well-versed in the subject 
matter and have useful insights to offer in this domain. The methodology is sound, 
especially as they make it clear that there is no "one size fits all" approach either, with so 
many possible variables in terms of potential instrument issues (jumps, offsets, drifts,...) 
as well as geophysical parameters and variations (both spatial and temporal). In this 
sense, given the somewhat limited case that is discussed (as this is most directly relevant 
to solar irradiance type data), the results should be viewed really as applied to these very 
specific conditions. Would the authors agree/disagree or care to comment further (see 
also the next comment)?  

Thank you. We believe we have now made the paper much more relevant to the 
atmospheric science community by including examples from ozone and temperature and 
by expanding Figure 3 (now Figure 5) to show how results would differ with other values 
of variability and autocorrelation. We have also focused the writing on the applications to 
satellites monitoring atmospheric parameters and the associated problems. We appreciate 
the challenge to make this paper more generally useful to the large community interested 
in atmospheric observations. While the figures are devoted to application of the proposed 
techniques, the formulae presented are what we feel are the true contributions. As such, 
the formulae are quite generally applicable to the broad atmospheric community. We 
would also like to point out that approximately half of the co-authors involved in this 
study are focused on non-solar satellite observations.   



However, I would argue that the example used is somewhat limited given the broader 
interest from the atmospheric community in terms of atmospheric data (temperatures as 
well as composition), and the larger range of variabilities (spatial and temporal) tied to 
such observations. Can anything useful not be mentioned in this regard, even for a 
somewhat specific case (such as ozone or water vapor data) using two “state-of-the art” 
monthly zonal mean data sets? Is the feeling that the overlap period needs would be 
longer, shorter, or about the same, even if this is based on a semi-quantitative 
approximate analysis (or why can this not be “readily added”?). I suspect it is in fact 
somewhat complicated and (clearly) quite dependent on the data sets themselves, but it 
would be good to add some words to this effect, if at all possible, even if a “full-blown” 
analysis is not performed for this other case of even broader interest. The value of this 
work is limited because of the limited example, although this is clearly useful to the solar 
irradiance community.  

Thank you. We added examples from for overlapping satellites of ozone (New Figure 1 
and associated text) and temperature (New Figure 2 and associated text) for illustration 
purposes. We had intended to get appropriate ozone and temperature data to carry out the 
sample calculations on. Indeed, with a number of co-authors on this paper, we thought it 
would be do-able. We finally concluded that it was beyond the scope of this paper to 
apply the techniques fully to temperature and ozone. We hope the reviewer and editor 
will see our efforts to be more inclusive of other datasets as a direct response the 
reviewers’ helpful comments.  We also do view solar radiation as a very important 
parameter for understanding the Earth’s chemistry and climate.   

I also believe that one should never lose track of the fact that even if one can consider it 
valid to require (as a minimum) two years of overlap between satellite measurements in 
order to verify and "guard against" (if possible) potential relative drifts or jumps, the 
overall (longer-term) satellite record still depends very much on the years prior to and 
following the overlap period, for which independent observations (or reference 
calibration) are still required to check stability over the long run. In other words, current 
stability does not guarantee future stability (or even past stability). The authors might 
consider adding such additional words of caution, although there are generally enough 
cautionary sentences in the manuscript that this criticism is a fairly soft one; possibly this 
is more a question of separating the cautionary portions in a slightly cleaner way, as there 
is some overall inefficiency in the presentation and clarity (too many words or sentences 
in some places).  

We fully agree with the reviewer on this point. He/she is correct that we can not forget 
that the stability of an instrument during overlap is not evidence of how it behaves 



outside of the overlap period. We have tried to emphasize this point by gathering in one 
place many of our caveats on the limitations of information in an overlap period. (See 
page 3, line 23) We don’t want to oversell this point, though, out of concern that an 
inexperienced reader could think that overlaps in satellites are not very important. By 
pulling together our thoughts more cogently in addressing the value of the overlap period, 
we hope we have addressed this point. 

Overall, I would recommend publication of this work as useful knowledge for readers 
interested in careful planning and evaluation of long-term observational (and merged) 
data records. Whether this manuscript is appropriate enough for ACP, or possibly better 
suited for a different Journal, is something that the editors should probably ponder 
further, but I would not be strongly opposed to this manuscript finding a place in ACP 
(although AMT may be a better fit), after some further consideration of the reviewer 
comments (mostly the general comments). I also do agree broadly with the other review 
of this manuscript, submitted shortly before this one.  

