We thank the anonymous referees for reading the paper carefully and providing thoughtful
comments, which have resulted in improvements in the revised version of the manuscript.
We reply to each comment below in bold text.

Anonymous Referee #1

This paper focuses on the analysis of data from two field measurement campaigns, and combines results
from laboratory experiments to assess relationships between inferred amounts of stabilized Criegee
intermediates (SCI) in the atmosphere, and their possible contribution to the background signals in the
measurement of hydroxyl radicals (OH) by a particular laser induced fluorescence (LIF)-based
instrument.

The physical chemistry of SCI is currently a subject of great interest, as is improved understanding of the
components of the background in LIF-based OH instrumentation. Analysis of data collected during
comprehensive ambient field campaigns is a sensible way to attack this problem. The authors have done

a good job of precisely describing their assumptions and the potential pitfalls of various approaches. They
have used various statistical parameters (e.g. correlation coefficients) to allow the reader to understand
the robustness of the relationship under discussion. The literature is well-cited, and indeed the reference
list serves as a useful list of recent Criegee intermediate-related papers.

General comments.

1) This reviewer finds the discussion of the average concentration of SCI over an entire field
campaign not very useful. It would be much better to work with an entire time series of SCI,
followed by development of average diurnal cycles, and dependence of the derived

concentrations on various parameters such as ozone, NOx, OH reactivity, reactivity from all BVOC,
reactivity from all alkenes, and so on. This would give the reader a better feel as to what to expect
from SCI behavior in various atmospheric environments.

The authors understand the reviewers' concern, and a clarification is needed. The average value for
the SCI concentrations from the different approaches in the two different environments is obtained
from a time series of SCI. The time series are now shown in the supplementary information.
Average diurnal cycles of the OH background signals from both campaigns discussed in this paper
have been previously published by Novelli et al. (2014). The only exception is represented by the
SCI estimate from the unexplained production rate of OH where the average value is used instead
as it is directly taken from Hens et al. (2014). This is now better explained in the revised version of
the manuscript. The authors do not support the suggestion of showing the dependence of the SCI
concentration on various parameters; this is beyond the scope of this manuscript as its goal is to try
and provide the boundary concentration of SCI in two environments rather than targeting the
behavior of the SCI in general. The title of the manuscript has been changed in the revised version
to better reflect this focus.

2) Regarding the rate coefficient for SCI with SOz, this reviewer suggests going with the larger value
obtained by several groups, and simply mentioning in the discussion that if the Mauldin et al.,

2012 value is correct, then the concentrations of SCI increase by a factor of 66 (3.3E-11/ 5E-13).

As the current discussion implies, the values derived with the Mauldin et al. value seem high when
various constraints are imposed.

The authors would still prefer to keep the lower rate coefficient in the calculation of the SCI
concentration from the sulfuric acid budget as this value is published and no different



measurement from the same group showing a different value is available yet. We have moved all of
the discussion on possible causes of the difference in the rate coefficients to the supporting
information (following the suggestion of reviewer #2) where we now also discuss a much broader
range of possible sources of differences.

3) The data for both studies is lacking measurements of important species. For example,
HUMPPACOPEC 2010 is missing some terpenes, mono-alkenes, small alkanes, and aromatic
compounds. HOPE 2012 is more complete, but is missing hydrogen peroxide, HONO, and a pentane
isomer. Both studies are light on oxygenated species (5 compounds). Other measurements such as NOy,
alkyl and peroxy nitrates, nitric acid, and HOxradicals would help to put the measurements in an

overall context of pollutant level and oxidizing capacity. It should be possible to use other studies

in the region to estimate concentrations of these other species, using perhaps, ratios to CO or

some other approach.

