
Reply to Anonymous Reviewer #1 
Dear Anonymous Reviewer #1, 
 
We deeply appreciate for valuable comments and suggestions. Please find the 
manuscript with several revisions. Answers to your comments/questions are given 
by point by point. We hope that current manuscript is significant for the 
publication in Atmospheric Measurement Techniques. 
 
Sincerely yours, 
 
1Tamaki Fujinawa and 2Yasuko Kasai 
1National Institute for Environmental Studies 
2National Institute of Information and Communications Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



General comments 1-1 
The level of English in the manuscript could use some work, starting with the title. It is 

readable, but the phrasing is occasionally not quite correct. There are too many instances for 
me to provide line-by-line corrections. 
 
Answer to general comments 1-1 
 We appreciate your valuable comment. As you mentioned, it should need to be improved for 
grammar even after a native English checking. We have checked the grammar and phrasing. 
 
Major comment 1-2 
I have some issues with the background discussion on CH3CN. While it is all technically 

correct that the molecule is associated with biomass burning and pollution and can be used as 
a tracer for biomass burning events, most biomass burning activity occurs in the troposphere 
but the measurements reported here are in the stratosphere. Some of the discussion is not 
entirely relevant to what they are measuring. 
They report the observation of a seasonal maximum of CH3CN in the upper stratosphere in 
February supposedly resulting from a peak in biomass burning during the time period from 
December to March. Age of air in the upper stratosphere is the order of a few years, but they 
appear to be suggesting they are measuring enhanced CH3CN in the upper stratosphere 
almost immediately. It should take a few years for young tropospheric air containing enhanced 
CH3CN to make its way to that atmospheric region. Intense fires can inject biomass burning 
products directly into the stratosphere (pyro-convection), but I donʼt think that is what they 
propose is happening here. CH3CN levels would be anomalously high in that case, and I 
expect the effect would not extend into the upper stratosphere. It would be confined to the 
lower stratosphere. The authors may want to rethink their interpretation taking transport 
times to the upper stratosphere into consideration. 
 
Answer to major comment 1-2 
 We are grateful for pointing this out and for your valuable comment. In our understanding, 
we could assume that CH3CN is almost emitted from biomass burning into the atmosphere 
and there is no major source of CH3CN in the stratosphere. In addition, it is likely that there 
is seasonality of CH3CN in lower stratosphere from 28 km to 36 km as can be seen in Figure 
7, even if the error bars (one sigma standard deviation) were taken into account. Therefore, 
we thought that the enhancement which can be seen in Figure 7 would be caused by biomass 
burning event. However, as you mentioned, our description about the enhancement might 
cause a misunderstanding that biomass burning plume emitted during the time period from 



December to March was immediately transported to the stratosphere. Therefore we revised 
some parts of the sentences as follows to make it clear. 
 
Revisions to major comment 1-2 
Lines 5-6: “We estimated the systematic and random errors to be ~ 5.8 ppt (7.8 %) and 25 
ppt (60 %) for a single observation at 15.7hPa, respectively, in the Tropics, where the CH3CN 
measurements are enhanced.” was replaced by 
→ 
Lines 5-6: “We estimated the systematic and random errors to be ~ 5.8 ppt (7.8 %) and 25 
ppt (60 %) for a single observation at 15.7hPa, respectively, in the Tropics.”. 
 
Lines 198-199: “, which is consistent with our understanding that most biomass burning 
occurs from December‒March.” was removed. 
 
Lines 198-199: “These seasonal maximum CH3CN levels measured in February are consistent 
with the yearly high period of BB events from December‒March.” was removed. 
 
Major comment 1-3 
In Figure 7, for altitudes below 40 km, the systematic high bias of results from AOS1 relative 

to results from AOS2 are quite evident. The authors make the statement that the differences 
between the AOSs is due to “sensitivity differences.” I do not know what that means. The 
phrasing would suggest something like signal-to-noise ratio, but I would expect that to yield 
increased variability and not a systematic offset, unless perhaps the retrieval is being “pulled” 
more toward the a priori in the optimal estimation analysis because of the reduced signal-to-
noise ratio. Is it possible to provide a few extra words to explain what is meant by sensitivity 
differences? It might be instructive to see the signal from the two different AOSs under similar 
measurement conditions, to see why one is yielding a larger VMR than the other. 
 