Thank you. We believe the revised manuscript appropriately addresses a number of 
atmospheric data issues and will be happy if the paper stays in ACP. We also recognize 
that ACP has a history of publishing papers on solar data, so think this also makes a good 
fit. We have added sentences to reinforce the importance of solar data to atmospheric 
sciences.  

Specific comments (mostly minor comments for added clarification and a number of 
editorial details)  

Page 1, Line 19 (P1-L1): maybe change slightly to "Satellite sensors can enable un- 
precedented understanding of the Earth’s climate system by providing measurements of 
incoming solar radiation, as well as both passive and active...and temporal coverage." 
[the last part of this long sentence seems superfluous - this is clearly why satellites are 
outstanding in the aspects mentioned]  

We happily shortened this sentence in response to both your comments and the other 
comment we received. Thank you. 

P1-L33: delete "may" before "occur". 

Done 

P1-L36: change "are" to "is". 



Thank you. 

P2-L30: This paper presents techniques that can address...  

Much better. Thank you. 

P2-L44: "showed that ..."  

Thank you. . 

P3-L43: While this manuscript focuses mostly on solar irradiance records, there are some 
selected refs. to other parameters and ozone, for example. For the more general reader, 
adding at least a WMO (2014) reference for such studies seems appropri- ate here (at 
least) [and maybe also "and references therein", given the non-negligible amount of work 
that has gone into merging various data records of atmospheric tem- perature and 
composition]. A more careful consideration of various other refs. could be considered, 
although this is not central to this manuscript’s relevance, given what is  

Thank you. We’ve made the addition and corrections. 

C3discussed already with a few other refs mentioned.  

P3-L49: I am not sure that polar ozone loss is generally viewed as such a "major 
environmental concern" for the decades ahead [but if the consensus exists among this 
small subset, no major problem in keeping such strong words I suppose].  

Polar ozone loss (“The Antarctic Ozone Hole” and “Arctic Ozone holes”) remains to be 
an important benchmark for environmental sciences. The entire process from identifying 
the problem, confirming the cause, communicating with decision makers and reversing 
the concentration of ozone depleting substances is a benchmark of the important role of 
environmental science in society. The final success will be the cessation of polar ozone 
holes, which may not occur for a few decades. If we don’t see this full recovery, there 
may be reason to doubt the highly successful collaboration of scientists and policy 
makers. So, if the reviewers have no objections, we’d like to let this statement stand. 

P4-L26: probably requires the word "is" at the end of the sentence.  

Thank you. Done. 

P4-L39: Another ref. worth mentioning, it would seem, is the Hubert et al. [AMT, 2016] 
work on relative drifts between a large number of ozone time series measurements, 



somewhere in this paragraph, for example. ["and references therein..." at the very least].  

Thank you.  Done. And, particularly more appropriate now that we have added the ozone 
example. 

P4-L44: delete "same" before "problems".  

Thank you. Done. 

P5-L3: add "this" before "is often beyond".  

Thank you. Done. 

P5-L7: replace "efforts" by "effects" (?)  

Thank you. That sentence has been deleted due to our reorganization and reduction of 
redundancies. 

P5-L23: As mentioned in my general comments, the "final data products" cannot just 
depend on the overlap record... A "best check", maybe, but not if the overlap period is so 
short compared to the full record time period (and some records extend for more than a 
decade).  

The reviewer is right, of course; we agree fully. We have reworded this point to make it 
more clear in several places. We modify the cited line with, “In Section 8 we offer an 
approach to evaluate how important overlap is compared to other choices that can 
help improve a long-term data record.” 

P5-L36: "are applicable to" could be reworded as "may be useful for".  

Thank you. We have adjusted this sentence, and simultaneously responded to another 
suggestion that we note that this can be useful to those using the data. 

P6-L25: “such criteria are impractical”. 

Thank you. Done. 

P7-L6: "contains all three uncertainty sources identified in this study."  

Not sure what to do here. 

P8-L27: I suggest deleting "as is".  



Done. Thank you. 

P9-L3: change "difference" to "differences". Also on line 8.  

Thank you. Done. 

P10-L12: To get to equation (2) from eq. (1), you should specify where the 1.96 comes 
from, as this is not just a simple inversion of (1). The text in the paragraph that follows 
carries some of the information needed, but a more crisp description (or sentence C4 
before equation (2)) would be much better.  

