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The authors provide updated data sets for CFC-113a from various observation plat-
forms and use these to update global abundances and emissions. These show that
after a rapid increase in CFC-113a emissions in approximately 2010, they have now
leveled off. Interhemispheric gradients and pollution events at the Asian stations are
presented. Potential sources of CFC-113a are discussed, which however remain spec-
ulative. The paper is an informative and useful update on a compound, little is known
about. This study adds to other recent studies of newly-discovered compounds with no
purposeful end use, and shows the necessity to distinguish the two isomers in order to
de-tangle their stories.

The paper is well written and understandable, but could benefit from some consol-
idating of information, in particular in the sections where the potential sources are
discussed.

The topic is well researched and the authors have done a good job in bringing the many
data sets together. The supplement adds more information and data are made avail-
able. This paper is well suited for publication in ACP and I have only minor comments,
which, once thoroughly handled, should make this acceptable for publication.

1. Introduction: A brief discussion on the loss mechanisms of CFC-113a would be
helpful to understand the cycling of this compound through the atmosphere, in particu-
lar for the discussion on CFC-113a in the stratosphere.

We agree with the reviewer that a brief discussion on the loss mechanisms would
be helpful and we have added a sentence explaining the loss mechanisms of CFCs in
general to the introduction (lines 47-49). We thought it would fit better in the introduction
if we talked about the loss mechanisms of CFCs in general rather than CFC-113a
specifically.

“CFCs have negligible loss mechanisms in the troposphere and only break down when
they reach the stratosphere where they are exposed to strong ultraviolet light and de-
compose mostly through photolysis and reaction with O1D (Ko et al., 2013).”
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2. p. 2, l. 77: What kind of pumps were used for the various sampling sites?

We agree with the reviewer that information of the kinds of pumps used would be a
good idea. Various pumps were used for the different sampling activities and they
have been described in previous articles: Cape Grim (Allin et al., ACP, 2015); Taiwan,
Tacolneston and Bachok (Oram et al., 2017); Geophysica (Laube et al., ACP, 2010
(Fractional Release. . .)); CARIBIC (Brenninkmeijer et al., 2007).

This sentence was added to the methods section (lines 84-86)

“Various pumps were used for the different sampling activities, all of which have been
thoroughly tested for a large range of trace gases (e.g. Brenninkmeijer et al., 2007;
Laube et al., 2010; Allin et al., 2015 and Oram et al., 2017).”

3. p. 2, l. 84: Please elaborate more on the use of different methods (chromatog-
raphy columns) particularly to give insight which samples / batches of samples were
measured one way or the other.

We agree with the reviewer that more information of the different columns should be
added. We have added the Cape Grim CFC-113a and CFC-113 measurements on
the GS GasPro column (length ∼50 m, ID 0.32 mm) and the KCl-passivated Al2O3-
PLOT column (length: 50 m, ID 0.32 mm) to the spreadsheet in the supplementary
material. A range of Cape Grim samples were reanalysed on the AlPLOT column and
showed very good agreement with the previous GasPro column-based measurement
with comparable precisions and no apparent offset. We have also added two tables
to the supplement spreadsheet: one for the Taiwan measurements and one for all the
other samples showing which columns were used for which measurements.

Some of the samples collected in Taiwan in 2013 were also measured on another GC-
MS. HCFC-133a, HFC-134a & HFC-125 were measured on the Entech GCMS. Some
information about this instrument was added to the methods section (lines 101-103).

“The samples collected in Taiwan in 2013 were also measured on the Entech-Agilent

C3

GC-MS system operating in electron ionisation (EI) mode. This consists of a pre-
concentration unit (Entech model 7100) connected to an Agilent 6890 GC and 5973
quadrupole MS (Leedham Elvidge et al., 2015).”

4. p. 2, l. 86: Primary calibration scale: Describe, or refer to the literature, on how the
primary reference material was produced (how many primary standards, at what ppt
level), and what the estimated accuracy is. Was the CFC-113a pure or contaminated
with CFC-113? Accuracy of the NOAA calibration scale for CFC-113.

We believe all of this information is already available and it is not necessary to add it
to the paper. For CFC-113a all of the requested information was published in Laube
et al., 2014 who reported the first measurements of this compound in the atmosphere.
For CFC-113, which we are reporting on a NOAA scale, all of the information is publicly
available from the NOAA ESRL websites. NOAA calibration scales are internationally
widely recognised and Laube et al., 2013 demonstrated that UEA measurements of
CFC-113 on samples collected at Cape Grim match respective NOAA observations of
that gas quite closely and over several decades with a small offset.

5. p. 2, l. 89: How did the repeated standard measurements feed into the calculation?
Were these referenced against other standards, or were chromatographic peak sizes
assumed constant over a day? How many standards were measured per day?

We have added these sentences to the methods section (lines 105-107)

“On a typical day, the working standard is measured five to eight times, between every
two or three samples. The sample peak sizes are measured relative to the standards
measured just before and after them. The working standard is used to correct for small
changes in instrument response over the course of a day.”

As described in the manuscript (lines 109-111), the repeated standard measurements
feed into the calculation as follows: “The measurement uncertainties are calculated the
same way for all measurements and represent one sigma standard deviation. They are
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based on the square root of the sum of the squared uncertainties from sample repeats
and repeated measurements of an air standard on the same day.”

