Author responses to reviewer comments on submission acp-2022-79 (‘Investigating the Global OH
Radical Distribution Using Steady-State Approximations and Satellite Data’) by Pimlott et al.

We would like to thank the reviewers for their useful feedback which will help us to improve our
manuscript. We have addressed the specific and general comments from both reviewers and updated
the manuscript accordingly. In the table below, we have provided our responses in black text and
provided the updated text for the revised manuscript in blue text (subject to edits).

Figures with letter captions e.g. Fig. A, refer to new figures being added into the revised manuscript.
Figures with letter captions starting with an S e.g. Fig. SA, refer to figures being added into the revised
supplementary material. Figures with number captions starting with R e.g. Fig. R1 refer to figures only
in this author response document. Line numbers refer to the original manuscript uploaded to ACP
Discussions.

Additional Revisions

In addition to comments from the two reviewers, we have also improved our manuscript in response
to other direct comments as summarised below:

Comment Response

The comment is to revise Eq. (4) (the | We have revised our simplified approximation (Eqg.

simplified steady state approximation for | (4)) to include this extra term.

OH) to account for water vapour as a sink of

0O(1D) as follows: In our region of interest (600 — 700 hPa) this has a
[OH] steaay state = small effect on our results. We have revised our

results and figures in the manuscript accordingly.

( 2j,k,[03][H,0] )

ky[Ny| + ks[0,] + ky[H,0] Closer to the surface (>800 hPa) this has improved
(k4[CH,) + kg[COY + kg[O5]) the agreement between S-SSA OH and TOMCAT OH
compared to that in the original manuscript.
However, we do not expect our simplified
approximation to capture the complex OH chemistry
at the surface. Therefore, we still focus on the mid-
tropospheric pressure region of 600 — 700 hPa.

The revision of the results and figures from the additional water vapour sink term and other minor
edits are not present in the tracked changes document for the revised manuscript.

Reviewer 1’s comments:

General Comments:

“While the authors do spend an appreciable amount of time evaluating the steady state
approximation, I'm still left wondering how useful this is in regions that have appreciable OH
production from NO. Buried in the supplement is a figure showing that in boreal winter, 2/3 or greater
of OH production is from the NO + HO2 term for most zonal bands in the northern hemisphere.
Omitting this from a steady state approximation would undoubtedly lead to incorrect OH values, or at
best, correct OH values but for the wrong reason. In comparisons between ATom observations and
both the ATom steady state OH and satellite steady state OH, there are multiple points where the
steady state approximation dramatically underestimates the observations by a factor of 3 or greater.
The reasons for these differences are not clearly articulated but are likely due to the omission of
production terms. There is still value in this approach, however, if the authors more clearly show where



secondary production from NO is important in the main text of the paper, and highlight regions where
the approximation is likely not to hold.”

Thank you for your comments, they are addressed by the specific responses below. In summary, we
have added a new section to the revised main manuscript, detailed in comment 11, to address
additional terms which could be added to the S-SSA e.g. the NO + HO; source term. We add a new
figure, Fig. B, to the revised main manuscript to highlight in which regions, the NO + HO; source term
has a large influence and also new supplement figures SC, SD and SE which show the impact of adding
the NO + HO; source term to the S-SSA for model and aircraft data.

Specific Comments:

Comment

Response

Paragraph starting on Line 166: Is
the simulation discussed in Monks
et al (2017) the same as that
discussed here? If not, are the two
simulations close enough to have
similar O3 and CO fields? Similarly,
when you say “TOMCAT has a
slightly  higher  global mean
tropospheric OH...” are you talking
about this simulation explicitly or
the one discussed in Monks et al?

The simulation discussed in Monks et al. (2017) is not the same as that
used in this study. The difference in model set-up, referring to emissions
used, is discussed in the previous paragraph (staring line 154). Although
the model is fundamentally very similar between the two simulations and
we would expect them to produce similar results, there have been a few
updates to the TOMCAT model between the Monks et al. (2017)
simulations and the ones used in this paper. The version of the model used
is more similar to that in Rowlinson et al. (2019), including an update to
the cloud field, replacing the climatological cloud fields with reanalyses
from ECMWF.

