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of OH reactivity during INTEX-B” by J. Mao et al.

J. Mao et al.

Received and published: 17 October 2008

We are very grateful for the detailed and insightful comments made by this referee. We
have the following responses to the referee’s comments.

Referee specific comment:  Abstract should contain information on which geographi-
cal region the measurements were made in.

Response: We have revised the text in the abstract: " ... during the second phase of
Intercontinental Chemical Transport Experiment-B (INTEX-B) campaign, which was fo-
cused on the Asian pollution outflow over pacific and was based in Hawaii and Alaska."

Referee specific comment:  Outliers in the decay could also be caused by fast chang-
ing drifts in laser power or wavelength, were these ruled out (photodiode or reference
cell measurments to check this).

Response: It is unlikely that these outliers are caused by fast changing drifts in
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laser power and wavelength. The laser system was shared with our HO,. instrument
(ATHOS). We used a splitter to get a laser beam from the laser system for our OH
reactivity instrument. We have developed a solid automated optical system to lock the
laser wavelength at the OH excitation line using the reference cell signal during flight.
Meanwhile, we used a photodiode to monitor the laser power at the laser output of the
detection cell. Signals have been normalized by the measured laser power. So the fast
changing in laser power and wavelength have been ruled out.

Referee specific comment: The flow is close to laminar, and theory is used to suggest
the type of radial flow velocity profile in the flowtube. Is there experimental evidence
to support this? e.g. from radial profiles for long-lived gases injected from the injector
and mixing with the main flow?

Response: Yes, we measured the radial profile in the laboratory by a hotwire
anemometer and it supports the theory.

Referee specific comment:  The section on possible interference from the HO,+NO
reaction needs further detail. does not make much OH in the flow tube. What does
much mean?It is crucial to understand any recycling from this reaction, and so some
numbers need to be given as to the effect of this reaction, even if it is very small. What
is the (small) error by not correcting for it?

Response: Under typical conditions in flights with a typical NO of 100pptv in the sam-
ple air, HO, of 100pptv in the flowtube , the reaction coefficient of 3.5x10~'2 c¢cm3
moldcule~! s—! at 298 K, the reaction time of about 0.2 s, the maximum generated
OH is about 0.4 ppt from this reaction. For a typical remote atmosphere, OH reactiv-
ity=5 s~!,OHy=100pptv, OH at the last step after 0.2s is about 38 pptv. Typically, the
correction would be about 10% when NO is 1 ppbv at the ground. We have revised this
paragraph as "In regions where NO levels are greater than a few ppbv, the OH decay
can be affected by the reaction of HO; + NO — OH + NO,, inside the flow tube (Kovacs
et al., 2003). The observed upward curvature in the decay curve can be corrected if
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HO- decays are also measured and this correction is accurate even with NO is 100
ppbv (Shirley et al., 2006). When NO is 2.5x10'° cm—2 (1 ppbv at the ground), the
calculated decay is about 10% less than the actual decay. However, during the second
phase of INTEX-B, the NO was less than 10° cm—2 for all but a few measurements. As
a result, the error in these INTEX-B measurements is at most a few percent.”

Referee specific comment: It is very difficult to get very clean carrier gases (or to
scrub them sufficiently at the large flow rates needed) and so impurities and hence OH
reactivity from impurities is inevitable. The alternative way to get the wall loss rate, by
subtracting the calculated reactivity from the measured value in clean ambient air,does
have problems if there are unknown OH sinks in the -clean air-. As shown in this work,
even in the clean Pacific, there are considerable unmeasured OH sinks (at least at low
altitude), and so using this air for calibration of the wall loss with altitude is not ideal.

Response: We agree with the referee that there might have impurities in the clean
air, but we believe that under certain conditions the air at high altitude over Pacific
Ocean is clean enough to act as the clean carrier gas. The large deviation between
measured and calculated OH reactivity is occurring at lower atltitudes. This calibration
is also based on the theory that wall loss is independent of flow tube pressure. So
we basically use the ambient measurements at high altitude as wall loss (ambient OH
reactivity measurements decrease as altitude increases). This has been clarified in
the revised paper (P14225 Line9) as "...Under certain conditions the air at high altitude
over Pacific ocean is clean enough to act as the clean carrier gas and the wall loss is
independent of flow tube pressure, The lowest values at high altitudes will be the wall
loss."