The authors agree with the reviewer about the incompleteness of the data set for the HUMPPA-
COPEC 2010 campaign, though we feel that the data set from HOPE 2012 is very extensive and
covers a sufficient suite of trace gases. It seems unlikely, especially given the large uncertainties
related directly to SCI yields, unimolecular decomposition rates and rate coefficients with other
trace gases, that the addition of other trace gases would improve the estimates. Also, several of the
compounds measured (alkanes, aromatics, HONO, H,0;) are not sources of SCI. As discussed in
the answer to the first comment, the aim of the paper is to give boundaries for the SCI
concentration, not to assess their role in the atmosphere.

4) The presentation of data in a table with average values give the reader only one dimension of
their behavior with time, radiation, temperature, and other species. Time series plots of all the
species in the Supplemental Information would be preferred, but in their place, additional
information in the table would be helpful. Suggest including with the average (mean) values,
include median, and standard deviation of the mean. For species with significant diurnal
variations, average diurnal plots would be useful. Also, values in mixing ratio units (e.g. ppbv and
pptv) should be used rather than molecular units. Plots of average ozone, OH, and HO2 versus NO
or NOx would help the reader understand the chemical regime of the air masses measured. Such
plots may help the authors decide how to divide the data into various measurement regimes (e.g.
background, polluted, mixed, anthropogenic, biogenic).

For the time series of all the species from the HUMPPA-COPEC 2010 campaign we now refer
directly to Hens et al. (2014) and Nolscher et al. (2012) which contain such data. For the HOPE
2012 campaign time series of the species listed in the tables have been added to the supplementary
information. The authors did look into the possible division of the data into various chemical
regimes but this did not produce any particular additional insight.

5) In several places, the sum of the VOC concentration is given. This reviewer is not convinced that
this is a very useful parameter, since the various VOCs measured have very different reactivities
with OH, ozone, and NOs. It might be better to use the sum of the OH reactivity due to the VOCs
to describe the varying composition of air masses (e.g. when discussing the tree cutting event).

We agree with the reviewer about the different reactivities VOCs have towards oxidants. Within
this study we tried several times to underline this issue. For example, for the unexplained OH
reactivity estimate of the SCI concentration (Chapter 3.3), we perform a sensitivity study (now
moved to the supplementary information following the suggestion of reviewer #2) to account for the



different reactivity VOCs have towards OH and O;. In the case of the estimate of the SCI
concentration from the unexplained OH production (Chapter 3.4) we actually estimate the VOC
ozone reactivity exactly to avoid the use of the sum of VOCs. This is better explained in the revised
version of the manuscript. The delineation between the tree cutting period and the rest of the
“normal” campaign is based on the differences in the measured and unexplained OH reactivity due
to the VOCs.

6) With a more complete set of species measured and estimated, it makes sense to perform model
runs with the Master Chemical Mechanism (or other mechanism) modified as needed based on
the latest information on SCI reactions and photolysis. These runs will aid in the budget analysis
of individual SCI and their sum, as well as budgets of other species (e.g. OH, sulfuric acid).

The authors agree that modelling with the MCM can be beneficial, but for this particular paper we
consider it to be out of scope, as it is very long already. Currently, the model would not bring any
additional meaningful information on the budget beyond what has been already done in the
manuscript, given the uncertainties associated with the chemistry of SCI. Moreover, we currently
do not have the necessary information to speciate the SCI (we have rate coefficients for only a
handful of them) and a model study would not provide this.

7) Some species and parameters are so important to the analyses described in this paper as to
deserve further discussion on their validity (e.g. OH reactivity). Have the methods been compared
in the laboratory and/or the field with other techniques? Do the values behave as expected and

as seen in other studies as functions of time of day, NOx, OH reactivity, etc? While everyone in
such campaigns submits their data in the best possible state that has been carefully quality
assured and quality controlled, mistakes can be made. Detailed data examinations can sometimes
reveal such problems.

The authors understand and share the concerns of the reviewer regarding the quality and validity
of the data used in this or any study. We have no reason to doubt the data provided by our fellow
colleagues, who have checked their validity. Furthermore, most of the data has been already
published in other manuscripts and was critically evaluated at that time. For other parameters we
have included extensive discussions as to the expected uncertainties (e.g. k(T) of SCI + SO,,
condensation H,SO, sink,...).