The paragraph starting on Line 166 has been re-written to include details
of the evaluation of OH made in the Rowlinson et al. (2019) which will be
more comparative to the simulation in this study. We have also updated
the text to make it clear which simulation we are referring to.

“Monks et al. (2017) and Rowlinson et al. (2019) have evaluated TOMCAT
OH compared to model and observational datasets for the year 2000. The
set-up for the simulations used in Rowlinson et al. (2019) is most similar to
that in this study, but broadly the simulation in Monks et al. (2017)
produces similar regional zonal OH values. TOMCAT OH in Rowlinson et al.
(2019) had an average global tropospheric concentration of 1.04 x10°
molecule cm?, which sits within a range from other studies e.g. 0.94 + 0.1
x10°® molecule cm™ from inferred OH observations from MCF by Prinn et
al. (2001), 1.08 + 0.6 x10° molecule cm™ from the POLARCAT Model
Intercomparison Project (POLMIP) and the multi-model mean of 1.11+0.2
x10°% molecule cm™ from 16 Atmospheric Chemistry and Climate Model
Intercomparison Project (ACCMIP) models (Naik et al., 2013). In terms of
vertical distribution, Monks et al. (2017) and Rowlinson et al. (2019) show
the maximum TOMCAT OH values to be between the surface and 750 hPa
near the equator. In comparison, Spivakovsky et al. (2000) (MCF method)
and the multi-model mean OH from ACCMIP (Naik et al., 2013) have peak
OH values higher up in the troposphere. Overall, in the mid-troposphere,
the primary focus in this study, Rowlinson et al. (2019) TOMCAT OH shows
comparable values across all the latitude regions in comparison with
Spivakovsky et al. (2000) and ACCMIP (Naik et al., 2013).“

Line 207: Please indicate the sign of
the bias (i.e. The satellite is high by

The bias is positive, with the satellite being larger by up to 20 %. This has
been clarified in the manuscript.




up to 20%). The current wording is
ambiguous.

“When compared with ozonesondes (Supplementary Sect. S3), O3
retrieved in the mid-troposphere by the IMS-extended scheme is found to
be systematically larger by up to 20 %.”

Figure S5: It would be helpful to
have a legend on the figure itself
indicating what color corresponds
to which observation, instead of just
having this information in the figure
caption.

A legend has been added to the figure and the revised figure is shown in
Figure SA.

Line 221: Is this just the global
average? It looks like there could be
significant variation in this value,
but it is hard to judge that from
comparing Figures 2 and S6. A map
showing the percent uncertainty,
instead of the absolute value, might
be more useful.

We found that the monthly averages for the percentage uncertainty for
each grid-box was fairly consistent, with the uncertainty ranges from 23—
24 %, as shown in Fig. R1. Therefore, we decided to use the absolute values
instead.

Section 2.3.3: What’s the time
resolution of the ATom
observations?

We have used ATom observations that are merged into an average of 2-
minute sample interval. We have added this detail into Section 2.3.3.

“Wofsy et al. (2018) merged the observations into a two minute sampling
interval.”

Line 248: | think you need a more
thorough comparison between the
TOMCAT OH and the SS
approximation.  Just looking at
zonal means is likely obscuring
regional effects, particularly
because NO contributions to OH
production are likely to be more
important over land than over the
remote ocean, even at 600 — 700
hPa. Some of this can be discerned
from Figure 3, but there should be
more discussion about the regional
differences in agreement. Figures
showing the absolute or relative
difference between TOMCAT and
the SS approximation would be
appropriate as would a regression.

Figure A shows the difference between TOMCAT OH and S-SSA using
model and satellite data. We have added a discussion of the regional
differences in agreement into Sect. 3.2.1.

