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We would like to thank Dr Jenkin for the helpful review that will enable us to improve
our manuscript; our responses to the review points and comments are found below.

Review Point 1: Given that some inventory speciations contain several hundred VOCs
for typical urban sources, it could be argued that this is already a substantially lumped
representation — or maybe more correctly an incomplete speciation, as it is based on
reported measurements of a subset of species (although probably the generally more
important ones). As a result, the reference MCM simulations are themselves already
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a reduction, using only a subset of the mechanism. The numbers of species and re-
actions listed for MCM v3.2 and MCM v3.1 (and CRI v2) in Table 1 should therefore
probably more correctly correspond to the VOC speciation, as many species in the
complete mechanisms are not participating in the chemistry. These can be obtained
using the subset mechanism assembling facilities at the relevant MCM and CRI web-
sites (see end of review). If the authors also wish to keep the existing full mechanism
numbers, the subset numbers could be included in a footnote.

Author Response: We agree with Dr Jenkin that it would be more complete stating the
number of organic reactions used in our study for each mechanism listed in Table 1.
We have updated Section 2.1 (page 12395, line 10) of the manuscript stating : We
used a subset of each chemical mechanism containing all the reactions needed to fully
describe the degradation of the VOC in Table 2.

Accordingly, we have updated Table 1 in the manuscript with the number of organic
species and reactions need to fully describe the degradation of the VOC used in the
study for each mechanism. We have retained the information on the total number
of organic reactions in each mechanism by updating the mechanism description in
Section 2.1 to include this information.

Review Point 2: On page 12400 (line 12) the high Ox formation from propane degra-
dation in RACM2 is attributed to the mechanism species HC3 producing about 17
times the amount of acetaldehyde that is produced from propane in MCM v3.2. This
high ratio arises because acetaldehyde is not a significant first generation product
of propane degradation, and therefore not formed in MCM v3.2 until the second-
generation chemistry (specifically the further oxidation of the relatively minor prod-
uct, propanal). Acetaldehyde is therefore formed in RACM2 instead of other prod-
ucts formed in MCM v3.2 (mainly acetone, and some propanal). Acetone, has a
low OH reactivity (and photolysis rate) and is not significantly oxidised on the sev-
eral day timescale of these calculations, thereby largely halting Ox formation after the
first-generation chemistry. | suggest it is therefore the failure of RACM2 to represent
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the high yield of an unreactive product that results in its overestimate in Ox. Although
the high relative formation of acetaldehyde on day 1 with RACM2 and MCM v3.2 is one
consequence of this, it is not itself the source of the Ox overestimate with RACM2.

Author Response: We would first like to thank Dr Jenkin for further insight into the
differences in Ox production between RADM2 and MCM v3.2. As Dr Jenkin suggests,
the yield of the less reactive ketone products during propane degradation is lower than
in the MCM v3.2. We have updated Section 3.1 of the manuscript (page 12400, line
11) as follows: Propane is represented as HC3 in RADMZ2 (Stockwell et al., 1990)
and the degradation of HC3 has a lower yield of the less reactive ketones compared
to the MCM. The further degradation of ketones hinders Ox production due to the
low OH reactivity and photolysis rate of ketones. Secondary degradation of HC3 pro-
ceeds through the degradation of acetaldehyde (CHs CHO) propogating Ox production
through the reactions of CH3;COs; and CH302 with NO. Thus the lower ketone yields
leads to increased Ox production from propane degradation in RADMZ2 compared to
the MCM v3.2.

Section 3.2.2 (page 124083, line 26) was also updated as follows: The secondary chem-
istry of HC3 is tailored to produce O, from these different VOC and differs from alkane
degradation in the MCM v3.2 by producing less ketones in RADM2.

Review Point 2-Cont: On page 12402 (line 28), where the second day maximum in Ox
from toluene degradation with RACM2 and CRI v2 is attributed to "..increased C2H502
production from degradation of unsaturated dicarbonyls; C2H502 is not produced dur-
ing degradation of unsaturated dicarbonyls in the MCM v3.2.” | am particularly familiar
with CRI v2, and | agree that a likely contributor to the discrepancy is that the forma-
tion of the (relatively reactive) unsaturated dicarbonyls (UDCARB8 and UDCARB11)
is too efficient. C2H502 is indeed used as a representative peroxy radical, formed
from one channel of the oxidation of UDCARBS - this being the surrogate for butene-
dial (MALDIAL) in MCM v3.2. However, MALDIAL is also oxidised to peroxy radicals
(MALDIALO2 and MALDIALCO3) in MCM v3.2, with the fraction not leading to anhy-
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dride formation being represented by C2H502 in CRI v2. | therefore do not think this is
an unreasonable assignment (note that contributions of MALDIALO2 + NO and MAL-
DIALCOS + NO are probably hidden within the large “production others” category for
MCM v3.2). It is more that the formation of the unsaturated dicarbonyls is too efficient
in CRI v2, and that their degradation produces Ox, regardless of which peroxy radicals
are used as representatives. Although the fluxes through the reactions of NO with the
specific peroxy radicals (C2H502 from UDCARB8 and RN1002 from UDCARB11) are
how this is quantified in the present study, | think that highlighting increased production
of C2H502 as the sole specific cause is not particularly instructive, as it is once again
a consequence of the real cause.

