Response to Author Revisions

The authors have thoughtfully modified the manuscript to address many of the comments
received during the review. There remain three sections that should be addressed prior to
publication.

Page 11, Line 29

The authors have chosen to retain the ¢(CINO;) parameterization based on previous laboratory
results. The authors state that agreement of resulting simulated CINO; with WINTER
observations is in contrast with previous results (McDuffie et al., 2018a; Riedel et al., 2013;
Wagner et al., 2013), that have shown the Bertram and Thornton (2009) parameterization over-
predicts CINO; production. Two minor points, 1) the cited references report that the yield of
CINO; (¢(CINOy)) is over-predicted by the parameterization, not necessarily the absolute
amount of CINO3, 2) only McDuffie et al., 2018a (CINO; yields) should be cited here as McDuffie
et al., 2018b only reports y(N2Os) results from WINTER.

My bigger concern is that the authors have not sufficiently discussed the extent of the
disagreement that exists in the literature between field and laboratory-derived ¢(CINO)
results. | want to reiterate that while all laboratory-based studies have reported similar
parametrizations of ¢(CINO,) (Behnke et al., 1997; Bertram & Thornton, 2009; Roberts et al.,
2009; Ryder et al., 2015), every single field study has shown that this ¢(CINO,) parameterization
over-predicts $(CINO,) on ambient aerosol (see references in my initial review). There is
currently no consensus on the source of this disagreement. In this analysis, it remains
concerning that the authors have chosen to implement a parameterization that has been
repeatedly shown to disagree with field results, especially without providing sufficient
recognition of this disagreement or sufficient motivation for its inclusion.

Page 11, Line 33

The added discussion of Y(N20s) and ¢(CINO>) results from (McDuffie et al., 2018a; McDuffie et
al., 2018b) is useful here as these values were derived for the same campaign that is used to
evaluate the model performance here. First, it would be better, in my opinion, to recognize the
uncertainty in the y(N2Os) parameterization (as the authors have done), but then cite the
v(N20s) agreement between GEOS-Chem and the McDuffie et al. (2018b) box model that was
previously presented in Jaeglé et al. (2018). As the authors have noted in their response, the
v(N20s) parameterization is the same here in Jaeglé et al. (2018) (though the particle chloride
concentrations were calculated differently and Jaeglé et al. (2018)/Shah et al. (2018) also
updated the organic aerosol uptake coefficient), so the reported agreement in y(N2Os) could
help to validate the y(N,Os) calculation here.

My second comment is that the discussion of mixing state and chloride distributions
across different aerosol types does not explain the overestimation of y(N2Os) or ¢(CINO,) by
Bertram and Thornton (2009) parameterization that was reported by (McDuffie et al., 20183;
McDuffie et al., 2018b), nor does it help validate their use here. For instance, since the y(N20Os)
and ¢(CINO2) parameterizations do not explicitly account of organic aerosol concentrations,
7(N20s) and ¢(CINO;) would only be lower here relative to the McDuffie results if there were



additional organic-associated chloride that was not being accounted for in GEOS-Chem by the
assumption that chloride is only present in the SSA and SNA aerosol types. In addition, the
authors may be further complicating this discussion by introducing the concept of mixing state
because Bertram and Thornton (2009) explicitly state that their parameterization was ‘designed
to address an internally mixed particle population’ (granted, SNA particles are assumed
internally mixed in GEOS-Chem). Rather than discussing mixing state assumptions, | suggest
simply citing and Jaeglé et al. (2018) to validate the y(N.Os) parameterization as described
above.

Page 12, line 9 -

The discussion of the CINO; + CI" = Cl, reaction has greatly improved with the addition of the
sensitivity test where R7 is removed. May | also suggest citing Fickert et al. (1998), Schweitzer
et al. (1998), and Frenzel et al. (1998) who report CINO; uptake coefficients for similar reactions
with Br-and I that are ~ 2 orders of magnitude lower than coefficients presented in Roberts et
al. (2008). This could help to provide additional context for the magnitude of direct CINO>
uptake/reactions.

Minor Comments:

Page 7, line 7/8: Add reference to Roberts et al. (2008).

| would also suggest changing this sentence to: “The heterogeneous uptake of HOBr, HOCI, and
CINO3, and further aqueous-phase reaction with ClI has been shown to be pH-dependent, with
a higher efficiency in acidic solutions.

Page 7, line 8/9 -
Change to: “They are considered... , and the reaction of CINOx+ CI further requires pH < 2,
following laboratory results presented in Roberts et al. (2008).”

Page 9, line 25 -
remove the extra period at the end of the sentence.

Page 10, line 25 —
Change to: “...by an lodide, Time of Flight, Chemical lonization Mass Spectrometer (I'”TOF-CIMS).

Line 14 —
Suggest adding: “... is opposite of the trend expected from (R7), though there may be no trend
on sufficiently acidic (i.e., pH < 2) aerosol.
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