“Figure A shows the spatial differences between the TOMCAT and S-SSA
OH. In January, the S-SSA shows an underestimate of up to ~-2 x10°® across
the Northern Hemisphere and over parts of the oceans across the
Southern Hemisphere, mostly between the equator and 30°S e.g. the
Atlantic, edges of the Pacific, but not the Indian Ocean. In the Southern
Hemisphere, an overestimate is present over some of the continents, e.g.
up to ~+2 x10° molecule cm™ in S America, and up to ~+1 x10° molecule
cm3 in the Indian Ocean and the centre of the Pacific. Broadly, the peak
[OH] values across SE Indian Ocean and S African continent show good
agreement.

In June, the S-SSA shows good agreement over the oceans in the NH,
mostly between the equator and 30°N, and the S American and Australian
continent in the SH. An overestimate of up to ~+4 x10° is found across the
peak [OH] values found across the N African continent and China. A slight
underestimate of up to ~-1 x10° is found on landmasses around the
equator.

In summary, the S-SSA agrees with TOMCAT across the oceans near the
equator, depending on the season. The peak values of [OH] are found in
similar locations for TOMCAT and S-SSA [OH], however, the S-SSA
generally produces an underestimate at these peak values.”

Table 1 and throughout the text:
Are you using mass-weighted OH
when you’re making your global

All global/regional OH means throughout the text are mass-weighted. We
have clarified this in the manuscript.




comparisons? If not, you should be,
otherwise you’re likely giving too
much importance to regions that
don’t particularly matter.

Line 287: How accurate is your
model JO1D? CAM-Chem, for
example, has a notable low bias in
JO1D in the altitude range you’re
examining (Nicely, et al, 2016). In
your uncertainty analysis, you
assume there is no error in JO1D,
but that is highly unlikely. If you
don’t know how accurate the
modelled JO1D is, you should add a
sentence or too at least noting that
this is a potential source of error.

We believe that our model Jo,is reasonable, as we have compared it to
ATom observations ofj03, which is shown in Fig. SA.

This comparison has the same issues, of comparing model and aircraft
observations, as discussed in your comment 13 and the response. Figure
SB shows that TOMCAT j,, has a negative mean bias (TOMCAT is lower
than ATom observed j,) across the 4 campaigns, ranging from -0.09 to -
1.29 x10° s*. There are notable areas of disagreement, such as near the
equator in ATom-2, between 60°S and 20°S in ATom-3, between the
equator to 20°N in ATom-4 and between 40°N to 60°N in ATom-4.

We have added a sentence into the main manuscript and also into Section
S5 (with Fig. SB), acknowledging that this is a potential source of error.

“This assumes that there is no uncertainty in the rate constants (jz, k1-6),
which is a potential source of error.”

Line 305: What’s the r2 value for a
regression of the satellite and model
OH?

The correlation co-efficient between the monthly average grid-boxes of
satellite OH and model OH is 0.82 for January and June. The r? value is 0.68
for both months. We have added this detail into section 3.1.2.

10

Line 309: You’re missing a period
after “18%”.

We have added this in.

11

Line 311: Is this missing peak in
North America likely due to the
omission of a NOx term in your SS
approximation? | think either here
or elsewhere, there needs to be a
more explicit discussion of how
omitting NO and VOC sinks likely
limits the accuracy of your satellite
SS product in certain regions. Maps
showing the relative importance of
NO to OH production and the other
VOCs to OH loss could help illustrate
where this product will likely have
more limitations, or bringing a
subset of the panels from Figures S9
and 10 to a main figure could be
helpful.

We have added a new section (Sect. 3.1.X) which details our findings of
which reactions are important to the OH approximation throughout the
troposphere, and how this limits the accuracy of our satellite S-SSA
product in different regions.

“3.1.X Study of reactions omitted from the S-SSA

The aim of this study is to derive information about OH from satellite data,
therefore some source and sink reactions, which don’t have relevant
satellite retrievals, have been omitted from the S-SSA. We apply TOMCAT
model data to another more complex steady-state approximations, Sav-
SSA, to demonstrate which atmospheric species additional to H,0, O3, CO
and CH4 are key to OH production and removal in the pressure ranges,
<400 hPa and >800 hPa. The results are shown as zonal means in
supplement Sect. S7. Figures S9 and S10 show that the reaction of nitric
oxide (NO) and the hydroperoxyl radical (HO,) to be an important missing
source at pressures <400 hPa. The OH and HO; radicals are closely linked
in chemical cycles which are not, however, represented in the S-SSA.