We have added text to explain the 1.96 factor: “The factor of 1.96 is to support a 95% 
confident limit on the offset; if more confidence is needed in the offset, a higher factor 
can be used based on classic statistical tables.” We think this is more crisp and, along 
with the other changes in this section, helpful to the paper. Thank you. 

P10-L29: “not appropriate”? Clarify what this means here please.  

We have adjusted the text to be more clear about the student-t assumptions: “…because 
the formula offers an estimate of length of time needed to limit uncertainty in an 
offset, and such an estimate is rarely precise to many significant digits. We conclude 
for the datasets we have been exposed to that after roughly two years of data 
collection the large number limit of 1.96, may be considered appropriate.” To be very 
explicit in response to the reviewer (in case this new text is not sufficient), when we 
estimate that it will take, for instance, three years to reduce the uncertainty on the 
offset to a specified level, the specific variability observed may result in the 
uncertainty on the offset to reach the specific level a few months earlier, or a few 
months later. Thus, coming to a conclusion that the overlap needs to last for 3.0179 
years is not really relevant (appropriate). 

P10-L32: “users should never ignore the added uncertainty” - not very clear what this 
means here; is the “added uncertainty” not basically built into the merged datasets as a 
result of the merging process, so either the variability changes somewhere or there are 
small steps/jumps, or “built-in” trends that differ from any individual dataset to some 
extent. But when one looks into the trends using the merged dataset, one gets a result that 
carries an uncertainty, e.g. by using formulae or methodologies suggested by the authors 
(or other past work). Do you mean, following the text until the end of this section 3, that 
users should try their best to “reduce the uncertainty in the overlap adjustments”? This is 
also something that is often a “given”, with little recourse besides independent 
confirmation using another dataset, although there are cases where some other methods 



might be used, as the authors mention. Maybe one just needs to say something like “users 
should be aware of added uncertainties. . .” and “try to minimize such effects, whenever 
possible” [and give one or two specific examples where this can be done].  

We have added a sentence to help clarify this at page 12, line 37. The user can choose 
any of a number of ways to address this added uncertainty and the approaches are beyond 
the scope of this paper—but may make for an interesting follow up paper! 

P10-L48: If I use a drift factor in equation (3) that changes by a factor of 2, the resulting 
ratio for number of months would seem to go as (1/2) to the power 2/3, or a factor of 
0.63. If I use 0.63 times 3 years, I get 1.9 years, which is close to the ratio in Fig. 3, but 
not exactly a factor of 2./3. (0.67). Could you clarify this further or point to equation (3) 
specifically when discussing Fig. 3 to give the reader a clearer explanation for how the 
curve changes. One needs 5 years or so to get another factor of two drop in the drift value 
(or drift error reduction).  

We are a little unsure of the reviewer’s question. We note that the plot is a semi-log plot. 
We want to run through one example, as the reviewer has suggested and for ease of 
reading, set aside the radiation units and exponents (leaving off *10-5 watts/m2/nm/year) 
Using the reviewer’s example and specifically using the data in Figure 5, we have a drift 
of 2.88  for 5 years.  If we consider twice that drift (5.76), that should take (5 years*0.63) 
which is 3.15 years.  That is about halfway through our datapoints for 3 years (drift 
detectable of 6.19) and 3.25 years (drift detectable of 5.49).  Our 5.76 estimate lies 
between those two values (5.49*10-5 and 6.19*10-5), so this is all making sense to us.  
We welcome this sort of check, but we think the data in the figure and the data in the 
formula agree.  We would be extremely grateful if the reviewer can point out a problem, 
should one exist.  At the moment, we don’t see the problem. 

If it would be helpful, we can add the data from Figure 3 (now Figure 5) in an appendix. 
Note that Figure 5 has also changed to be a larger, more informative plot. I offer the data 
for Figure 5, if it is helpful to the reviewer: 

P13-L7: delete “the” before “a drift”.  

Done. Thank you. 

P14-L15: change “produces” to “produce”, as “the jumps” refers to the subject; also I 
suggest changing “on” to “of” before “Fig. 4”.  

Done. Thank you. 



C5  

P14-L30: add a space before “represented”.  

Done. Thank you. 

P16-L8 to L11: Not only can ground-based and in situ observations help during the 
overlap period, but they can also help by checking the longer-term trends including those 
for the merged datasets; this is actually a chance to give a nice “plug” for the usefulness 
of such independent observations rather than just limiting them to an over- lap period, in 
my view - not that the intent was to limit their usefulness, but why not be more inclusive?  