Author Response: Again, we would like to thank Dr Jenkin for his insight into the
approach of toluene degradation in CRI v2. Based on this insight, we have revised
Section 3.2.1 (page 12402, line 29) of the manuscript (third paragraph from the end of
the Section) to: The second day maximum of O, production in CRI v2 and RACM2 from
toluene degradation results from more efficient production of unsaturated dicarbonyls
than the MCM v3.2. The degradation of unsaturated dicarbonyls produces peroxy
radicals such as CyHs O, which promote O, production via reactions with NO.

Minor Comments 1: General "Volatile organic compounds” seems to be abbreviated
as either "VOC” or "VOCs” at different points in the manuscript. Given that the original
definition on line 3 of the Introduction is "VOCs”, | would suggest using this consistently
throughout, unless talking about an individual VOC.

Author Response: We have corrected the manuscript to defined volatile organic com-
pounds as VOC (page 12390, line 22), and updated the manuscript to use this acronym
consistently. Changes were made to page 12391, line 22; page 12397 lines 3 and 10;
and to the caption of Table 3.

Minor Comments 2: Page 12391, line 22: perhaps it should be stated that VOCs are
oxidised mainly by reaction with the OH radical, to acknowledge the existence of other
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initiation pathways.

Minor Comments 3: Page 12392: perhaps it should be clarified that Reaction (R4)
specifically illustrates the abstraction of H from a VOC by reaction with OH, as occurs
exclusively for alkanes. The main routes for the reactions of OH with alkenes and
aromatics proceed by OH addition.

Author Response to Minor Comments 2 and 3: We have updated page 12391, line
22 to: VOC (RH) are mainly oxidised in the troposphere by the hydoxyl radical (OH)
forming peroxy radicals (RO.) in the presence of O,. For example, (Reaction R4)
describes the OH-oxidation of alkanes proceeding though abstraction of an H from the
alkane. In high-NO,, conditions,

Minor Comments 4: Page 12394, line 13: As stated, the full CRI v2 does lump degra-
dation products into common representatives. Although not used in the present study,
its further reduced variants (e.g. CRI v2-R5) also lump emitted VOCs using POCP as
a criterion (Watson et al., 2008), so that they are subsets of the full mechanism. As
indicated in comment 1 above, the present work also uses a subset of the full mech-
anism, so I'm not sure that use of the "full CRI” can be claimed on page 12395, line
19.

Author Response: Our subset of the CRI v2 was taken from the full CRI not any of
the reduced variants of the CRI that use further reduction techniques as described in
Watson et al. (2008). We have updated page 12395, line 19 as follows: The CRI v2
is available in more than one reduced variant, described in Watson et al. (2008). We
used a subset of the full version of the CRI v2 (http:// mcm.leeds.ac.uk/ CRI).

Minor Comments 5: Page 12398, line 9: The use of a family of Ox species is a sen-
sible approach. However, it might be worth giving a formal definition of "other species
involved in fast cycling with NO2”, as those shown have a wide range of cycling life-
times. Are PANs sufficiently short-lived?
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Author Response: In our study, we simulate the conditions within the planetary bound-
ary layer thus PAN chemistry is dominated by its production and thermal decomposi-
tion. Ox budgets when not including PAN as part of the Ox family are thus dominated by
these cycles of PAN formation and thermal decompostion. For this reason we include
PANs as part of the Ox family.

Other Comments 1: Page 12395, lines 13-22: MCM v3.2 is used as the reference
mechanism in this study, with MCM v3.1 also considered for completeness, because it
was the reference for the original development of CRI v2 (Jenkin et al., 2008). Because
an overview description of MCM v3.2 has never been published in the open literature,
| provide here a short summary of the updates. This is mainly for information, and not
necessarily for reproduction in the paper, unless deemed helpful by the authors.

Because there is no overview publication, the authors have used the citation "Rickard
et al. (2015)” for the MCM v3.2 website. | suggest the author list of this citation is
expanded to include those listed as "current contributors” on the citation tab of the
MCM v3.2 website (http://mcm.leeds.ac.uk/MCMv3.2/contributors.htt).

Author Response: We would like to thank Dr Jenkin for providing the updates from
the MCM v3.1 to MCM v3.2, and we shall update the reference to the MCM v3.2 to
(Rickard et al., 2015) including those listed as current contributors to the MCM v3.2.

Other Comments 2: | note from the response to another reviewer (Coates and Butler,
Atmos. Chem. Phys. Discuss., 15, C3816, 2015) that the authors are proposing to in-
clude references to the studies of Bloss et al. (2005) and Pinho et al. (2005) to illustrate
that the MCM has had difficulties in reproducing the results of chamber studies for aro-
matic VOCs and isoprene. Whilst | agree with this for aromatics, the main conclusion of
Pinho et al. (2005) was that the MCM v3 isoprene scheme (written in 2001) performed
very well. The major factor responsible for deviations in performance of the MCM v3
scheme from the SAPRC chamber data was the absence of the reaction of O(3P) with
isoprene in MCM v3, this reaction being insignificant under atmospheric conditions. A
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number of other less important refinements were also identified by Pinho et al. (2005),
and these were all implemented long before release of MCM v3.2 in 2011. | there-
fore think it is misleading to report that the MCM has had difficulties in reproducing the
results of traditional chamber studies for isoprene.

Author Response: Based upon the comments of Dr Jenkin, we shall not include the
Pinho et al. (2005) study as an example of the MCM having difficulties reproducing
chamber study results. We have updated page 12395, line 15 of the manuscript ac-
cordingly: The MCM v3.2 is the reference mechanism in this study due to its level of
detail (16 349 organic reactions). Despite this level of detail, the MCM had difficulties in
reproducing the results of chamber study experiments involving aromatic VOC (Bloss
et al., 2005).
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