6. p. 2, Methods. If not published previously, please provide a few more analytical
details. How well do CFC-113 and CFC-113a separate on the two columns used,
which fragments were measured? If available, provide a spectrum of CFC-113a; how
well does it compare with one from the literature? If some ions were used for both
isomers, what were their sensitivities if scaled to the same mole fraction on the MS
used for this study? Does ‘pure’ CFC-113 normally have CFC-113a impurities or vice
versa? Provide any other information that can be useful for comparison with other
networks, which may not be able to separate the two isomers (this could all be in the
supplement).

Almost all available information on GasPro column-based measurements has already
been published in Laube et al., 2014. We only add here that a possible interference
could arise when measuring CFC-113a on that column using m/z 116.91 if concen-
trations of the nearby eluding HCFC-123 are high. This was the case for a small
number of samples analysed for this work and those measurements were either a)
repeated using the interference-free m/z 120.90, b) replaced with measurements on
the other column, or c) excluded. The KCl-passivated Al2O3-PLOT column separated
CFC-113 and CFC-113a well, we observed no interferences and used m/z 116.91 for
quantification. We have added this information to the methods section (lines 94-99).
Whether pure CFC-113 normally contains CFC-113a impurities would require diluting
and analysing multiple samples from multiple companies which exceeds the scope of
this study. We would however be very open to carry out a direct intercomparison ex-
periment if approached.

7. p. 3, l. 95: How many CGAA samples were added, were these equally spaces over
the 2012 – 2017 period. Were some of the earlier samples from Laube et al., 2014
re-analyzed and if so, how did these agree with the present study?
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We added this sentence to the methods section (line 116-117)

“From 2013 to 2017, 20 samples were collected at Cape Grim at irregular intervals of
between one to five months apart.”

Some of the earlier samples from Laube et al 2013 and Laube et al 2014 were re-
analysed on the KCl-passivated Al2O3-PLOT column (length: 50 m, ID 0.32 mm). They
showed very good agreement with the previous GasPro column-based measurement
with comparable precisions and no apparent offset. We have added this information to
the methods section (lines 122-124). We have added the Cape Grim CFC-113a and
CFC-113 measurements on the GS GasPro column (length ∼50 m, ID 0.32 mm) and
the KCl-passivated Al2O3-PLOT column (length: 50 m, ID 0.32 mm) to the spreadsheet
in the supplementary material.

8. p. 3, l. 109: Which is day and which is month in the xx/zz/yyyy date description.
This can be rather confusing (and seems to be reversed in the supplementary tables),
why not spell out the month(s), like e.g. p. 7 l. 290? This confusing style re-appears
throughout the document.

We agree with the reviewer and all the dates in the article and in the supplementary
material have been changed to the format dd-mmm-yyyy. We have not changed the
date format in the NAME model figures but have added a sentence to the methods
section (lines 208-209) that says “Dates in the NAME footprint maps are presented in
the format yyyy-mm-dd and use UTC time.”

9. p. 3, l. 124: The very first mentioning of CFC-113 here without any prior motivation
for this leaves the reader confused.

We refer the reviewer to the abstract, which states that “We compare the long-
term trends and emissions of CFC-113a to those of its structural isomer, CFC-113
(CClF2CCl2F), which still has much higher mixing ratios than CFC-113a, despite its
mixing ratios and emissions decreasing since the 1990s.”
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We also modified the first sentence in this section (lines 150-151) to:

“A two-dimensional atmospheric chemistry-transport model was used to estimate, top-
down, global annual emissions of CFC-113a and CFC-113 for the purpose of compar-
ing the emissions of the two isomers.”

10. p. 3, l. 125: Even though explained in details in the cited references, please
provide a couple of sentences describing this model. Are the emissions derived from
an inversion, was a prior used?

For this comment we mostly moved information from the supplementary material into
the paper to give a more detailed description of the model (lines 151-156).

“The model contains 12 horizontal layers each representing 2 km of the atmosphere
and 24 equal-area zonally averaged latitudinal bands. The modelled mixing ratios for
the latitude band that Cape Grim is located within (35.7◦ S–41.8◦ S) were matched as
closely as possible to the observations at Cape Grim (40.7◦ S) by iteratively adjusting
the global emissions rate until the differences between the modelled mixing ratios and
the observations were minimised. For more details about the model see Newland et
al. (2013); and Laube et al. (2016).”

11. p. 3, l. 127: What is the UEA Air Archive?

We have changed the sentence (lines 117-119):

“The CFC-113 mixing ratios (1978-2017) from analyses of archived air samples col-
lected at Cape Grim, Tasmania and analysed at the UEA, together with NOAA flask
data, and AGAGE in situ data are also included to compare the two isomers.”

In addition, all later references to the “UEA Air Archive” have been changed to the “UEA
Cape Grim data set”.

12. p. 3, l. 126: Have the CFC-113 mixing ratios been published previously, or are
these measurements part of the present study?

C7

Most of the UEA Cape Grim CFC-113 mixing ratios were published in Laube et al.,
2013, which also included the aforementioned comparison to NOAA measurements
from the same site.

We have added this sentence to the methods section (lines 121-122)

“Most of the CFC-113 UEA Cape Grim data set was previously published in (Laube et
al., 2013).”

13. By reading this sentence it is not a priori clear if AFEAS has also provided bottom-
up emissions for CFC-113a.

AFEAS has not provided bottom-up emissions for CFC-113a. That part of the sentence
refers only to CFC-113. We have now separated it into two sentences (lines 157-162).

“We now update the CFC-113a emission estimates using an additional four years of
Cape Grim measurements. The CFC-113 emissions are estimated using CFC-113
mixing ratios at Cape Grim for 1978-2017 from the UEA Cape Grim dataset and com-
pared with bottom-up emissions estimates from the Alternative Fluorocarbons Environ-
mental Acceptability Study (AFEAS, https://agage.mit.edu/data/afeas-data).”

