Response to interactive comments on “Speciation
of OH reactivity above the canopy of an isoprene-
dominated forest” by J. Kaiser et al.

We thank the reviewers for the thorough reading and helpful comments. Below, we address each
remark individually. Original comments are in green, and our response follows, indented and in
black. Our pagination refers to the pdf of the discussion paper. Beyond the changes to the
manuscript outlined below, please note a change in supplement “entrainment” scenario which
corrects a previous error in the calculations for the dilution sensitivity test. These changes have
no impact on our analysis or conclusions.

Referee #1

(1) The abstract does not contain any quantitative information about the level of agreement
between model and measured OH reactivity, which is the main result. There is a long
introduction to the abstract and it is not until line 18 that any points specifically relevant to the
results of this study are presented. Lines 10-17 need to be moved to the introductory material in
the main paper, and some of the main results from the study (overall level of agreement (i.e. that
the model underpredicts), slopes of main correlation plots, OH reactivity versus isoprene
calculated reactivity, diurnal behaviour, statement that there are large model overprediction of
OVOCs with values etc.) need to be stated. The abstract needs to be extended considerably in
terms of summarising the main results.

We have substantially changed the abstract to eliminate much of the background and add
a more quantitative and detailed summarization. The new abstract reads:

Measurements of OH reactivity, the inverse lifetime of the OH-radical, can provide a top-
down estimate of the total amount of reactive carbon in an airmass. Using a
comprehensive measurement suite, we examine the measured and modeled OH reactivity
above an isoprene-dominated forest in the South East United States during the 2013
Southern Oxidant and Aerosol Study (SOAS) field campaign. Measured and modeled
species account for the vast majority of average daytime reactivity (80-95%), and a
smaller portion of night-time and early morning reactivity (68-80%). The largest
contribution to total reactivity consistently comes from primary biogenic emissions, with
isoprene contributing ~60% in the afternoon, ~30-40% at night, and monoterpenes
contributing ~15-25% at night. By comparing total reactivity to the reactivity stemming
from isoprene alone, we find that ~20% of the discrepancy is temporally related to
isoprene reactivity, and an additional constant ~1 s offset accounts for the remaining
portion. The model typically overestimates measured OVOC concentrations, indicating
that unmeasured oxidation products are unlikely to influence measured OH reactivity.



Instead, we suggest that unmeasured primary emissions may influence the OH reactivity
at this site. While the magnitude of OH reactivity is related to RO2 production and
subsequent ozone formation, determining the molecular structure of compounds related
to missing reactivity is essential to understanding its impact.

Paper

(1) Page 7 (there are no page numbers, so pages here refer to pages with the cover page as page
1) lines 2-3. In the measurement of OH reactivity, how was the zero of the instrument
determined, and what is the value? Also, presumably in this environment the level of NO is low
enough that any corrections for recycling of OH from HO2+NO within the sampling airstream
are not necessary? If this is the case it should be stated. It would also be worth stating how the
accuracy of the instrument is checked using known OH sinks.

The operating procedures for the OH reactivity instrument are described in Mao et al.
(2009). The OH reactivity instrument zero is determined by measuring the wall loss of
the OH radical while using a clean carrier gas. The uncertainty in the zero is 0.5 s, with
2 o confidence. The recycling of OH from HO,+NO was corrected by taking into
account measured HO, decays. The accuracy of the instrument was verified using gasses
with well-known reaction rate coefficients (C3Fg in the field, and CO, propane, propene,
and isoprene in the lab).

In the manuscript, we now state the value of the instrument offset during SOAS and refer
the reader to Mao et al. (2009) for a description of the measurement technique.

(2) Page 7, line 25, MCM (not MVM).
This has been corrected.

(3) Page 8, line 29. Would any process immediately regenerate OH? The timescale may be fast
compared with the OH decay, but the actual values should be compared, and one shown to be
much faster than the other, rather than just this statement.