8) This reviewer is not convinced that the current title describes the content of the paper. Suggest
changing the title to more accurately reflect the paper contents and conclusions.

The authors agree with the reviewer and, also in response to the comments of reviewer#2, changed
the paper title into: “Estimating the atmopsheric concentration of Criegee intermediates and their
possible interference in a FAGE-LIF instrument”.

Specific comments.
Page 2, line 11. Suggest “...through the addition to sulphur dioxide.”

The sentence was rephrased.

Page 2, line.11. The term “central value” is used here and elsewhere in the paper. Does this refer to the
mean or median value or something else? Suggest using standard statistical terms.



The term central value was replaced with the term average.

Page 4, line 6. Suggest “...while lower limits have been determined...”

Changed accordingly.

Page 5, line 23. In giving an OH value, is this meant to be globally, daily maximum, or campaign
average.

This value seems a bit high for the daily maximum remote locations, and perhaps a bit low for polluted
situations. Suggest adding a bit more text to describe what is mean by this value.

The value of OH was meant to give an idea of the order of magnitude of the OH concentration
globally, but as it was misleading it was removed from the manuscript.

Page 6, line 1. Suggest another word in place of “relevant”, perhaps “significant”.

Changed accordingly.

Page 7, line 15. An OH scavenger is mentioned, but its identify is not revealed. Suggest saying
specifically what compound is used.

Changed accordingly.

Page 9, line 1. Suggest “...titration of OHamis performed...” and “...to determine their backgrounds in
different environments.”

The sentence was unclear and was rephrased.

Page 9, line 5. The description of “better operation” is vague. Suggest a bit more information or
rewording.

Changed accordingly.

Page 9, line 20. Suggest ““...Scots Pines...”

Changed accordingly.

Page 9, line 22. Suggest “...aerosol particle concentrations, size distributions...”
Changed accordingly.

Page 10, line 6. Check to make sure BVOC is defined earlier in the paper.

The definition of BVOC has been added.

Page 10, line 6-8. Given the importance of the OH reactivity measurements, suggest adding more
information including the estimated uncertainties.

A short description of the technique together with the uncertainty on the measurement was added.



Page 11, line 22-25. The discussion of this method of OH reactivity has a bit more information. Suggest
making the discussion similar for both methods. Discussion of a comparison of these two techniques
would be beneficial, if it has been done.

There is no peer-reviewed information available comprising an intercomparison between these two
techniques.

Page 12, line 14. This equation arises out of the steady state assumption for sulfuric acid. Suggest adding
a bit of discussion of the assumptions that why steady state should be expected.

A discussion on the validity of the assumption of steady state for sulfuric acid was added.
Page 13, line 1. Suggest “...the rate coefficients of SCI...”
Changed accordingly.

Page 13, line 2. It is stated that the steady state concentration of SCI can be calculated, but equation (2)
is that assuming steady state for sulfuric acid. One can calculate the SCI value, but it is not the steady
state value. As discussed earlier, suggest doing this calculation for every data point for which all the
data needed are available. Then perform statistics and comparison with the full time series.

Please refer to the answer given to the first general comment.

Page 15, line 9-11. It is not clear what the steady state concentration (although it is not the steady state
concentration, as discussed earlier) remains in agreement with. Suggest a bit more text to clarify this.
Also, suggest “...based on the measured concentrations of VOC...”

The sentence has been rephrased.

Page 15, line 14. It appears to this reader that the calculation yields total sulfuric acid loss (rather than
production). Of course, in steady state, production and loss are equal.

While we agree with the reviewer, as discussed in the comments above, we think that the
assumption of steady state is reasonable within the uncertainty of our study and therefore
production and loss rate are equal.