14. p. 3, l. 131: What do the authors mean by ‘isolated’?

We agree with reviewer and have replaced the word in question with the more appro-
priate “remote” (line 169).

15. p. 3, l. 138: Please explain why Tacolneston can be considered of NH background
air given that there is apparently a gradient of CFC-113a in the NH. The absence of
pollution events at Tacolneston may make this site representative for background air at
that latitude at most. See similar issue p. 6 l. 268. ‘Spikes’ is a rather confusing term.

We agree with the reviewer and have changed this sentence (lines 177-178):

“Tacolneston can be considered to be representative of Northern Hemisphere back-
ground mixing ratios of CFC-113a for that latitude as there are no significant enhance-
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ments in mixing ratios (Figure 2).”

In addition, all later references to “spikes” have been changed to “enhancements”.

16. p. 4, l. 141. I am not convinced about the shift to more southerly latitudes. Is
this an assumption that was made, or a result of the model? If the former, on what
basis is this assumption founded? If the latter, how can a model using Cape Grim
data give such detailed results about the NH distribution, particularly when apparently
Cape Grim is insensitive to the NH distribution as stated on p. 3, l. 133? The men-
tioning of Tacolneston observations here is confusing also, how could these be used to
determine the NH latitudinal distribution over decades if there are only a few years of
measurements? Also the comparison to Taiwan seems inappropriate if the authors use
median values for that site rather than a ‘Taiwan background’. Overall there seem to
be too many degrees of freedom here to be able to pin-point such a detailed evolution
of NH latitudinal gradients.

We agree with the reviewer that there are many degrees of freedom here, which is
why we state at the end of the paragraph that “It should be noted that while there is
evidence that supports the emission distribution used here, there might be alternative
distributions that result in equally good fits to the trends, particularly in the earlier part
of the record.” (lines 192-194). We also note, however, that for the later part of the
trend (which is the main focus of this manuscript) the assumed emission distribution
gives the best match to NH mixing ratios both in Tacolneston and in Taiwan. We would
also like to point out that medians are mentioned nowhere in this paragraph, when
we mention “measurements from Taiwan” we mean that there are significant enhance-
ments in CFC-113a mixing ratios in Taiwan indicating continued emissions so it is not
unreasonable to move emissions to this latitude band in the model. We have modified
this sentence (lines 184-186):

“There are significant enhancements in CFC-113a mixing ratios in our measurements
from Taiwan indicating continued emissions in this region (Section 3.2.1) which is con-
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sistent with emissions in this latitude band in the model.”

17. p. 4, l. 171 (Overall : : :) Is this sentence necessary?

We agree with the reviewer that this sentence is not necessary and we have deleted
this sentence and modified the next sentence (lines 216-218):

“Between 1978 and 2009 the average rate of increase was 0.012 ppt yr-1; then be-
tween 2010 and 2017 the rate had risen 3-fold to about 0.037 ppt yr-1.”

18. p. 4, l. 176: Is the 0.03 ppt/yr increase a result of the model or some other kind of
fit?

The first measurement at Tacolneston was 0.71 ppt on 13-Jul-15 at 11:03 and the
most recent measurement for which we have a CFC-113a mixing ratio is 0.76 ppt
on 16-Mar-17 at 16:30. The calculation is the difference between these two values
(0.76-0.71=0.05ppt) divided by 20 (because there are 20 months between these two
measurements) to give an increase per month. Then this is multiplied by 12 to give an
average increase per year of 0.03 ppt.

We have changed the sentence (lines 219-221):

“Although measurements at Tacolneston were made for a shorter time period (20
months), it also experienced an increase in CFC-113a mixing ratios of 0.03 ppt yr-1
over the period July 2015 to March 2017 based on start and end points (Figure 2).”

19. The mentioning of 0.06 ppt/yr for Taiwan is somewhat missleading as it makes the
reader believe that mixing ratios have grown more rapidly there, but isn’t the Taiwan
growth most likely tagged with a large uncertainty given the fact that the authors take
the median values rather than deriving a real ‘background’ record for Taiwan.

We agree with the reviewer, we do not have enough data to reliably derive background
trends. We have deleted the sentence about Taiwan. We has also deleted the sentence
explaining the median average in the methods section (lines 146-148) because it is the
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only place the Taiwan median is used.

“the median mixing ratios of CFC-113a in Taiwan increased on average by 0.06 ppt
yr-1 from 2013 to 2016.”

“The median mixing ratios are used for the measurements made at the Taiwan sites
to decrease the influence of the large spikes in CFC-113a mixing ratios that occurred
during these campaigns (Section 3.2.1). All other averages are calculated using the
mean.”

20. p. 4 l. 182: The presentation of the result would evolve less confusing if the emis-
sions were first mentioned before rates of growth of these emissions are discussed.
Also, the mentioning of an average of 1.7 Gg/yr does not say anything about the vari-
ability of the emissions in these years (There is not a single mentioning of emissions
for a specific year). It would be helpful to learn how much they varied in these years,
by e.g. giving the range of emission for these few years. I presume that the numbers in
parentheses are some uncertainty ranges, or are these the ranges they vary over that
time?

The variations between years were not included because they are not statistically sig-
nificant but we have now included them. We have also edited this section to include
some more information on estimated emissions in specific years (lines 227-233).