According to the version of the MCM used here, some processes immediately regenerate
OH, most notably the reactions of some hydroperoxides with OH. For example, the
product of ISOPOOH + OH reaction is IEPOX + OH. Because loss and production of
OH is simultaneous, the ISOPOOH + OH reaction would not impact the measured OH
decay. We have clarified this in the manuscript.

(4) Page 9, line 1. Small is subjective, please give a % value here to evidence this.

We now state that the average total calculated reactivity of species that immediately
regenerate OH is 0.6 + 0.3 s™.

(5) Although not the subject of this paper (and measured OH is used to constrain the model), it
would be useful to state the level of agreement between the model and measured OH and other
measured radicals (HO2 and maybe RO2). It would be useful just to confirm how the model
performs for these species (given that the model comparison for OVOCs is discussed later).



We cannot provide a comparison of measured and modeled OH or RO, because our
model is constrained to measured OH values and RO, measurements are not available.

HO, was not constrained and can be compared to measurements. Our results are shown
below. A manuscript comparing measured and modeled OH and HO, has recently been
submitted to J. Atmos. Sci. (Feiner et al. 2016). Slightly different model configurations
and selection of days results in a small difference between studies, but both show similar
results for HO,. Feiner et al. also find good agreement for OH (chemically zeroed
measurement) and model values. We direct readers to the Feiner et al. paper for a more
complete  discussion of  the HOx budget  for  this  campaign.
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(6) Page 10, line 1. The largest discrepancy is observed at 0700 LT (32%). Can the authors
comment on the general shape of Figure 2?

The general shape of Figure 2, including the peak of missing reactivity in the early
morning, is addressed in the discussions section (page 8, starting at line 13).

(7) Page 10, line 16. It is stated that the slopes are not much larger than one. This is rather
subjective as the observed slope of measured OH reactivity versus that from isoprene itself is
1.43, which although not a factor of 3, 5 etc., is significantly greater than 1 (by almost 50%).
This statement ought to be qualified. It can be seen clearly from Fig 3 that at times the reactivity
due to isoprene is considerably less than the total measured OH reactivity.



This sentence has been eliminated, as the numbers themselves adequately convey the
relationship between total reactivity and isoprene.

(8) Page 12, line 3. Not slope of fig 3? You mean slope of fig 4?
This has been corrected to refer to Figure 4.

(9) It is difficult to compare the temperature dependence observed with that of Di Carlo et al., as
the range of values of temperature only seem to have a limited range where they overlap. The
parameterisation of Di Carlo seems to stop at 300 K, and in this region the current work’s
function does not change much. It is only above 300 K that the function for this work becomes
significantly steeper than that of Di Carlo. Some further discussion of this is needed, and the
parameterisation of Di Carlo needs extending to higher temperatures compare easily.

The parameterization shown in DiCarlo et al. (2004) is based on observations at the lower
temperature range shown. Because extrapolating the fit may misrepresent the
observations and conclusions of Di Carlo et al., we do not extend their parameterization
to higher temperatures. However, we now highlight that the parameterizations are based
on different ranges of temperatures.

(10) Page 12. The paper states that “. . .the model is missing ~ 1 s-1 that is temporally unrelated
to the oxidation of . . ... (Figure 3)”. However, inspection of Figure 3 suggests that the difference
between the measured OH reactivity (black points) and the cumulative modelled reactivity is
more than 1 s-1? It looks more like between 2 and 5 s-1 (depending on time of day). Some
modification of this statement is therefore needed.

While the total missing reactivity is larger than 1 s, we differentiate between the portion
temporally related to isoprene (slope in Figure 4) and the offset (intercept in Figure 4).
Increasing the effective reactivity of isoprene by 20% and adding 1 s™ would account for
the entirety of the 2-5 s™ of missing reactivity. In our discussion, we address separately
the difference in slope and intercept. This has been clarified in the manuscript.

(11) Page 12, line 12, missing “of”
This has been corrected.