Answer to major comment 1-3 
 We appreciate your valuable comment. The “sensitivity differences” indicate inherent 
sensitivity differences between the two AOSs derived from instrumental characterization 
determined when manufacturing. As you pointed out, the phrasing “sensitivity differences” 
was unclear. Therefore, we added an additional explanation as below. 
 
Revisions to major comment 1-3 
Line 135 : “Note that the sensitivity differences indicate inherent sensitivity differences 



between the two AOSs derived from instrumental characterization determined when 
manufacturing.” was added. 
 
Major comment 1-4 
In Figure 9, the top VMR two points from MLS are negative, which contributes to the strong 

magnification of the discrepancies between the two instruments in this altitude region. 
Negative VMRs have no physical meaning. You should probably point this out when 
discussing the discrepancies. This is an item in your favor. 
 

Answer to major comment 1-4 
 We appreciate you pointing this out. As you mentioned, it shows the exaggeration of the 
discrepancies between the two observation. We added a sentence as below to point that out. 
 
Revisions to major comment 1-4 
Line 180 : “It should be noted that the discrepancies between the two instruments were 
exaggerated at upper pressure levels from 2.8\,hPa although negative values of 
$\chem{CH_{3}CN}$ VMR derived from MLS have no physical meaning.” was added. 
 
Major comment 1-5 
How was the a priori state constructed? If MLS results went into generating the a priori used 

in the optimal estimation analysis, extra care might be required in using comparisons to MLS 
as part of a validation effort. 
 
Answer to major comment 1-5 
 We appreciate your valuable comment. We used the results from version 5.2 of the Goddard 
Earth Observing System Model (GEOS-5.2) as a priori information (e.g., O$_3$ VMR profile, 
temperature and pressure profile). Therefore, we think it is not required to provide extra care 
about it. However, we added an explanation about preparing a priori state as you pointed out 
as below. 
 
Revisions to major comment 1-5 
Line 57 : “This version of L2r product was derived from the Level-1b (L1b) version 008 
calibrated spectra, which used version 5.2 of the Goddard Earth Observing System Model 
(GEOS-5.2) as a priori information (e.g., O3 VMR profile, temperature and pressure profile) 
(Rienecker et al., 2008).” was added. 
 



Reply to a reviewer #2, Dr. Hugh C. Pumphrey 
Dear Dr. Hugh C. Pumphrey, 
 
We deeply appreciate for valuable comments and suggestions. Please find the 
manuscript with several revisions. Answers to your comments/questions are given 
by point by point. We also improved the introduction to address the main purpose 
of this paper. We hope that current manuscript is significant for the publication in 
Atmospheric Measurement Techniques. 
 
Sincerely yours, 
 
1Tamaki Fujinawa and 2Yasuko Kasai 
1National Institute for Environmental Studies 
2National Institute of Information and Communications Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Specific comment 2-1 
Page 2 line 25: “Acetonitrile [. . . ] is one of the dominant gases emitted during wildfire events 
(90%-95%)”. This statement is either wrong or confusing as wildfires emit far more CO and 
CO2 than they do CH3CN. What I suspect that the authors mean is that 90%-95% of CH3CN 
comes from wildfires. If that is what the authors mean, they should say so explicitly. 
 
Answer to specific comment 2-1 
 We appreciate your comment. As you mentioned, the sentence is confusing. To avoid 
misunderstanding, we replace it as below. 
 
Revisions to specific comment 2-1 
Line 25: “[…] as it is one of the dominant gases emitted during wildfire events (90‒95 %)” 
was replaced by 
→ 
Line 25: “as 90-95 % of CH3CN comes from wildfires”. 
 
Specific comment 2-2 
Page 2 line 27:“...ocean uptake and the reaction with hydroxyl radicals (OH)([. . . refs . . . ]).” 
This sentence appears to be missing some words at the end. Maybe it should read “...ocean 
uptake and the reaction with hydroxyl radicals (OH)([. . . refs . . . ]) being the main loss 
mechanisms.” 
 