“The modelled global annual CFC-113a emissions began in the 1960s and increased
steadily at an average rate of 0.02 Gg yr-1 yr-1 until they reached 0.9 Gg yr-1 (0.6-1.2
Gg yr-1) in 2010 followed by a sharp increase to 0.52 Gg yr-1 yr-1 from 2010 to 2012
when emissions were 1.9 Gg yr-1 (1.5-2.4 Gg yr-1) (Figure 3). We find that between
2012 and 2016, modelled emissions were on average 1.7 Gg yr-1. The best model fit
(minimum-maximum) suggests some minor and statistically non-significant variability
between 1.6 Gg yr-1 (1.3-2.0 Gg yr-1) in 2015 and 1.9 Gg yr-1 (1.5-2.4 Gg yr-1) in
2012. See the supplementary material for more details.”
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The model was run three times: once for the most likely emissions, once for the small-
est possible emissions and once for the largest possible emissions. These are the
values in parentheses. How the three versions of emissions were calculated is ex-
plained in the supplementary material and we have added an explanation of how the
modelled uncertainties are calculated to the methods section (lines 162-166).

21. p. 5, l. 185: Can this 2% offset (using the same primary calibration scale) be
related that perhaps NOAA measures the combined CFC-113a/CFC-113 isomers?

The 2% has remained approximately the same over time which means it’s unlikely to be
caused by combining CFC-113a and CFC-113 because their mixing ratios have been
changing over time and therefore the offset would most likely change as well. The
offset is most likely due to analytical uncertainties when transferring calibration scales
between labs. We decided not to include this in the paper as it is just speculation and
the offset has been discussed in Laube et al., 2013.

22. Also, there does not seem to be a description anywhere on how the NOAA scale
for CFC-113 was adopted, and what the propagation uncertainties of this procedures
might be.

The working standard was directly purchased from NOAA and the analytical uncer-
tainty provided by NOAA was 0.4 %. This does however not include the uncertainty
of the NOAA calibration scale itself, which is currently not quantifiable as the content
of CFC-113a in all standards is unknown. CFC-113a does have however a distinctly
different EI mass spectrum to CFC-113, so it is unlikely that the CFC-113 used for the
NOAA calibration would contain a large fraction of CFC-113a. It might however be
enough to explain a 2 % offset, but the confirmation of that is outside the scope of this
paper.

23. Which way is the offset, which network reports higher values?

We added more information into this sentence to say that UEA is the one with the
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higher mixing ratios (lines 246-248).

“There is a small offset of 2 % between the NOAA data and the current UEA Cape
Grim dataset, with the UEA Cape Grim dataset being slightly higher, similar to the
offset reported previously (Laube et al., 2013).”

24. p. 5, l. 200: It would be very informative to see a graphical comparison of the
emissions for the two compounds over the last years, for example by adding those of
CFC-113 to Fig 3, or to somewhere plot the ratio of the CFC-113a/CFC-113 emissions.

We agree with the reviewer and have created a new figure with all the CFC-113 emis-
sion estimates and the CFC-113a emission estimates from 1995 to 2016. This figure
serves two purposes: 1) It makes the differences between the CFC-113 emission esti-
mates for more recent years easier to see and 2) It graphically compares the CFC-113
and CFC-113a emission estimates for the last few years.

25. p. 5, l. 211: This is confusing, if the AFEAS data are used as the CFC-113
emissions in the model, then the sentence that follows does not make sense. Do
the authors perhaps mean that the modeled emissions agree closely with the AFEAS
bottom-up emissions?

We agree with the reviewer that the current wording is potentially misleading and have
added a sentence to the text to make this clearer (lines 266-267).

“Therefore, the emissions used in our study here are the AFEAS emissions up until
1992. From 1992 onwards they are based on the best model fit to the UEA Cape Grim
observations.”

26. Fig. 4: colors are very hard to distinguish, for example, colors for NOAA and
modelled mixing ratios seem the same. Also, filled circles don’t appear as such due
to their close proximities. Dashed lines appear as dash-dotted in the legend. The
matching of modeled and AFEAS data is perplexing – are AFEAS data used as prior?
In which year does AFEAS end, 2000; it is not possible to see this on the graph? I

C13

see only one green Rigby uncertainty line. Are the uncertainties shown for the present
study based on the ‘likely’ or ‘possible’ range (p. 5 l. 22) or something else?

We agree with the reviewer and have changed the figure. The colours of the NOAA ob-
servations have been changed to a darker purple. The filled circles have been changed
to lines. The legend has been changed so the emissions appear as dashes. The
AFAES data is used as prior up until 1992 so they are the same as this study until then
and then they diverge. This study has higher emissions after 1992 and AFEAS ends
in 2003. The differences in the emissions estimates are not clear for the later years
because they appear so close together on the graph. We have created a new figure
with the CFC-113 and CFC-113a emission estimates for 1995-2016 to make graphical
comparison clear. The lower Rigby uncertainty line is very close to this study’s lower
uncertainty line, which is why it is difficult to see. We have changed the emissions un-
certainties to a filled area to make this clearer. We also changed the axis range of the
observations to move them down slightly so they do not overlap with the emissions as
much. The uncertainties for the present study are for the likely range. We have added
the word “likely” to the figure caption.

27. p. 5, l. 221: Lifetime work was really done by SPARC, it might be better to cite that
work.

We agree with the reviewer and have changed the reference to the SPARC 2013 report.

28. p. 5, l. 234: Do you mean ‘related to CFC-113 emissions from (old) banks, i.e
impurities of CFC-113a in CFC-113? This would not agree with their historic emission
ratios. Please clarify.