(12) Page 13, line 2. Again 1s-1 seems to be a significant underestimate of the difference
between measured and modelled shown in Figure 3. The amount of sesquiterpenes would
therefore need to be more than ~ 200 ppt.

See response to comment 10.

(13) Page 13, line 22. The values quoted here are not consistent with the values quoted on page
10. The measured slope was quoted as 1.43 there, and modelled slope 1.22. Also, it says +/- 02
(should be 0.02).

We have corrected this error.

(14) Table 1. Glyoxal row, space between 9% (1 s)



This has been corrected.

(15) Figure 1. Please plot this graph from the origin (0,0) as it will be more informative. At
present it is rather misleading as it suggests the points go to the origin.

We have remade the figure as suggested.

(16) Figure 1. The slope of the linear least squares fit weighted by uncertainty must be stated in
the caption. This is one of the most important results of the paper.

The caption now includes the equation of the linear fit.
(17) Caption for Fig 2, second line, “Points the in gray. . .” needs correction
This has been corrected.

(18) Figure 3. As commented above the difference is considerably more than 1s-1 quoted in the
text (seems to be 2-5 s-1 depending on time of day). Suggest reversing the order of the legend.
At present the measurement is at the bottom, with Inorganics at the top, whereas the figure is
measurement at the top, and Inorganic at the bottom.

See response to comment 10. The figure has been remade as suggested.

(19) Figure 4. Given the text gives the slopes at 1.43 and 1.22 (note inconsistency with page 13),
the equation given on the figure needs to reflect this quoted accuracy. What does “weighted by
uncertainty” mean?

The figure has been remade as suggested. The uncertainty in OH reactivity measurements
(20%) and in the model (20%, based on the uncertainty in isoprene measurements) is
noted in the manuscript. References for linear regression given uncorrelated errors are
provided.

(20) Figure 6. See comments above about the degree of overlap in T for the solid and dashed
lines. What is the value of Greek alpha for each?

See response to comment 9. DiCarlo et al. (2004) provide only a B value in the text of
their manuscript, and we can therefore not provide an a value. The data shown here was
taken from Figure 2 of their manuscript and replotted.



Referee #2

The main thrust of the paper is that the modeled reactivity agrees well with the measured
reactivity when constrained to measured OVOCs and that primary emissions dominate the OH
reactivity at this site, in contrast to previous studies in similar environments. However this
conclusion is not highlighted clearly enough in the paper and the authors attempt to extend this
conclusion to our understanding of RO2 production and O3 production without providing
sufficient modeling studies to support this conclusion. The fact that the model significantly
overestimates the measured OVOCs suggests that our understanding of RO2 chemistry and O3
production is still incomplete.

Unfortunately, there is little discussion as to potential reasons why the model significantly
overestimates the observed OVOCs, although the paper mentions that uncertainties associated
with modeled dilution rates of these species may be responsible. The paper would benefit from
an expanded discussion of potential reasons for the model overprediction of OVOCs and their
implications.

Because other manuscripts focus on OVOCs (Su et al., 2015; Xiong et al., 2015) and on
the HOx budget (Feiner et al., 2016), we specifically focus only on OH reactivity given a
well constrained model. OH reactivity inherently has implications for RO, production,
which are briefly discussed but not the major focus of this paper. The largest uncertainty
influencing OVOC concentrations is dilution, which is discussed in depth in the
supplement.

Specific comments:

1) As discussed above, a main conclusion of the paper appears to be that because the modeled
OH reactivity (constrained to the OVOCSs) agrees well with the measured OH reactivity that the
total RO2 production rate and therefore O3 production is well understood (page 9 lines 10-11).

As stated by the manuscript title, the focus of this work is on the speciation of measured
and modeled OH reactivity. The extension to RO, production (and SOA formation) is an
implication that is derived from this work, but it is not the main focus. Our abstract has
been rewritten to better reflect our primary focus and summarize our findings.