Thank you. We agree and have adjusted the text (e.g. page 6, line 47)and in the 
conclusion to better highlight the role of independent observations.  

P16-L12: “efforts have been put forth” sounds better (for example).  

Thank you. That sentence has been removed due to the reorganization of text and 
removal of redundancies. 

P16-L37: Delete the period after “standards”.  

Thank you, that sentence has been removed due to our re-arranging of text. 

P16-L40/41: I would shorten the English here, e.g. “Figure 3 shows that drift detection 
accuracy improves as a function of the number of overlap years. Improvements in drift 
detection capability decrease as the number of overlap years increases, but the optimal 
overlap duration is difficult to identify.”  

Done. Thank you. 

P16-46: Instead of “may be proposed to improve”, I would say “have been proposed and 
implemented. . .” [this is the case].  

The reviewer is right, of course, that multiple ideas have been proposed and implemented 
that have improved satellite records. However, we are trying to say something different in 
this sentence and paragraph. We want to convey that appropriate overlap of satellites is 
one way to help assure better data, but it is not the only way. We have adjusted the text 
starting on  on page 20, line 31to make that more clear.  

P17-L1-L23: I found this discussion somewhat long, although it is not that long com- 



pared to the full text - at least it is of less interest to some readers for a publication 
intended for atmospheric chemistry and physics (with solar radiation included).  

We would very much like to keep this section intact, although we’ve modified in 
response to the other comments. This section may not speak to scientists, but it does 
speak to managers who often are the final decision makers when it comes to continued 
satellite overlap. We also get very strong, positive response on this aspect when we 
present this information in public. I believe we are seeing more environmental science – 
economic discussions these days and this may well be a good thing, particularly if 
scientists stay engaged in these cross-disciplinary discussions. We hope the editor and 
reviewers will indulge us here. 

P17-L18: I would add a comma after “satellite data”.  

Done. Thank you. 

P17-L29 to L34: Again here, I would prefer to see this as an opportunity to present 
ground-based observations as a cost-effective alternative, or certainly a complement, to 
satellite data (for certain applications, at least). The “potentially high cost” (line 34) 
comes more from the satellite observations, in comparison to ground-based networks (for 
atmospheric composition applications in particular).  

We agree with the reviewer on this point and have added new words in the reformulated 
section on requirements that help clarify the undeniable value of ground-based 
observations, both as aids in understanding satellite records as well as on their own. 
Please note the changes in page 6 and in the conclusion. 

P18-L10: “achieved due to drift ...” needs some improvement, maybe “achieved by 
considering that drift is inversely proportional to the number. . .”.  

Done. Thank you. 

P18-L17: Again, I would add something here regarding ground-based, not to consider 
satellites as a final word for everything. . . e.g. “as observational approaches, both from 
satellites and from the ground, are considered. . .” This is true even if your main goal here 
is to provide some quantifiable basis for satellite overlap goals and methodologies, 
regardless of the additional input potential from non-satellite data.  

We have done a better job of praising the value of ground based observations in the 
newly merged section that addresses requirements and the potential future value of in-



flight calibration (Page 6, line 45)and in this conclusion section. The reviewer is 
completely correct: satellites are not the final word for everything. We view this paper as 
an effort to show how to help get the best possible data out of satellites, because there are 
formidable issues that need to be addressed.  If anything, I think the uncertainty added by 
overlap, as presented in this paper, can help educate our community to the idea that even 
if they can download a beautifully complete (temporally and geographically) satellite 
dataset, it is not without significant challenges. 

Appendix A: This one could be summarized in a few sentences since the results of 
monthly versus 27-day period averages etc. . . are so similar for both cases. If you insist 
on keeping it, it could be dramatically shortened (which is why just adding a sentence or 
two in the main text seems appropriate to me - if at all), there are minor typos. L5, change 
“word” to “world”, L6, delete “the” before “June”, and the solar SIM std. dev. number 
needs an exponential format type (superscript “4”) like the other numbers.  