Figure B shows the regional impact of the NO + HO, source term on the
total production term of the Sav-SSA, averaged across the 600 — 700 hPa
pressure layer. For January, the NO + HO, source term shows a very large
percentage contribution between 30°N and 60°N (up to 100%), although
the [OH] is very low here. In areas with very high NO + HO, percentage
contributions, it is likely that the S-SSA is not sufficiently capturing all the
important chemical pathways. Below 30°N, the spatial distribution of this
percentage contribution is similar to the spatial distribution of the




negative differences between TOMCAT and S-SSA [OH] in Fig. A, indicating
that these regions could indeed have improved agreement with the
addition of this source term. For example, across the NH oceans and
continents and in the SH Atlantic and Pacific Ocean off the coast of S
America. For June, the NO + HO; source term makes a larger percentage
contribution across the SH oceans and continents (where [OH] is low). In
the NH, the NO + HO; source term makes a greater contribution over land,
and a very low contribution over the oceans, where Fig. A shows that the
S-SSA [OH] is in good agreement with the TOMCAT [OH].

Figures SC and SD show a comparison between [OH] calculated using the
S-SSA, asin Eq. (4), and with the addition of 1 source term (NO + HO,) and
2 sink terms (NO + OH + M and NO, + OH + M). The [OH] calculated using
the NOy terms shows an overestimate of between ~ 0 and 4 x10° molecule
cm™ compared to TOMCAT [OH] for both January and June 2010 and
improves the agreement in some regions, such as at broadly above the
equator in January and below the equator in June.

Although the NO + HO; source term is important in some regions, there
are no NO or HO; satellite observations available in the relevant pressure
range, so we cannot include this term in the S-SSA in this study. This is an
area for potential future work, to introduce co-located tropospheric NO;
satellite data from another instrument on MetOp, the Global Ozone
Monitoring Experiment-2 (GOME-2), alongside IASI (Munro et al., 2016).
This would require additional steady-state balance expressions for NO:NO,
and for HO,.

The current source term, photolysis of ozone and subsequent reaction of
the photo-generated O('D) atoms with H,0, is controlled above the
tropopause by the amount of H,O, which is much lower than in the
troposphere. The omission of the other, more dominant, sources of OH in
the S-SSA above the tropopause yields an underestimation in OH.

Figure C shows the regional impact of two VOC terms (of interest) on the
total production term of the Sav-SSA, averaged across the 600 — 700 hPa
pressure layer. The regional contribution of all sink terms can be found in
the supplementary material. Figure C shows that CsHs (isoprene), from the
sum of hydrocarbon term, shows a large contribution across South
America and Indonesia in both January and June. These are regions of high
S-SSA OH compared to TOMCAT OH seen in Fig. A, representing the lack of
this sink term in the S-SSA, leading to an overestimation by the S-SSA. In
these regions, the S-SSA expression is shown to not fully capture the OH
chemistry. Formaldehyde (HCHO) represents ~10% of the total sink term
in both months.

These additional source and sink terms could potentially help reduce the
overestimate of the S-SSA in this region. Satellite data on tropospheric
columns of NO; and several other relevant species (HCHO and SO, at
enhanced levels) are available from GOME-2 alongside IASI on MetOp.
Other than in tropical regions of lightning NO« production and rapid
convective uplift, these reside principally in the lower troposphere. Co-




located data from GOME-2 could therefore allow further investigation in
future work. For the other source and sink species, satellite data is not
available in the relevant pressure region or not available from a similar
instrument to the species in the S-SSA which would yield problems, such
as in combining observations with different vertical resolutions at different
locations and times of day.

Overall, the spatially varying importance of different source and sink terms
prevents the S-SSA from achieving a spatially uniform agreement and this
must be considered when applying the approximation.”

