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Reply to RC1  
For clearness: The line numbers in RC1 refer to amt-2020-461-manuscript-version2.pdf instead of the 

preprint version. The two version only differ by minor formatting aspects. The line numbers in our 

listed changes refer to the marked-up version of the revised manuscript, that is provided separately. 

Point-by-Point reply 
1. Line 81: The internal diameter is what matters, so please provide that. I assume that the 

predicted results use the ID. 

Agreed. The internal diameters are used to model the vertical resolution.  

 

 

2. line 137:  The fill gas at the closed end of the tube will not be distributed as a Gaussian. It 

has to be asymmetric because the end is closed off.  What it looks like depends on how 

much fill gas is left, but close to the end the spatial derivative of each gas fraction has to 

go to zero. If there is a lot of fill gas left, occupying several diffusion length scales, the fill 

gas fraction must approach 1 at the closed end.  When the fill gas enters the analyzer the 

transition ought to be rapid, unless the tubing toward the analyzer and the analyzer cell 

itself cause a lot of mixing. Some years ago I analyzed experiments with "plug" transitions, 

sudden mole fraction shifts inserted very close to the Picarro. In the hypothetical case that 

the cell would be perfectly mixed all the time, the insertion of a plug should produce a 

negative exponential approach toward the new steady state. If there is plug flow within 

the cell, so that the rapid transition is mostly preserved, the approach to the new state 

should be linear. It turns out that the actual transition was in between these two cases.  

The "response function" of each analyzer will depend on pressure, cell volume, and shape 

of the cell. This subject comes back on line 156. 

Thank you for your thoughts on this. We agree, that the fill gas will not be distributed as a Gaussian, 

which however had been assumed in the past by Engel et al. 2017. That is why we decided to introduce 



the new approach to identify an accurate starting point by reconstructing the gas fraction time series. 

In order to make this clearer, we inserted an additional citation in the manuscript: 

 

In the cases that we tested with our measurement setup, the fitting algorithm with CDFs of a Gumbel 

distributions was able to reproduce the asymmetric shape of the fill gas peak and yielded satisfying 

results for each gas fraction transition – starting from very close to 0 (but not exact 0) and 

approaching 1 with increasing time (see Fig. 2c). We addressed this issue in the revised version of the 

manuscript: 

 

The maximum of the fill gas fraction is indeed reduced below a value of 1 occasionally with our 

measurement setup. The idealized time series shown in Figure 2 was actually generated using data 

from an GUF AirCore measurement in Sodankylä in June 2018. Figure 2 reveals, that the measured 

mole fraction at the maximum of the fill gas peak is the result of mixing with both, Cal gas (due to 

Taylor dispersion in the transfer line and mixing in the analyzer cell) and stratospheric sample (due to 

Taylor dispersion, diffusion and mixing in the cell). 

 

3. line 193:  I suppose the signal gas mixture is CO-in-natural air. If a larger spike is inserted, 

you don't want to alter the main gases of interest. 

Thank you for your input. The amount of CO2 and CH4 in the signal gas is not relevant for the evaluation 

of the altitude retrieval, which is the aim of this paper. We do not recommend using contaminated 

sections of the AirCore profile for atmospheric interpretation at all. That is why we decided not to 

mention the CO2 and CH4 content of the signal gas. If we were to permanently include the CO-spiking 

system in an AirCore setup, we could however reduce the number of CO-spikes e.g. to just one (I would 

then suggest at the top of the profile) in order to minimize the effect of contamination due to mixing 

with signal gas. We included a short statement and mentioned the new idea at the end of sect. 3.3 in 

the revised version of the manuscript: 

 

 

4. line 234:  typo - should be June 17 

Yes, changed that. Thank you. 

 



5. line 245:  "resulting calculated vertical profile"   (this is for clarity) 

Done. 

 

6. line 350:  I would be very surprised if junctions between sections could cause much 

additional mixing. The flow conditions in the tube are extremely far away from any kind of 

turbulence.  My suggestion is to look further into the analyzer contribution to mixing. 

Thanks for pointing that out. We took this into account in the revised version of the manuscript: 

 

 

7. line 387:  I suggest replacing "proof," with "prove" 

Done. 

 

 

  



Reply to RC2  

Point-by-Point reply 
1. My only comment would be that, for the sake of anyone not working directly on AirCores, 

this would benefit from having a little more explanatory text. E.g. under Section 2.1, a 

clearer summary of these steps that does not require reference to Engel et al. would make 

reading/understanding much easier. 

Thank you for your constructive comment. We added more explanatory text to Section 2.1 in the 

revised version of the manuscript: 

 

 

We also updated the subsequent numeration of equations (not shown here). 