Answer to specific comment 2-2 
 We appreciate your valuable comment. As you mentioned, some words which you 
recommended is added as below. 
 
Revisions to specific comment 2-2 
Line 27 : “[…] being the main loss mechanisms.” was added. 
 
Specific comment 2-3 
Page 5 line 58 “maximum a posteriori solution” should be “maximum a posteriori probability 
solution”. When mentioning the MAP solution it is surely obligatory to cite Rodgers (2000). 
 

Answer to specific comment 2-3 
 We appreciate you pointing this out. As you mentioned, we add the word ʻprobabilityʼ and 
cite Rodgers (2000). 



Revisions to specific comment 2-3 
Line 58 : “maximum a posteriori solution” 
was replaced by “maximum a posteriori probability solution (Rodgers, 2000)” 
 
Specific comment 2-4 
Page 16, Figure 10. I struggle to interpret this figure. This is partly because the individual 
panels are rather small; I do not know what might be done about this as the arrangement of 
the figure is useful. 
The MLS data appear to have a lot of gaps in; the number of gaps increases with altitude. 
Now, it is clear that some of the gaps are there because the authors have chosen to show MLS 
data only for times when there is also SMILES data available. I would suggest that for the 
middle column of data they might want to show MLS data for all days, so that the eye can 
more easily pick out the patterns in the data. 
The actual MLS data do not become more sparse with altitude as the figure suggests: I just 
plotted them up to check. However, they do become negative on average, as can be seen in 
Figure 9 (left). I would suggest that the authors use a colour scale which spans the range of 
both the MLS and SMILES data. Clearly, the MLS data are wrong in the sense that the 
atmosphere can not contain less than none of a constituent. But the time-latitude dependence 
of the MLS data is actually rather similar to that of the SMILES data ̶ it would be nice if the 
plot could bring that out. 
I am pleased to see a sequential colour scale used for the actual quantities and a diverging one 
for the SMILES-MLS differences. Less satisfactory is the choice of sequential colour scale; 
the authors have used the notorious “jet” scale, or something very like it. (See 
https://hughpumphrey.wordpress.com/2017/06/29/ colours-for-contours/ for some 
thoughts and some useful links.) They might want to consider whether a scale other than “jet” 
might be appropriate in this figure. 
 
Answer to specific comment 2-4 
 We deeply appreciate your valuable comment and link. As you mentioned, we revised Fig. 
10 about the following points: (1) in the middle column in Fig. 10, the MLS data for all day, 
which is including the not-coincident points, were considered, (2) the color scale was 
expanded to negative values, (3) the sequential color map of ʻjetʼ was changed to ʻmagmaʼ. 
We hope these revisions help you to interpret this figure. 
 
Revisions to specific comment 2-4 
Please see the revised Figure 10. Revised points are as following. 



(1) In the middle column in Fig. 10, the MLS data for all day, which is including the not-
coincident points, were considered. 
(2) the color scale was expanded to negative values. 
(3) the sequential color map of ʻjetʼ was changed to ʻmagmaʼ. 
 

Specific comment 2-5 
Page 16 Lines 194-196: The time-latitude dependence of the MLS data is actually quite clear 
and easy to see as long as you plot the data up with a colour scale that goes into the negative. 
Clearly, the MLS data have a negative bias of over 100% in the upper stratosphere, but this 
does not, of itself, prevent the seasonal behaviour being observed. 
 

Answer to specific comment 2-5 
 We are grateful for pointing this out. We expanded the color scale of the MLS data to negative 
values at upper pressure levels in Fig. 10. As you mentioned, results of the MLS also showed 
the time-latitude dependence clearly in the upper stratosphere despite of the large negative 
bias. We think this comment is partly included in the specific comment 2-4. Therefore, please 
see also the answer and revisions against specific comment 2-4 in detail. 
 
Revisions to specific comment 2-5 
Please see the revised Figure 10. 
 