We agree with the reviewer that this is not clear. We do not mean “related to CFC-113
emissions from old banks”. We mean “related to co-emission from HFC production or
agrochemical production as discussed in section 4”. We have edited this sentence to
be more specific (line 295).
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“It should be noted that CFC-113 is not the focus of this study, but we do find that
emissions of it persisted until 2017, which leaves room for the possibility that some of
the recent emissions of CFC-113a are related to CFC-113 emissions, possibly through
HFC production or agrochemical production (see Section 4) similar to findings for other
isomeric CFCs (Laube et al., 2016).”

29. p. 6, l. 243: I suggest to phrase the other way: When there are spikes, then the
NAME model

We agree with the reviewer and have rephrased this sentence (lines 305-308):

“In general, when there are enhancements in CFC-113a mixing ratios then the NAME
footprints usually show that the air most likely came from the boundary layer over east-
ern China or the Korean Peninsula as shown in (a), (c), (d), and (g) for example.”

30. p. 6, l. 252: Were compounds other than those listed in Table 2 also looked at?

Yes, compounds other than those listed in Table 2 were also looked at. Only the ones
that we considered relevant are included in Table 2 and discussed in the text. We have
edited this sentence to say that over 50 halocarbons were measured in samples from
Taiwan (lines 316-319).

“After investigating correlations of CFC-113a with over 50 other halocarbons in samples
from Taiwan we found CFC-113a mixing ratios correlate well (R2>0.750) in multiple
years with those of CFC-113 and HCFC-133a (CH2ClCF3) indicating a possible link
between the sources of these compounds (Table 2).”

31. p. 6, l. 277: ‘generally’: Does this mean that this was not always the case and
that some Cape Grim results were higher than Tacolneston. From Fig 5 inset, it is not
easyito see this.

Cape Grim is not always higher than Tacolneston. There is one data point in January
2016 when Cape Grim is higher and other measurements when the error bars overlap.
The Tacolneston and Cape Grim measurements were not collected on the same days
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as each other so to compare them we used the dates which were closest to each other
timewise.

We have changed the word in the text from “generally” to “almost exclusively (though
often indistinguishable within uncertainties)”, (lines 348-349).

32. Is the dark filled circle at the beginning of 2016 at _0.75 ppt from Cape Grim (with
uncertainties smaller than the plotting symbol)?

The uncertainties were not smaller than the plotting symbol they just were not included.
We thank the reviewer for spotting this omission. We have now changed the figure to
include the uncertainties.

33. l. 279: replace ‘higher’ by ‘lower’.

We have replaced the word “higher” with “lower”.

34. p. 7, l 289: It is unclear, if only the three surface samples were used here for
the interhemispheric comparison, or a historic reconstruction of the NH based on more
samples. If only the surface samples were use, the mentioning of ‘trend’ is not ade-
quate.

The interhemispheric comparison is from a historic reconstruction of 16 firn air samples
collected at depths down to 76 metres. Only the three surface measurements were
included in the figure to compare to other atmospheric measurements.

We have edited the sentence to make this clearer (lines 358-361):

“Laube et al. (2014) already found an interhemispheric gradient in CFC-113a using four
of these CARIBIC flights 2009-2011 and furthermore discovered that the increasing
trend of CFC-113a at Cape Grim, lagged behind the increasing trend inferred from the
firn air samples, collected to a depth of 76 metres, from Greenland, in the Northern
Hemisphere.”

35. Also, Greenland firn air samples are here declared as ‘representative of back-
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ground Northern Hemisphere CFC-113a mixing ratio’, which (similar to the same state-
ment for Tacolneston) seems to be in contradiction to the assumption of latitudinal gra-
dients in the NH.

We agree with the reviewer and have changed this sentence (lines 363-365):

“They will also be representative of background Northern Hemispheric CFC-113a mix-
ing ratios for that latitude as the Greenland firn air location was isolated from any large
industrial areas with potential sources of CFC-113a.”

36. The samples are hard to see in Fig. 5, perhaps but a year in the legend for
‘Greenland (surface)’.

We agree with the reviewer and have changed the legend from Greenland (surface) to
Greenland 2008 (surface).

37. p. 7, l. 319: What is the ‘s’ in parentheses?

We have changed “process(s)” to “processes” (lines 399-401):

“This means that there are processes either producing or involving CFC-113a that lead
to continuing emissions of substantial amounts of this compound, especially in East
Asia.”

38. p. 8, l. 334: I disagree with the statement on l. 333 ff, that the absence of a
correlation is not what we would expect. Before, the authors rightly state, that the
correlation between CFC-113 and CFC-113a may derive from co-located factories (this
is a rather likely scenario, as there are large centers of industrial activities in China).
Taiwan may simply see air from places where CFC-113 and CFC-113a factories are
not co-located,

We agree with the reviewer and have changed this sentence to remove the part which
says there the absence of a correlation is not what we would expect (lines 411-414).

“There is an absence of a correlation between CFC-113a and CFC-113 in 2015 in
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Taiwan and in addition, the overall mixing ratios in 2015 appear to be lower than in the
other years and have fewer large enhancements (Figure 8).”

39. p. 8, l. 347: I am having difficulties to derive from Manzer 1990, that the CFC-
113a route is a main pathway. It appears that he showed many pathways graphically,
and listed two examples of potential pathways, neither of which was via CFC-113a. In
contrast, Maranion et al., seem to suggest this route, but without backing it up with
literature.