The question of averaging into monthly values is one that comes up relatively frequently. 
Sometimes scientists will discover that they get “better” results when they use daily data, 
or smooth the data, or some other trick. We’ve never written a paper on this issue, but I 
think the length of this section and explicit calculations will at least take a small step 
toward helping scientists understand that their results, if carried out correctly, will not be 
dependent on time period for averaging. An appendix might be just the right place for 
something like this—it allows the few people who are very interested in this result to see 
how it plays out, while not bogging down the paper for those not so interested. Thank you 
very much for pointing out the typos—they have been corrected 

Appendix B: On L10, the “with” does not need to be capitalized. More importantly, the 
Fig. captions should describe the Fig. contents, y and x axes (unless it is plainly obvious), 
and not add lines of comments that really belong in the text/discussion (and might be 
duplicated unnecessarily). In Fig. B2, the caption should also mention what the dashed 
blue lines represent instead of mentioning what this Figure “supports” (do this in the 
text). For Fig. B3, in addition, the “theoretical quantities” are too much of a mystery, 
even with refs. that the reader could check out, so adding a sentence or two to actually 
describe what is being plotted would be very beneficial, or give examples if there are 
really too many different quantities.  

We have adjusted the text so that the discussion of the Figures is in the body of the text 
and not in the captions. (Page 25, line 4) We have further explained how the results in 
Figure B2 and B3 can be interpreted. (Page 25, line 8) We hope the text is clearer, but 
still may be a bit confusing to those with limited background in statistics. We wanted to 



include these sections to underscore that the formulae presented can be used if the 
assumptions behind those formulae are met. While this might not serve as a full tutorial, 
it at least shows that there are objective ways to decide whether one’s data are behaving 
as an AR(1) and whether residuals are Gaussian. With the reviewer’s suggestions on how 
to be clearer, we now feel we are doing a better job of making our point. Again, thanks to 
the careful reviewer! 

Appendix C: L6, please correct the reference to the plot and Figure number (no third plot 
in Fig. 2); also, using the word “visually” seems unnecessary. On line 21, I would change 
“the” to “a” before “signal-to-noise”, and add “that” before “is slightly”. On L27, I would 
delete “we can imagine that the detection of” and just say “this drift,. . .”, and L29, I 
would add “it” before “would very”. On Fig. C1 caption, delete “the” before “even small 
drifts”, on L4, add “the” before “width”, and on L5, change “time” to “times”, and add I 
suggest “and the probability is indicated. . .”. On L11, change “directed” to “detected”. 
L13-14, I suggest “of detection with more years of overlap.” On the question of scale for 
the shaded/striped blue or green areas, this scaling is arbitrary it seems, not something 
that can be checked against the y-axis scale; is the maximum close to 100%? It may be 
worth clarifying this scale range as the y-axis does not help (or one could add a separate 
axis on the right side of the plot). 

Thank you. We’ve made all of the small changes and added a reference so that the scale 
of the shaded areas is more clear. The new text to help indicate the scale is:The height of 
the blue bar indicates the likelihood, with the linear scale being defined such that the 
likelihood of detection being 50% at two years; considerably higher likelihood of 
detection is indicated with more years of overlap. 

Appendix D: this one is pretty nebulous for those not close enough to statistics from the 
economics side (most readers of ACP or AMT), and I suppose this could be shortened a 
bit as well, especially as it is not the main goal of the manuscript (which is why after all, 
this is in an Appendix). Also, it sounds quite vague given the comments on lines 33-34, 
and/as the actual specifics are tough to provide reliably for the case at hand, let alone the 
(little mentioned) range of possible applications in the atmospheric sounding domain. 
Minor detail, footnote (4), there is a closing parenthesis missing after “(see Morss et al., 
2005. . .”. Also, the typesetting for the mathematical quantities seems off in some cases 
(notably for q on lines 16 and 20). On L4 of page 25, I would change “use along” to “use 
of” or “using”, or something else to clarify this.  

We have adjusted some of the text in the Appendix, but would like to keep this section in 
the final paper for two reasons. First, when we have presented this general information to 



colleagues, the economic aspects are what get the most enthusiastic response.  Second, if 
not for financial constraints, we would be able to simply have continuous overlap of all 
observations. The driving force for being careful about overlap is to assure that scientific 
use of the final data is not constrained by economic decisions to stop overlap of data too 
early. We hope the editor and reviewers will allow this section to remain as an appendix. 
The text was changed in response to all three minor details mentioned. Thank you. 

 

Again, we thank the reviewer for such a thoughtful and likely time consuming review.  
We particularly thank the reviewer for double checking to assure that our calculations in 
Figure 5 and the Formula are in agreement. 