12

Line 325: More discussion of why
agreement is significantly degraded
for ATom 2 as compared to the
other campaigns is needed. Also,
for each of the campaigns there is
almost a second trend line, where
observed OH ranges up to 10 x 10e6
molecules/cm3  but the SS
approximation doesn’t exceed 1.
What is driving the poor agreement
for these points? Does agreement
improve if you include an NO term in
the SS approximation?

Broadly, we believe that ATom-2 shows the poorest agreement for a
normalised mean bias due to the predominance of smaller values of [OH]
for both OH-calc and OH-obvs, which leads to a higher percentage
difference, although for absolute difference (mean bias) ATom-2 does not
have the largest values. We have added this discussion of why the
agreement for ATom-2 might be degraded in Sect. 3.1.3.

We have added a new section (Sect. 3.1.4) detailing the implication of
adding NOx into the OH-calc for the ATom observation comparison.

“In Fig. SE we show a version of Fig. 4, as a comparison of ATom OH-calc
with (OH-calc-NOy) and without (OH-calc) 3 NOy reactions (NO + HO,, NO
+ OH + M, NO; + OH + M) included in the S-SSA). The addition of the NOx
terms changes the bias in the OH-calc relative to OH-obvs from -20.6 % to
+13.2 %. This change in sign is consistent with the comparison of S-SSA and
S-SSA with NOx reactions using model data as shown in Figs. SC and SD.
Overall the correlation stays similar for with and without NOy (0.76 and
0.78). This corresponds to the model results in Sect. 3.1.X which find that
for some regions, the NO + OH; source term can make a large contribution
to the total source term.”

For the ‘second trend line’, the higher values of OH-obvs (with OH-calc still
< 1) e.g.in ATom-3,4 are not improved much by the addition of NOto the
approximation. In general, for the lower OH values, the addition of NOx
does improve the agreement, apparent across the 4 campaigns.

13

Line 359: What is the horizontal
extent of the OH observations and
how does this compare to the
satellite product resolution? Is the
horizontally homogeneity of OH
enough to allow for a comparison to
a satellite product at 3 degree
resolution?

In comparison with the model and satellite data, the ATom data has very
limited horizontal sampling. The horizontal extent ranges from ~180°W to
~20°W across the four campaigns. Therefore this is limited to West of the
Greenwich Meridian, and mostly focused on covering the Pacific and
Atlantic Oceans.

Unfortunately there is a lack of other direct in-situ measurement datasets
to compare our satellite-derived OH to, so comparison to the ATom data
is definitely worthwhile in our view, despite the challenging comparison
due to the very different horizontal sampling and coverage of the dataset.

OH has a short lifetime and so it is unlikely that the ATom measurements
will show enough horizontal homogeneity to be directly compared to the
grid-box averaged data. Therefore, we have displayed the data in Fig. 5 in
a way which takes this into account, overlaying the ATom point data on
top of the OH field underneath to highlight the issue with the comparison.




We believe that it is worth presenting this data, but we have added in a
sentence in Sect. 3.1.3 to further highlight and detail the issues with this
comparison.

“The comparison is challenging due to the sparse nature of the ATom data
points compared to the satellite [OH] field (highlighted in Fig. 9) and using
data only for 2017 (ATom-1 was from 2016 and ATom-4 from 2018). .........
The poor comparison in some regions may be attributable to the
resolution difference between the point aircraft observations and the
averaged satellite [OH] field, due to the lack of horizonal homogeneity of
OH.”

14

Figure 7: This figure highlights the
poor performance in the 30 — 90 N
range. Figure S9 likely suggests part
of the reason, since, according to
TOMCAT, greater than 2/3 of the
OH production is from the NO + HO2
reaction. Again, more discussion is
needed as to how this limits the
applicability of your product to
regions with appreciable secondary
OH production from NO.

We have now discussed the implications of NOx in response number 11 in
this document, and in new Sect. 3.1.X. We have added a sentence into Sect
3.1.3 to relate this to our NOx results in Sect. 3.1.X.