One of the pathways Manzer 1990 listed was production of HFC-134a via CFC-114a.
CFC-113a can be used to make CFC-114a as shown in Manzer 1990 (Fig 3). We have
changed the wording of this section so it no longer states this is one of the main routes
but now states that it is one of the pathways for production of HFC-134a (line 426). We
have also added in addition references in this section that also mention production of
HFC-134a via CFC-113a. We also took the opportunity to add in additional references
in other parts of this section to provide more references for the production methods
of HFC-134a and HFC-125 and for the use of CFC-113a to produce insecticides (line
475).

40. References: Laube et al., 2014: Captial ‘A’ For Brenninkmeijer, C. A. M.; Manzer,
1990. Reverse intials; Rigby et al., 2013: Correct Muhle

We have corrected these mistakes. The reference list is written using the Mendeley
reference manager so these changes will not appear as tracked changes in the docu-
ment.

41. Fig. 2: Limiting the y axes labels to the range of the data would greatly help
in distinguishing the two data sets. Are these error bars now also including some
uncertainties of the standard measurements, as indicated in the main text?

We agree with the reviewer and have limited the y axes labels to the range of the data.

All the error bars including the ones in figure 2 are calculated the same way and include
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the uncertainty in the standard measurements for the day they were measured. How
the error bars are calculated is described in the methods section (lines 109-111). The
explanation is not included in every figure as we thought it would make all the figure
captions unnecessarily long.

We have changed the methods section to explicitly say that we calculate the uncertain-
ties the same way for all measurements.

“The measurement uncertainties are calculated the same way for all measurements
and represent one sigma standard deviation. They are based on the square root of the
sum of the squared uncertainties from sample repeats and repeated measurements of
an air standard on the same day.”

42. Fig. 3: Similar comment as for Fig 2 for the right y-axis: Label ticks only in range
where data are. For the mean emissions, a solid line rather than a dashed line would
help to see the apex better. Date 04/12/2012 not apriori clear, which is month and
which is day. Legend shows light blue filled circles but these can’t be seen in the plot.
Suggest to replace these by lines for the model results.

We agree with the reviewer and have change the axis labels, and tick marks. The mean
emissions have also been changed to a solid line. We also changed the emissions
uncertainties to a larger dashed line. We changed the date format to 04-Dec-2012 and
we changed the filled circles to a blue line.

43. Consider to somehow show the CFC-113 emissions for the last decades in a
different form, such that they could be compared to the CFC-113a emissions in Fig. 3
(perhaps add them there).

We agree with the reviewer and have created a new figure with all the CFC-113 emis-
sion estimates and the CFC-113a emission estimates from 1995 to 2016. This figure
serves two purposes: 1) It makes the differences between the CFC-113 emission esti-
mates for more recent years easier to see and 2) It graphically compares the CFC-113

C19

and CFC-113a emission estimates for the last few years.

44. Fig. 5: It is very difficult to distinguish the various sampling sets. Please improve
figure.

We agree with the reviewer and have changed the figure so the data points are larger
and are different shapes.

45. Fig. 7: There seem to be no error bars on the CFC-113a measurements.

There are error bars they are just really small.

We have changed the colour of the error bars to a darker grey, changed the circles
to no fill so the error bars underneath them can be seen and changed the axis of the
CFC-113a and CFC-113 mixing ratios so the CFC-113a error bars are more stretched
out.

46. Fig. 8: Why was this particular measurement chosen? There seem to be many
elevated CFC-113a shown in Fig. 5.

This was an example that was representative for many other occasions. We have
changed the sentence referring to this figure to explicitly say that it was representative
for many other events (lines 332-333).

“Figure 9 shows an example NAME footprint from a sample collected in January 2014
that is representative for many other events.”

47. SI Tables: Emissions are calculated for 2017 based on 2 samples only for Jan
and Feb 2017. This is almost certainly biased and I suggest to omit presenting model
results for 2017.

We agree with the reviewer and have removed the 2017 emissions from the figures
and the supplementary material.

48. Consider complementing tables with information’s on calibration scales used for
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the various compounds and data sets.

We agree with the reviewer and have added calibration scales to the Taiwan sheet in
the spreadsheet in the supplementary material as Taiwan is the location with all the
additional halocarbon measurements.

Interactive comment on “Continued increase of CFC-113a (CCl3CF3) mixing ratios in
the global atmosphere: emissions, occurrence and potential sources” by Karina E.
Adcock et al.

Anonymous Referee #2 Received and published: 21 December 2017

This paper updates and advances our understanding of CFC-113a in the global atmo-
sphere, its lifetime, regions contributing emissions, and potential sources. The contin-
ued increase is interesting and important to document and understand, especially given
the accelerated increase that appears to be continuing after being initially documented
in an earlier paper. It is nice to see the broad range of measurement locations and
information they supply. The paper is mostly sound, although there are a few sections
where some reconsideration of results is warranted and where some improvement in
the writing is needed. But after these issues are addressed, the paper likely would be
appropriate for publication.

1. Issues to consider: As the authors note, the impact of these emissions on the
ozone layer to date is minor. Suggesting that more CFC-113a might make it to the
stratosphere than is indicated by surface means is a conclusion whose importance can
only be speculated about (line 309-312). It is not a conclusion based on data presented
here so doesn’t seem appropriate to include. Geophysica results from the stratosphere
are indicated as starting at background levels and decreasing above; in other words,
entirely consistent with background mole fractions at Earth’s surface.