Page 16, equation 3. This equation yields values of individual SCI using the assumption of steady state. In
addition to loss of SCI from unimolecular decomposition, It appears that reaction with water, and other
reactions should be included. Also the equation should be clearer as to which terms are being

summed. This reviewer believes that the summation should be over k, [VOC], Ysci, and the loss terms.
Ozone is the only parameter that should be outside the summation. Suggest constructing a full time

series for this estimate of SCI.

The loss of SCI of 40 s already includes reaction with water, water dimers and several trace gases
as described in the text as this value is obtained from a previous work. (Novelli et al., 2014). The
formula has been changed as requested. Due to the limited information available, our analysis uses
the same Ygc; and loss processes as an average value for all SCI, such that they can be factored out
of the summation, which is what we did in the original version.

Page 16, line 8. Suggest “We assume...”



Changed accordingly.

Page 16, line 13. Doesn’t Yscidepend on the VOC that reacts? If so, then the value should be different for
each one.

See answer to previous comment.
Page 17, line 12. Suggest “...in a pristine forest environment...”
Changed accordingly.

Page 18, line 24. Should the statement “...half of the measured OH...” actually be “...one-third of the
measured OH...”?

The sentence was unclear and has been rephrased.

Page 19, line 22. The phenomenon of unexplained OH production when OH reactivity is high is
interesting.

It makes sense to this reviewer that this observation could be due, at least in part, to errors in the
measurement of OH reactivity. It also could show up when NOXx is high, if NOx correlates with OH
reactivity. If so, could it be to errors in measuring HONO or errors in the estimate of JJHONO)? The
point is that it is not necessarily related to VOC levels or chemistry. Does the need for unexplained OH
production disappear when the OH reactivity calculated from individual measured species is used
rather than the directly measured OH reactivity?

In the Hens et al. (2014) study from which the unexplained OH production is taken there is a
detailed analysis that takes into account how the uncertainty on individual data would impact the
OH budget. The conclusion was that an unexplained OH production would still appear for large
OH reactivity. The OH reactivity calculated from only the measured species gives a value of 2 £ 2 s™
for the entire duration of the campaign. If such a value is used for the OH budget, the production
rate would exceed the loss rate by a factor of 4 for any conditions. Therefore, we believe that the
measured total OH reactivity better represents the chemistry in the forest.

Page 20, line 1. Suggest “...during low sun...” since a positive value for J(O1D), even though small, is
not night time.

The authors would prefer to keep the text as is as the distinction between the two different ranges
of J(O'D) was taken from Hens et al. (2014) where it was necessary to choose a value of J(O'D) to
separate between daylight conditions (photolysis of trace gases) and night conditions. We agree
with the reviewer that a small positive value of J(O'D) indicates presence of light but we find the
simplification of defining such low values for night-time periods suitable for the paper and easier to
follow for the reader.

Page 20, line 15. The statement that only certain VOC are considered is confusing, because those VOC
causing the unknown OH reactivity are themselves unknown. Suggest rewording this discussion.

The discussion was reworded.
Page 21, line 11. It is not clear exactly what is meant that the ratio of syn- to anti-SCI is within a factor of

5. Does that mean the ratio can go from 0.2 to 5? Or is anti-SCI always greater than or equal to syn-
SCI? A bit more discussion would be helpful.



The paragraph was edited for clarity.

Page 22, line 18. Suggest “...which can represent an important primary source...” since whether HONO
photolysis is important depends on conditions.

Changed accordingly.

Page 23, line 1-2. You could assume a range of HONO levels and do the calculations with those to see
what the impact is.

The authors think that the SCI estimate that would be obtained by assuming a certain
concentration of HONO would carry such a large uncertainty that the resulting SCI concentration
would be meaningless.

Page 23, section 3.5. While Figure 3 is a clever and useful way to show all the estimates of SCI
concentrations, it might also be helpful to put the values into a table. Estimates of uncertainties for
each value should also be given.

A table of the estimated SCI concentrations was added.