Referee specific comment: There is another method to calculate the OH reactivity
which is mentioned briefly later, which is to use a detailed model to calculate not only
the OH reactivity from measured sinks, but also the OH reactivity from additional sinks
generated from the oxidation of these primary sinks (i.e. intermediates and end prod-
ucts). However, the rate coefficient or OH + these species is often not known. It would
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appear the inclusion of the intermediates and end products does not make a significant
difference to the OH loss rate in this study, but this is only covered briefly and should
perhaps be expanded upon.

Response: Since we include the measurements of several intermediates in our calcu-
lation, such as HCHO, H,0,, CH300H, acetaldehyde, propanal, methanol, ethanal,
acetone, the level of other intermediates in the model is pretty low with regards to the
extremely low VOC level (isoprene<50pptv most the time). This has been clarified in
the revised paper (P14231 Line8) as "...Quite a few intermediate and end products, in-
cluding HCHO, H,05, CH3O0H, acetaldehyde, propanal, methanol, ethanol, acetone,
have been measured and constrained in the box model. Therefore the oxidation prod-
ucts generated in the model other than these species have fairly small contribution to
OH reactivity considering the low VOC level...".

Referee specific comment: Why does the concentration of reactants decrease by 10-
15% in the flowtube? Is this because of removal by OH or other physical mechanisms,
or due to dilution as gas is added via the injector?

Response: It is due to the dilution of the sample air by the flow coming out of the injec-
tor. It has been clarified in the revised paper (P14228, Linel5) "...due to the dilution of
the sample air by the flow coming out of the injector".

Referee specific comment: If the air warms by 50 degrees, does this have any im-
pact on some sinks that could decompose between the inlet entrance and when OH
is added to the airflow? If the decomposition products react differently to the initial
molecule this could have an effect. This would depend on the transit time.

Response: The biggest temperature difference happened when the aircraft was either
in the upper troposphere or lower stratosphere (UT/LS). There are two species we can
think of that decompose in these regions: HOsNO- and PAN. From their measured
values in the upper troposphere, the maximum NO, they can produce is about 300
pptv, which will contribute about 0.02~0.03 s~!(their concentrations are much smaller
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in the UT/LS). In the lower troposphere, the temperature rise in the inlet was not large
and the concentrations of these two species are much smaller (Kim et al., 2007;Singh
et al., 2007). So, for the second phase of INTEX-B, thermal decomposition of these
two constituents do not contribute significantly to the OH reactivity.

Referee specific comment: Near the ocean surface the presence of BrO and 10 could
have an effect on HO. (especially) and OH radical concentrations. Reaction of HO,
with these species recycles OH (after photolysis of the formed HOI or HOBr). (Read
et al Nature, June 2008). Is an influence of halogen chemistry likely to alter the model-
measurement comparisons for OH or HO, or the major conclusions of the paper for
the lowest altitude?

Response: BrO (or 10) has similar behavior with NO regarding HO,, cycling. According
to their reaction coefficients, one BrO molecule is equivalent to three NO molecules.
The typical value of BrO or 10 is about 3 ppt or less (Read et al., 2008) in the marine
boundary layer, which is equal to about 10 pptv NO. This amount of BrO/IO will not
influence our OH reactivity measurements.

Referee specific comment: OVOCs have been shown to be more dominant than
NMHCs for OH removal in clean, marine environments from other studies and some
further references should be included.

Response: We added (Tan et al., 2001;Sommariva et al., 2006) as references to sup-
port our conclusions.

Referee specific comment: Figure 8 . Some comment on the variability of OH, HO»
and HCHO for these plots is needed. For a given altitude, were the measurements
made at a similar time of day, or quite different?

Response: These measurements were made at different times of the day. The details
of all flight design and deployment can be referred to Singh et al.(ACPD, Chemistry and
Transport of Pollution over the Gulf of Mexico and the Pacific: Spring 2006 INTEX-B
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Campaign Overview and First Results, in press, 2008). Because we constrained the
model with the measured J-values, the model calculations and measurements should
be comparable. The variability of OH, HO, and HCHO were mainly due to different
kinds of air masses the aircraft encountered. Some were from stratosphere intrusion;
some were from biomass burning; and some were from intercontinental transport. So
these give a variety of air masses and thus different kinds of HO,. sources, sinks, and
cycling.

Referee specific comment: There are typos in the paper, -the- is missing in line 3 of

the abstract for example, and in the first line after equation (1), so a careful check is
required.

Table 1. H,O5 and CH3OOH (rather than CH3COOH)

As colour is used, suggest in the captions for figure 2 and 7 that the colours are stated
together with the type of line and symbol for clarity.

Response: These have been corrected in the revised paper.
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