We have modified this section to explicitly state that this is speculation (line 381) and
have added an additional sentence (lines 385-387).
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“The mechanism has already been proven to exist for shorter-lived gases (Oram et al.,
2017) and we see very similar patterns transporting elevated mixing ratios of CFC-113a
to the tropics very rapidly (within days) during a time of increased convective uplift.”

2. Related to this, it seems important to mention in the text that a constant emission of
2 Gg/yr for a chemical with a 50-yr lifetime yields a steady-state global mole fraction of
5 ppt (15 ppt of Cl for CFC-113a). This helps the reader to objectively understand the
significance of these results compared to the contribution of other chemicals includ-
ing CFCs in a much more meaningful way than a comparison of cumulative emissions
since 2007, for example (lines 206-209). Undoubtedly CFC-113a emissions could in-
crease, but the potential for this is constrained by the cause of the increasing emissions
and, for that fraction associated with HFC production, the Kigali Amendment.

We agree with the reviewer and have included this sentence in the conclusion (lines
510-511).

“For example, a constant emission of 2 Gg yr-1 for CFC-113a yields a steady-state
global mixing ratio of about 3.2 ppt.”

3. Potential sources for CFC-113a emissions should be considered in light of the fact
that emissions were fairly small until 2010, and then increased to a new value and
have been essentially constant since. It is my view that this step change in emissions
is primarily why this paper is worth publishing in ACP. It provides a strong hint as to
which process likely caused this step change (at the least it reduces the likelihood
of some causes) and is important to consider in gauging the likelihood of emissions
increasing in the future. At the present time this section (4) rambles a bit and would
benefit from significant tightening.

We agree with the reviewer and have edited section 4 to make it more concise.

In the first paragraph the details of possible exceptions to the Montreal Protocol have
been shortened. Also, the discussion of the possible causes of variations in CFC-
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113a and CFC-113 correlations has been shortened. We have removed the example
of HFC-134a in mobile air conditioning. We have also removed the paragraph about
the differences in the correlations of CFC-113a and CFC-113 between Cape Grim and
Taiwan. We moved the last two sentences from this paragraph into the paragraph
about CFC-113 source banks. We removed the concluding sentence from the HFC
paragraph and moved some of it to the concluding paragraph.

4. On the upper lifetime limit derived for CFC-113 based on the observed rate of
change of CFC-113. Some consideration or discussion of steady-state lifetimes vs
lifetimes at zero emissions is required here before such a conclusion is made. These
are two different quantities that have different values. For CFC-113, I expect its lifetime
in the presence of zero emissions to be slightly shorter than one derived at SS. See
papers by Prather on this topic, and consider calculating the difference in your model to
determine if an upper limit to a SS lifetime is inconsistent or not with the observationally-
derived value upper limit (assuming E=0).

The SPARC Lifetime Report (Ko et al., 2013) discusses the differences between
steady state lifetimes and decay times (lifetimes at zero emissions) based on the work
of Prather and others. Whilst the decay time can differ from the steady state life-
time (Prather 1994) this difference can be very small, especially for long-lived gases
with constant stratospheric sinks. Specifically, this difference is no more than 2%
for gases with lifetimes greater than 10 years. CFC-113 is a long-lived gas, with a
stratospheric sink and a likely steady state lifetime of around 82-109 years. The de-
cay time should therefore be very similar to the steady state lifetime and any differ-
ence is relatively small compared to the overall uncertainty in the steady state life-
times. Ko, M. K. W., Newman, P. A., Reimann, S. and Strahan, S. E., Eds.: SPARC
Report on Lifetimes of Stratospheric Ozone-Depleting Substances, Their Replace-
ments, and Related Species, SPARC Office. [online] Available from: http://www.sparc-
climate.org/publications/sparc-reports/, 2013. Prather, M. J., Lifetimes and eigenstates
in atmospheric chemistry, Geophys. Res. Lett., 21, 801-804, 1994. We have added
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the following text to section 3.1 of the paper: “We can use the observed decrease in
CFC-113 mixing ratios from 2003 onwards to calculate a decay time (lifetime at zero
emissions). For long lived gases with stratospheric sinks, such as CFC-113, the decay
time and steady state lifetime are very similar, differing by no more than 2 % (Ko et al.,
(2013). . . .. Accounting for the 2 % error introduced by assuming the decay time is the
same as the steady state lifetime gives are overall error of 6 %. Applying this to the
lifetime gives a maximum lifetime of 110 ± 7 years.” We have added the following text
to section 2 of the supplementary information where we calculate the lifetime of CFC-
113 by using the change in its mixing ratios at Cape Grim and a rearrangement of the
chemical continuity equation: “Accounting for the possible 2 % difference between the
decay time and steady state lifetime gives an overall range of 113 ± 5 years.”

5. Line 438-440. A suggestion that new regulatory mechanisms might need to be
added to the Montreal Protocol is made in the conclusion. This statement diminishes
the objective nature of the data and discussion included in the paper. Policy is made
with consideration of a broad range of costs and benefits, and you cannot begin to
cover this complex and multifaceted discussion in a paper about atmospheric changes.
If you want to comment on policy, consider doing it with an "if...then" construction. And
in this case, if policy-makers wanted to require absolutely zero emissions of CFCs,
then they might consider doing x,y, and z.

We agree with the reviewer and have edited this section to turn it into an ‘if. . .then’
construction (lines 524-529).

“If policy-makers wish to limit the impacts of individual isomers, then atmospheric ob-
servational data on individual CFC isomers should be reported to UNEP wherever
possible. In addition, the increase in CFC-113a demonstrates that the use of ODSs as
chemical feedstock or intermediates is becoming relatively more important as the use
of ODSs for direct applications decreases. If policy-makers target zero emissions of
CFCs, then they might consider regulating these uses of ODSs.”
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6. The discussion of section 4 in the supplement is not useful without explicitly con-
sidering the changes over time in tropospheric entry values. Without this, the section
adds little to the paper.