However, the fact that the model overestimates isoprene oxidation products and other OVOCs
suggests that when the model is not constrained to measurements of these compounds that the
model may not be able to reproduce total RO2 production, as many of these OVOCs are
produced from RO2/HO2 chemistry, such as ISOPOOH and HPALD. The authors need to
provide more information to justify this conclusion.

It is true that when the model is not constrained to measured OVOCs that RO,
production is likely represented less accurately. However, because these measurements
are available, we are able to better constrain our model. As a well constrained model can
capture OH reactivity, then the essential RO, production rate (essentially given by the



OH + VOC reaction rate) is likely also captured in this scenario. We do not imply that an
unconstrained model would accurately capture the RO, production rate.

2) One test of the ability of the model to reproduce the observed OH reactivity would be to
unconstrain the model to the measured OH and the measured OVOCs. It’s not clear from the
information given in the paper whether unconstraining the model to the measured OH impacts
the modeled OH reactivity as the paper does not state how well the model is able to reproduce
the measured OH when constrained to the measured species, or how sensitive the modeled OH
reactivity is to the OH concentration. The paper would be stronger if the authors provided several
model scenarios to compare to the measured OH reactivity, such as i) a base scenario where the
model is constrained only by the traditional measured VOCs, NOX, etc., ii) a scenario where the
model is further constrained by the measured OH but not constrained by the measured OVOCs,
and iii) the scenario where the model is constrained by all measured species.

One of the primary goals of this manuscript is to determine if there is a large source of
missing reactive carbon in our set of measured and modeled species. We therefore focus
on the ability of a well-constrained model to capture OH reactivity, and if not, on
potential sources of discrepancies. For this reason, we constrain to measurements
whenever possible. This includes constraining to measured OH.

A manuscript comparing measured and modeled OH and HO, has recently been
submitted to J. Atmos. Sci. (Feiner et al. 2016). Slightly different model configurations
and selection of days results in a small difference between studies, but the results are
similar to ours (see below). Because measured and modeled OH and HO, are in good
agreement, and because measured species contribute most substantially to OH reactivity,
constraining these radicals has minimal impact on OH reactivity. We direct the reader to
the Feiner et al. manuscript for a more complete discussion of radical chemistry.

3) It is surprising that the authors chose to constrain the model to the measured OH but not to the
measured HO,, given the importance of peroxy radical chemistry to the formation of OVOCs
such as ISOPOOH and HPALD. Were HO, measurements not available?

We did not constrain our model HO, measurements due to the higher than typical
uncertainty (+40% at 2c confidence level) stemming from the methods used to suppress
the RO, interferences.

Does constraining the model to the measured OH reproduce the measured HO2? Or does this
model scenario overestimate HO2 leading to the overestimation of the observed OVOCs? If the
model is constrained to both measured OH and HOZ2, are the modeled OVOCs in better
agreement with the measurements? These and other tests of the model would provide important
information regarding the reasons for the model’s inability to reproduce the observed OVOCs.

Shown below are our model results for OH and HO; as well as the results those of Feiner
et al. (2016). Measured and modeled OH and HO, are in good agreement and have
minimal impact on OVOC concentrations. As other studies have focused on the



measured/modeled agreement of OVOCs, we focus instead on an OVOC-constrained
model to examine OH reactivity. However, we now show our results in the supplement.

It is important to note that compared to the effects of constraining/not constraining HOx,
the range of dilution scenarios shown in the supplement is by far the largest source of
uncertainty in modeled OVOC concentrations. OVOCs are highly sensitive to the
assumed magnitude and diurnal variability of the dilution rate, which is typically not well
parameterized in 0-D box models.
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Figure 1. Model results of constraining or calculating OVOCs and HOx on OH reactivity, HOx,
and specified OVOCs. Error bars on the measurement represent 1o diurnal variability. All
scenarios use a constant dilution rate of 4 day™.
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Figure 2. HOx budget as studied by Feiner et al. (2016).
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