Page 24. Perhaps calculations with a range of unimolecular decomposition and other reactions would be
instructive. Estimates on individual SCI species would be preferred. A discussion of the atmospheric
impacts (e.g. oxidation of SO2, oxidation of VOCs) of SCI over the range of values calculated would be
welcome.

The authors agree with the reviewer about the importance of estimates of individual SCI species
and the benefit of discussing the atmospheric impact SCI would have in the two specific
environments. Unfortunately, the current data available does not allow for a SCI specific estimate.
For example, there is little to no information on the unimolecular decomposition rate for speciated
SCI. An estimate of a minor impact that SCI would have, for example towards SO, is discussed. We
consider a more in depth analysis of the SCI impact on several trace gases not within the scope of
this study.

Page 25. While the sensitivity of the LIF instrument to OH cannot be used to calculate SCI concentrations
from the OH background, this reviewer believes that the OH backgrounds should be normalized by the
instrument sensitivity to account for internal instrument changes (e.g. laser power, white cell

alignment) when discussing the OH background dependence on temperature and other parameters.

The sensitivity to OH is normalized by a calibration procedure described in the instrumental
description (Chapter 2.1); the OH background is normalized to the laser power, possible change in
the alignment of the white cell and quenching due to water vapor, all factors which would affect
both atmospheric OH and background OH concentrations.

Page 25, line 10. Suggest saying that there is a strong correlation except for the 26-28 July (which are
discussed later).

The authors think that there may be some confusion. The specific period of 26-28 July discussed
later refers to the HOPE 2012 campaign while the reviewer points at page 25, line 10 when the



discussion is about the HUMPPA-COPEC 2010 campaign where we have no solid reasons to
exclude the 26-28 July period.

Page 25, line 21. This reviewer does not see how southern Germany has a larger fraction of non-biogenic
VOC than Finland, based on the values in table SI-2. Suggest checking this statement for accuracy.

The statement was misleading and it has been rephrased.
Page 29, line 11. Suggest “The reason for the lack of correlation...”
Changed accordingly.

Page 31. In order to understand the possible impact of SCI on the instrument background, some
information on residence times in various parts of the instrument would be helpful.

Information about the residence time of the sampled air between the pinhole and the area where
the OH is detected which is relevant for the decomposition of SCI in the LIF instrument was added.

Page 32, line 6-8. Since OH produced by ozonolysis reactions quickly reacts, a mechanism for conversion
of peroxy radicals to OH is critical. One possibility is HO2 + O3, and while not very fast, could be
important.

The reactions suggested by the reviewer were already included in the model study performed in
Hens et al. (2014) and did not improve the agreement between measured and calculated OH
radicals.

Page 36, line 4. Suggest “Hence, higher SCI values appear to be less likely.”

Changed accordingly.

Page 38-48. Some of the references are not in alphabetical order.

Checked.

Table 1. See earlier comments about Table SI-1 and 2. The “a” footnote is missing. Suggest adding more
species (e.g. NOx, CO, etc.) to this table.

Changed accordingly.
Figure 3. It appears the box for ksci+so2~10-" for HOPE 2012 should be moved to the left.
Changed accordingly.

Figure 11. The flow lines for the skimmer do not seem reasonable. They should move toward the wall at
least somewhat.

The schematic shown is very simplified. We agree with the reviewer, but the main purpose of the
figure is to underline the large difference in how the air evolves in the low pressure region of the
instrument depending on the typology of nozzle, not to reproduce the air pattern rigorously.



Nevertheless as the figure is not critical, and possibly misleading, it was removed from the
manuscript.