We agree with the reviewer and have added a discussion of the stratospheric mixing
ratios to the supplement (lines 99-104).

“The Geophysica 2016 highest CFC-113a mixing ratio was 0.75 ± 0.02 ppt. The
Tacolneston mixing ratio at this time was 0.72 ± 0.01 ppt. In 2009-2010 the Geophys-
ica highest mixing ratio was 0.44 ± 0.01 ppt and at this time the Cape Grim mixing ratio
was 0.43± 0.01 ppt. The highest mixing ratios observed in both campaigns agree quite
well (within uncertainties) with tropospheric background mixing ratios at the time and
can therefore be considered as representative of stratospheric entrance mixing ratios.”

7. Other items. How was calibration consistency maintained throughout time and
across the different missions?

We have added this sentence to the methods section (lines 99-101):

“All the samples are compared to the same NOAA standard (AAL-071170) and there
were routine measurements of multiple standards to exclude the possibility of mixing
ratio changes in the standard over time.”

8. Figure 3, mention blue solid and dashed lines in caption.

We have added this sentence to the caption:

“The blue solid line represents the modelled mixing ratios with uncertainties (dashed
blue line).”

9. p. 2, line 89-91, uncertainties are mentioned, but these are not the uncertainties
used in the modeling, which are discussed in the supplement but not the section on
modeling. I’d suggest that this appear somewhere in the main text.

We have edited and moved a section in the supplement into the 2.3 emission modelling
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section in the main paper (lines 162-166).

“The upper and lower emission uncertainties for CFC-113a and CFC-113 were de-
termined by first calculating the uncertainty in matching the modelled mixing ratios
with the observed mixing ratios using their recommended atmospheric lifetimes and
secondly considering the uncertainty range in the lifetimes. The best fit (minimum-
maximum) steady-state lifetimes used in this study are 51 years (30 years-148 years)
for CFC-113a and 93 years (82 years-109 years) for CFC-113 (Ko et al., 2013;
Leedham-Elvidge et al. 2017 accepted, ACP).”

10. On uncertainties in CFC-113 calibration arising from co-elution of CFC-113a. Con-
sider doing the atmospheric measurement community a favor by discussing the relative
magnitude of interference that an analyst might have in measuring CFC-113 given co-
elution of CFC-113a at the different ions these chemicals have in common (perhaps a
simple table in the supplement?). This would be very helpful, and easy to add, I imag-
ine, given that you are in a unique position to supply this important information that to
first order would be independent of mass spec instrument being used.

This is unfortunately not easy to add as we are not measuring all those ions. This would
also require detailed information of the setup of the different analytical systems to be
compared such as GC columns, retention times, potential interferences, differences in
ionisation due to different mass spectrometers (e.g. source vacuum, chemical used
for mass axis calibration) and unknown quantities of CFC-113a in primary calibration
standards. This would exceed the scope of this manuscript. We would however be
very open to carry out a direct intercomparison experiment if approached.

11. Lines 133-136 and 150-152. This doesn’t make sense. Fitting well data at CGO
wouldn’t say much about the accuracy of and emission distribution in the lower SH and
throughout the NH.

We agree with the reviewer and have deleted this part of the sentence:
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“and has been shown to reproduce the reported mixing ratios of CFC-11 and CFC-12
at Cape Grim to within 5 % uncertainty (Reeves et al., 2005)”

12. Lines 217, Confusing phrasing. Ultimately, global emission magnitudes derived
from observations depend on the lifetime used, and you used different lifetimes than
others.

We agree with the reviewer and have modified this sentence (lines 270-273):

“Differences are likely due to this study using different lifetimes than Rigby et al. (2013).”

13. Paragraph starting on line 251. First part: make this a discussion of variability in
mole fractions and not just mole fractions. This makes your point valid and will help
later when you are discussing differences in trends vs short-term variability in the UK
vs Cape Grim. Second point: mention the HCFC-133a lifetime.

We agree with the reviewer and have added this sentence (lines 314-316):

“The mixing ratios in Taiwan are very variable indicating nearby source region(s)
whereas Cape Grim and Tacolneston mixing ratios are much less variable. There-
fore, the Taiwan measurements are well suited to investigate correlations that might
shed further light on potential sources.”

We also have added this sentence (lines 322-323):

“The tropospheric lifetime of HCFC-133a is 4-5 years (McGillen et al., 2015)”

14. Para starting on line 265 (also line 291). Assertions are made that are not valid
here or that extend limited results to broader context without justification (was Tacolne-
ston sensitive to emissions from all UK source regions? Why would results from this
site be representative of the NH? They might be proportional to that quantity, but not
necessarily quantitatively the same). These are weakness to the paper that aren’t
needed and could be easily avoided.

We agree with the reviewer and have changed these sentences (lines 335-338), (lines
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363-365):

“This indicates the absence of regional sources of CFC-113a in this part of the UK.
Due to this and the relatively long lifetime of CFC-113a Tacolneston can be considered
to be representative of Northern Hemisphere background mixing ratios of CFC-113a
for that latitude.”

“They will also be representative of background Northern Hemispheric CFC-113a mix-
ing ratios for that latitude as the Greenland firn air location was isolated from any large
industrial areas with potential sources of CFC-113a.”

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-978,
2017.
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