We thank Sanford Sillman for his efforts in reading the manuscript and offering
comments to help us improve it. We have made several corrections; a list of detailed

answers to each comment is given below.
1 General comment

Comment: The paper investigates the ratio ZkogHC/konNOy as an indicator for the
sensitivity of the ozone production rate (P(O3)) to HC and NOy. This is one of the
most useful of the measurement-based approaches to the problem of evaluating
03-HC-NOy sensitivity and deserves to be most widely known. In particular, the ratio
>konHC/koaNOy appears to be a robust indicator for P(O3), whereas the simpler ratio
YHC/NOy, which is widely used by regulatory agencies, is only valid for a few
specific urban situations. This paper presents useful and interesting results, especially
with regard to robustness, and includes calculations for widely different situations. I
recommend publication.

I believe the paper can be strengthened if the authors show some comparisons with
previous results for the ratio XkoyHC/kogNOy. These are useful because they would
show that the ratio behaves similarly in many diverse situations.

I think that the quality of writing needs to be improved. The paper is difficult to read
and will be especially difficult for readers who are not already familiar with the topic.
I suggest that the authors revise the paper for clarity. The paper also contains many
errors in the use of English language, which make it more difficult to understand. I
urge the authors to do careful editing of the final version to improve this.

Response: Thanks for your sincere comments. According to your comments, we have
reorganized and revised our paper for clarity and consistency. We have added some
comparisons with previous results for the indicator (Tonnesen et al., 2000; Frank et al.,
2001; Kanaya et al., 2002c; Kleinman et al., 2005). In the model calculations, the
values of @ are incorrect (CO is absent in calculating L(HC)). We are very sorry for
this error. The relevant contents and figures have been corrected (Fig. 3~Fig. 9; Fig.

13).

2 Specific comments



Comment: 1. It would be very useful to compare the results shown here with
Kleinman et al., 2005, Figure 14 (attached). Kleinman et al. did 0-d calculations
similar to the calculations in this paper, based on measurements in five cities in the
U.S. Their Figure 14 shows P(O;) versus XkogHC/NOy. The maximum P(Os3)
(equivalent to @&,, in this paper) occurs when XkogHC/NO=1 sec 'ppb !
(approximately). This is equivalent to @,,, =4, and is not inconsistent with the value
found in this paper (D,,, =7 +/-3).

The comparison with Kleinman et al., 2005 is useful because Kleinman et al. also
show how XkogHC/NOy compares with their Ln/Q. The Ln/Q is advantageous because
it is directly linked to chemistry. More generally, the comparison would help to
establish that results are similar for a wide range of conditions.

Response: A comparison with Kleinman et al., 2005 is now included in the revised
manuscript.

Comment: 2. Similarly, it would be useful to give exact comparisons between the
D, reported here and the equivalent values from Tonnesen et al. (2000) and Frank et
al. (2001). The text states that the results here agree with the conclusion in Tonnesen
et al. and Frank et al. (p. 10562, line 23). It would be useful to report the exact values
from those papers (and uncertainty ranges) to show how they compare for @.
Response: Exact comparisons between the value of @,y reported here and the
equivalent values from Tonnesen et al. (2000), Frank et al. (2001) and Kleinman et al.
(2005) have been added in the revised manuscript. In addition, comparisons between
the value of @ at the third border and the equivalent values from (Frank et al., 2001)
and (Kanaya et al., 2002¢) have also been added in the revised paper.

Comment: 3. The description of the four chemical regimes should be presented more
clearly. The four regimes are first introduced on p. 10555 (line 21), but it is not
immediately clear what these regimes are. A clear definition only appears in Section
4.2.

The text should begin with a statement that the authors are identifying four regimes
with different P(O3)-NOx-HC sensitivity. It probably would be useful to define the

regimes in terms of P(O3)-NOx-HC behavior, rather than in terms of detailed



chemistry as on p.10555-10556. The definition should be given before the regimes are
used in discussion.

Response: According to your sincere comments, we have reorganized and revised our
paper for clarity and consistency.