Anonymous Referee #2

This paper summaries steady-state calculations of the expected concentration of stabilized
Criegee intermediates (SCIs) during two field campaigns (HUMPPA-COPEC

2010 and HOPE 2012). Several methods are used to estimate the concentration of

SClIs in these environments, including estimates based on the missing H2SO4 oxidant,
the ozonolysis of measured unsaturated compounds, unexplained total OH reactivity,

and unexplained OH production rates. These different methods result in estimated

SCI concentrations between 5 x 103 and 2 x 106 cm—3 in these environments, although
given the uncertainty associated with some of the assumptions used in these

calculations the authors conclude that a value of 5 x 104 cm—3 with an uncertainty

of approximately and order of magnitude is the most appropriate estimate of the SCI
concentration in these environments.

The authors then provide empirical evidence that the artifact in their LIF-FAGE mea-
surements during these field campaigns is the result of decomposition of SClIs in their
low pressure detection cell. The evidence includes strong correlations of the observe

OH background signal with temperature, ozone, and BVOC concentrations. In addition,
scavenging experiments where SO2 is added externally also removes the interference.
However, the observed background OH signal corresponds to an equivalent concentration
that is several orders of magnitude greater than the calculated SCI concentration
suggesting that SCIs are not the only contributor to the background signal. Although

the authors attempt to provide some possible explanations to account for this discrepancy,
including a greater decomposition rate inside their detection cell and a different
transmission efficiency of SCIs through their inlet compared to OH, they cannot fully
explain the observed discrepancy.

The paper is well written and suitable for publication in ACP after the authors have
addressed the following comments:

1) The title of the paper is somewhat misleading, as the paper does not explicitly identify
Criegee intermediates given that the background OH signal cannot be solely attributed

to SCIs. A more appropriate title might be “Estimating the concentration of Criegee
intermediates as potential oxidants in the atmosphere.”

Please refer to the answer to the general comment 7 given to the reviewer #l. We propose
‘“Estimating the atmospheric concentration of Criegee intermediates and their possible interference
in a FAGE-LIF instrument”.

2) The description of the different methods used to calculate the steady-state concentration
is long and may detract from the overall conclusions of the paper. Moving

some of this discussion to the Supplement would help maintain the focus of the paper

on the resulting concentration estimates and interference discussion. Did the authors
compare their estimations of the concentration of SCIs to that predicted by the Master
Chemical Mechanism?

Part of the discussion of the SCI estimates, in particular the discussion about uncertainty in the rate
coefficients used in this study, was moved to the supplementary information.



A comparison of the SCI estimates with the MCM was not performed as the current MCM
mechanism still lacks the majority of reactions and SCI conformers that would be needed in order
to compare the values, i.e. there is little to compare against. In order to use the MCM to calculate
the SCI concentration from different monoterpenes a lot of changes to the model would be needed,
which is out of the scope of this study, though it is part of an upcoming study.

3) The strongest piece of evidence that the source of the OH background signal is due

to SClIs is the SO2 scavenging experiment described on page 30 and Figure 10. However,
the paper would benefit from an expanded discussion of these measurements.

What are the equivalent OH concentrations corresponding to the signals shown in Fig-
ure 10?7 Do they correspond to the high equivalent OH concentrations discussed on

page 33? Did the authors attempt more than one scavenging experiment at different

times during the day and/or night? Was the background signal consistently scavenged
during multiple experiments? Were there periods when addition of SO2 did not scavenge
all of the background signal? Providing more details on these experiments would

give additional confidence that SCIs were responsible for the high background OH signal.

The discussion regarding the SO, scavenging experiments was somewhat expanded as suggested by
the reviewer. In the following, please find some brief answers to the questions raised by the
reviewer. The equivalent of the OH concentration corresponding to the signal shown in Figure 10
would be ~ 2 x 10° molecules cm™ and it would match with the values described at page 33. During
the HOPE campaign we performed a few experiments at the very end of the campaign during the
day and the results were similar to what is shown in figure 10. Since we put forward the hypothesis
that the OH background observed in the LIF could be caused by the unimolecular decomposition of
SCI, scavenging experiments with SO, were performed for every subsequent field campaign. In
every environment in which the instrument was deployed, it was possible to scavenge the OH
background signal with SO,. This data will be the subject of future publication.
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