Specific comment 2-6 
Page 16 Lines 198-199 and page 17 lines 210-211: It is not at all clear to me why there should 
be a connection between the maximum observed at 1hPa ‒ 5 hPa in February and the timing 
of the biomass-burning season. Tropospheric source gases such as CH3CN enter the 
stratosphere via the tropical tropopause and take over a year to ascend from 100hPa (16km) 
to 10hPa (32km). This “tape recorder” effect was first observed in water vapour (Mote et al., 
1996) and subseqently in HCN (Pumphrey et al., 2008, 2018) among other species. Figure 1 
shows that CH3CN is similar to HCN, although the tape recorder signal is only clear in the 
2016-18 period. There was a large influx of both HCN and CH3CN at that time due to a very 
strong El Niño event. 
 
Answer to specific comment 2-6 
 We deeply appreciate pointing this out and your valuable comment. The other anonymous 
referee also pointed out the same point. We thought there is seasonality of CH3CN in lower 
stratosphere from 28 km to 36 km as can be seen in Figure 7, even if the error bars (one sigma 



standard deviation) were taken into account. Therefore, we thought that the enhancement 
which can be seen in Figure 7 would be caused by biomass burning event. However, as you 
mentioned, our description about the enhancement might cause a misunderstanding that 
biomass burning plume emitted during December to March directly caused the seasonal 
maximum measured in February. 
 
Revisions to specific comment 2-6 
Lines 5-6: “We estimated the systematic and random errors to be ~ 5.8 ppt (7.8 %) and 25 
ppt (60 %) for a single observation at 15.7hPa, respectively, in the Tropics, where the CH3CN 
measurements are enhanced.” was replaced by 
→ 
Lines 5-6: “We estimated the systematic and random errors to be ~ 5.8 ppt (7.8 %) and 25 
ppt (60 %) for a single observation at 15.7hPa, respectively, in the Tropics.”. 
 
Lines 198-199: “, which is consistent with our understanding that most biomass burning 
occurs from December‒March.” was removed. 
 
Lines 198-199: “These seasonal maximum CH3CN levels measured in February are consistent 
with the yearly high period of BB events from December‒March.” was removed. 
 
 

Technical correction 2-7~2-11 
Page 1 Line 1: Maybe replace “one of the volatile organic compounds” with “a volatile organic 
compound”. 
Page 1 line 7: Maybe replace “a pressure broadening” with “pressure broadening” or “the 
pressure broadening coefficient”. 
Page 2 line 33: “lower stratosphere Kopp and Arnold et al. (1978); Schneider et al. (1997).” 
should be “lower stratosphere (Kopp and Arnold et al., 1978; Schneider et al.,1997)” (In 
LATEX this would be a \citep, not a \citet.) 
Page 2 Lines 51-53: Figures should be called out in numerical order. Here, Figure 2 is 
mentioned in the running text before Figure 1. 
Page 17 line 216: AMT prefers datasets to be referenced in the same way as papers, with the 
DOI included. The full reference for the MLS CH3CN data is Santee and Read (2015). 
 
Answer to technical correction 2-7~2-11 
 We appreciate your valuable suggestions. As you mentioned, we revised several points as 



following. Detailed revisions are described in “Revision to technical correction 3-1~3-5”. 
 
Revisions to technical correction 2-1~2-5 
Page 1 Line 1: “[…] one of the volatile compounds […] ” was replaced by  
→ 
“[…] a volatile organic compound […]” 
 
Page 1 line 7: “[…] a pressure broadening […]” was replaced by 
→ 
“[…] the pressure broadening coefficient […]” 
 
Page 2 line 33: “lower stratosphere Kopp and Arnold et al. (1978); Schneider et al. (1997).” 
was replaced by 
→ 
“lower stratosphere (Kopp and Arnold et al., 1978; Schneider et al.,1997)” 
 

Page 2 Lines 51-53: “[…] as shown in Fig. 2. SMILES employed […] The date of 
observation made by AOS1 and AOS2 are shown in Fig. 1.” was replaced by 
→ 
“[…] as shown in Fig. 1. SMILES employed […] The date of observation made by AOS1 
and AOS2 are shown in Fig. 2.” 

 

 