Comment: 4. Also with regard to regimes: The distinction between Regime I versus
Regime II and between Regime III and Regime IV are unclear. Are these regimes
defined based on the response of P(O3) to NOx and HC (as discussed in Section 4.2)?
Or are the regimes defined by the relative strength of different chemical reactions, as
on p. 105557

My interpretation is that Regime I is defined by an almost-linear increase in P(O3)
with increasing HC and an almost linear decrease in P(Os3) with increasing NO.
Regime II is defined by a less-than-linear increase with HC and a less-than-linear
decrease with NOy. Regime III is defined by less-than-linear increases with both HC
and NOy, and Regime IV is defined by a near-linear increase with NOy and no
increase with increasing HC. If this is correct, it may help to state it directly.
Response: Thanks very much for your advice. The four regimes are defined based on
the response of P(O3) to NOy and HC. We are very sorry for our troubled expressions.
We have corrected the relevant contents in our revised paper.

Comment: 5. The description of chemistry (p. 10555-10556) is confusing and
contradicts some previous analyses.

Here, the text refers to competition between OH+HC and OH+NO, (p. 10555, line 22,
p. 10556, line 8) as a major factor in determining the behavior of the system. If this
competition is important it would provide a direct rationale for the ratio @ as an
indicator for sensitivity to NOx and HC. However it is not clear whether this
competition has a direct impact on sensitivity.

By contrast: Kleinman et al., 1997 and Sillman, 1995, the most important feature of
chemistry is the indirect competition between OH+NO, and HO,+HO,/RO; as sinks
for odd hydrogen radicals. There is also influence OH+HC and HO,+NO, which
largely determine the HO,/OH ratio. These results were based on mathematical

derivations for a simplified system, and may be more valid as an explanation.



Response: It is true that the character of P(Os) sensitivity relies on the indirect
competition between OH+NO, and HO,+HO,/RO; as sinks for odd hydrogen radicals.
We have rewritten this part and added relevant discussions in our revised paper.
Comment: 6. Also on chemistry: results from Sillman (1995) may be useful in
explaining the behavior found here. Sillman found that the transition from
NOx-sensitive to HC-sensitive conditions is in theory linked to XkopHC/NO.
Specifically, the transition should occur when

2 kogHC/NOy = k P(O3)/(SH-Ppan)

where SH is the radical source (=Q in Kleinman et al., 2007).

This was a result ‘in theory’ based on simplified chemistry. Here, results (p. 10564,
line 5, and Figures 7-8) based on detailed calculations show that &,,, decreases when
factors related to SH are increased. The simplified solution from Sillman (1995) may
provide an explanation. As above, this explanation is driven by the competition
between sinks for odd hydrogen radicals (as in Ln/Q) and the HO,/OH ratio.
Response: Thanks very much for your advice. It is a very good explanation for our
model results. In the revised paper, we have used the theory results from Sillman
(1995) and Thornton (2002) to explain the model results more reasonably.

Comment: 7. Some additional details are needed in the model description (Section 3).
How is the sensitivity of P(O3) to NOx and HC (Figures 4 and 5) calculated? Is this
based on repeat calculations of P(O;) with a small change in NOy or HC? The text
(p.10561, line 11) only says that sensitivity was calculated. Please state exactly how
the calculation is done.

The text (p. 10562, line 8) refers to calculations for dInP(O;)/dIn[NO] and
dInP(0O3)/dIn[HC] based on Equations (1) and (2). This is unusual because Equations
(1) and (2) represent an attempt to estimate dInP(O3)/dIn[NO] and dInP(O3)/ dIn[HC]
based on parameters (Lx and Q) that might be estimated from measurements. In a
model calculation it is appropriate to calculate these by repeating the calculation with
a small change in NOy or HC. It is true that Kleinman’s formula (Equations 1 and 2)
appear to work very well as an approximation to model values, but it is somewhat

unusual to use this when model results are available.



How the concentrations of unmeasured ‘intermediate’ organics are set (MGLY,
MACR, PAN)? Are these initially set at 0 and allowed to increase with time? Do they
change in calculations with changed NOy and HC for the sensitivity calculations?
Response: The details have been added accordingly (Section 3). We are sorry for the
inattention.

The sensitivity of P(O3) to NOx and HC is calculated using Kleinman’s formulas. The
concentrations of peroxy radicals used in the calculations are from the model results.
Yes, it is true. We fully agree with your opinion about model calculations of P(O3)
sensitivity. However, the results from Kleinman’s formulas are found to be in good
agreement with the model values. The use of the analytic formula is helpful for us to
understand the relationship between our indicator and the parameter Ly/Q which is
directly linked to chemistry.