 

2. L.15 add “positive” to “bias” 

Done. 

 

3. L.16 “shown” not “uncovered” 

Done. 

 

4. L.17 “to be represented by possible empirical” 

Thanks for your suggestion. We decided to put the statement in different words to make it more 

accurate in the revised version of the manuscript: 



 

 

5. L.19 is it +/- 120 m or +120 offset? 

It’s ±120 m. Added this.  

 

6. L.50 “needs to be attributed to positional data” – doesn’t it just need altitudinal data? 

Lat/Long you’d get from GPS, wouldn’t you? 

Thanks for your suggestion. Indeed, the statement in the original manuscript was inaccurate. We 

decided to stick to the term “positional”, since this statement is not restricted to passive AirCore 

sampling but also holds true for active AirCores. In all cases it’s the molar amount of gas during the 

sampling process that is matched to the analysis time series. GPS altitude is not needed for this 

process, albeit it is one of the desired variables. It is not treated differently from Lat/Long data in this 

matching process. We clarified this in the updated version of the manuscript:  

 

 

7. L.90 what is the push gas made of? 

We provided relevant information in the updated version of the manuscript: 

 

And three lines below: 

 

 

8. Fig. 1 is quite tough to follow unless you have a little more background 

Thanks for pointing that out. We added explanatory text in the updated version of the manuscript: 



 

 

9. L.102 what does “PG resp. a calibration standard” mean? I didn’t understand this. 

We added labels to the transfer lines in Fig. 1a and referred to them in the caption in the updated 

version of the manuscript in order to make it more comprehensible: 

 

 

 

10. L104 I am not clear about “only tubing involved at the start of the AirCore measurement is 

coloured”; what is meant by “involved” – it's all involved isn’t it? 

Thanks for pointing that out. We rephrased it in the updated version: 

 

 

11. L.117 not clear what “starting point in the analysis” refers to. 

Thanks for pointing that out. We rephrased it in the updated version, in order to make it clearer: 

 

 



12. L.129 how high is high CO? 

Good point. We added information about standard gas CO mixing ratios from recent campaigns for 

clarity and improved our description of the measurements in the updated version of the manuscript: 

 

 

13. L.131 maybe explain how “Cal gas is used to distinguish between PG and FG”? 

We extended the statement in the updated version of the manuscript: 

 

 

14. L.189 what does “fastening valve” mean? I’ve not heard of this before (shutoff valve?). 

Instead of “fastening type” we now call it “mounting hardware”: 

 

 

15. Fig. 8 It took a while for me to realise that the steps in the curve related to the three 

diameters of tubing - maybe point this out from the start? 

Thank you for your feedback. This has also been pointed out by Anna Karion. We added one sentence 

for clarification: 

 

  



Reply to RC3  

Point-by-Point reply 
1. L188, perhaps I missed this earlier but what is ml_n ?  (and again elsehwere including L326, 

after 1.4 liters (ln?))? 

Thanks for pointing that out. We added an explanation and changed volumetric units to SI units in 

the updated version of the manuscript: 

 

 

 

 

2. L197, rather than "bar" perhaps SI units would be used here (editors can comment on journal 

policy) (same comment, line 332 using "atm".) 

Changed that from 4 bar to 0.4 MPa and from 1 atm to 1013 hPa. 

 

 

 

3. L213, approximately should be spelled out here and elsewhere I believe (editors can comment 

on that) 

Done. 

 

4. L 229 Typo, June 18 is used twice, should be June 17  

Done. 

 



5. L243 should be the analyzer's (apostrophe added) 

Done. 

 

6. Fig 4 and Fig 5, one is labeled GPS Altitude and one geometric - are these the same thing?  (i.e. 

both based on the GPS reading?). (and same question for other figures - perhaps they should 

all be made with consistent labeling). 

This is an interesting point, that has also been risen by the editor of this manuscript, Fred Stroh (editor 

review prior to interactive discussion). There is a small difference: In Fig 4 the GPS altitude information 

is directly linked to the descent velocity (which is calculated from the GPS altitude time series). In Fig 

5 (and the following) the GPS altitude data has been attributed to the trace gas mixing ratios that were 

measured after the flight. In context of this paper it seems appropriate to be specific especially in the 

latter case (thanks again to Fred Stroh for pointing this out). 

We updated the Fig 4 caption and the yaxis label of Fig 8 in order to make this clearer and consistent: 

 

 

7. L286: "between the both" should be "between the two" 

Done. 

 

8. L335 and on: It would help the reader if discussion of Figure 8 could mention the sharp changes 

in the modeled resolution occur at the junctions between different diameter parts of the 

Aircore. 

Thanks for pointing that out. William Sturges also raised this point. We added one sentence for 

clarification: 

 