Those unmeasured oxygenated hydrocarbon species (MGLY, PAN) are initially set at
zero when each calculation is started and are allowed to accumulate with time
integration. MACR concentration is constrained to the observed value. The same
process is done in calculations with changed NOyx and HC for the sensitivity
calculations.

Comment: 8. The results in section 4.4 (Figure 10) comparing measured versus
model P(Os3)): It would be useful to briefly refer to the many similar studies that have
evaluated model vs. measured P(O3) or HO,, for example: Ren et al., 2008, Shirley et
al., 2006, Thornton et al. (2002).

Also, on p. 10566, line 12: “The model tends to underestimate P(O3;) when P(O5) is
greatly sensitive to HC. It indicates an important source of RO, radicals from
BVOC”.

Why does this need to be BVOC? The underestimate could be due to biogenic VOC
(consistent with Qi et al., 2007) but it could also be due to underestimated RO, from
anthropogenic VOC, or from unmeasured VOC.

Response: The relevant comparisons with the results from (Tan et al, 2001; Martinez
et al, 2003; Ren et al, 2005) have been added in the review paper.

The conclusion about the missed source of RO, radicals is inaccurate. The relevant



contents have corrected.
3. Technical corrections

Comment: p. 10553, line 24: “The relative sensitivity of P(O3) to NO and HC,
dInP(03)/dIn[NO] versus dInP(O;)/dIn[HC], which are defined as... ”. “defined” is
incorrect. Equations (1) and (2) are derived from chemistry. It should be: “The
relative sensitivity of P(O;) to NO and HC, dInP(O;3)/dIn[NO] versus
dInP(O3)/dIn[HC], were found to be equal to... ”

Response: We have corrected the relevant contents.

Comment: p. 10555, line 17: Monte Caro -> Monte Carlo

Response: The word has been corrected.

Comment: p. 10557, line 26: Furth more -> Furthermore

Response: The word has been corrected.

Comment: p. 10560, line 29: rang -> range p. 10562 line 23: during our observation
Response: The relevant contents have been corrected.

Comment: p. 10566, line 13: photochemistry -> photolysis. (Photochemistry refers to
all chemistry under the influence of light, not just the photolysis reactions.)

Response: The word has been corrected.

Comment: p. 10563: frequent use of abbreviations for chemical species (ISO, ALD,
TOL, MACR). The species names should be stated explicitly.

Response: The relevant contents have been corrected.

Comment: p. 10563, line 26: “MACR from the sea”. Methacrolein (MACR) is
usually produced from the reaction of isoprene with OH and subsequent reactions.
Response: The relevant contents have been corrected.

Old version: “Thus, BVOCs (ISO and monoterpenes) emitted from local plants will
increase the value of @,,, but TOL from anthropogenic and MACR from the sea will
reduce @,,,, implying that the local @,,, is higher than those in low BVOCs and more
polluted environments”

New version: “Clearly, ISO and its oxidation product MACR show adverse effect on

@,,i, which ensures a relatively constant value of @,,, under conditions with elevated



ISO concentration on September 18. However, TOL from anthropogenic can greatly
reduce @,,;, implying that local @,,, is higher than it in more polluted environments.”
Comment: p. 10565, line 9: “Form” -> From.

Response: The word has been corrected.

Comment: Reference to Ren et al., 1987 is incorrect. The reference should be Trainer
et al.

Response: The reference has been corrected.

Comment: Figure 9 caption: What are the green and blue lines? The caption should
say.

Response: The relevant expression has been added.

Old version: “Fig. 9. Dependence of @,,, and the maximum P(O3) (P(O3)max)on
different NO/NO, ratio.”

New version: “Fig. 9. Dependence of @, (blue circle) and P(O3)max (green triangle)
on different NO/NO, ratio.”

Comment: Language issues: There are errors in English usage and grammar
throughout the paper. Some examples: p. 10556, line 10, p. 10567, line 26; p. 10570,
line 12, and the title (basing” should be “based”).

Response: We have improved the English expression and corrected the errors in

English usage and grammar. The relevant errors have been corrected in the review

paper.