“This corresponds to the results in Sect. 3.1.X, where the OH source
reaction HO, + NO represents a larger contribution to the total production
in the Northern high latitudes in the Northern Hemisphere winter (ATom-
2,3,4). The reduction in agreement in this region, indicates that the S-SSA
may not be able to provide robust information about [OH] here region. In
Sect. 3.3 we study a tropical (15° S—15° N) band, where the S-SSA shows a
more robust agreement.”

15

Line 391:How much does the
stratospheric O3 column in your
model vary between 2008 and
2017? How would any trends or
internal variability affect your JO1D
and  consequently  your OH
calculation?

The TOMCAT model simulations use a climatological stratospheric ozone
field so there will be no variation in its stratospheric ozone column
between 2008 and 2017. In our study of the long-term variability of S-SSA
OH, we use a fixed year of photolysis rates from model year 2010, which
removes any influence of varying photolysis rates on the variation in the
calculated OH. This assumption should be considered when interpreting
our results, and therefore we have added in a sentence (to Sect. 3.1) to
highlight this. An attempt to model the variation in stratospheric O3 (and
consequently ji) is beyond the scope of the study at present, though it is a
potential item to address in further work, as satellite observations would
be available too.

“We use satellite data produced on a sub-sampled basis from 2008-2017
and the S-SSA, together with fixed monthly model j; distributions from the
TOMCAT model for a fixed year (2010). The use of a fixed year of j;
distributions removes any influence from variation in this value between
years e.g. from variation in stratospheric ozone, which is an assumption
that should considered when interpreting these results.”

Reviewer 2’s comments:

General comments:

“This is a very interesting and novel idea that is worth publication in ACP once several deficiencies
(listed below) have been addressed.”

Thank you for your comments.




Specific comments:

Comment

Response

Minor comment: Line 51: In situ
measurements are scarce also as it’s
not a simple measurement. There
aren’t very many OH instruments and
they certainly aren’t commercialized
yet.

We have added this in.

“Direct in situ measurements of OH are scarce as the
measurement process is challenging with few instruments
available (Stone et al., 2012; Lelieveld et al., 2016). Due to its
very short lifetime, ~1 second in the daytime, the abundance of
OH is very low with the global tropospheric mean OH

concentration is around 1 x10® molecule cm3.”

Major concern: Line 279-285: What
are the implications of these
conclusions for your ability to use
satellite observations to constrain OH?
I would expect that you could devote an
entire section to this discussion.

We have written a new section (Sect. 3.1.X) to discuss the results
of our study of which reactions are important in the
approximation of OH in the atmosphere and also the pressure
range of interest, 600-700 hPa.

Please see the response to comment 11 from Reviewer 1.

Major concern: Line 287: Just how
much of the tropospheric burden of OH
resides between 600 and 700 hPa?
How important is this layer for the
tropospheric oxidation of methane and
other trace gases? That is, can you give
an idea of how much of the
troposphere’s oxidizing capacity that
you can constrain from space? Even if
the answer is “not much”, | still believe
that your paper represents a great first
attempt to indirectly constraining OH
using space-borne observations of the
species that influence OH.

We found that the 600-700 hPa pressure region contributed to
~15 % of the tropospheric OH burden, and ~19 % of the burden
weighted to methane oxidation. This is detailed in Sect. 3.1.1.

Major concern: Figure 2: Can you
discuss how cloudiness affects your
sample number and, subsequently,
your uncertainties? What are the other
limitations of satellite data for your
purposes?

We have added in the following to Sect. 2.3.2 to discuss the
impact of cloudiness on sample number and uncertainties.

“Co-located retrievals of H,0, Oz and CO data and CH; were
filtered for a geometric cloud fraction of 20% or less (i.e. 0.2
fractional coverage or less). This resulted in satellite soundings
which exclude all opaque clouds which fill the field of view and
a fraction of clouds which fill part of the field of view. In
comparison with TOMCAT, which had no filtering for cloud, this
could produce a clear skies bias. However, the model is driven
by ECMWF meteorological fields, which are also used in the
satellite retrieval, so they should be reasonably consistent.

Figure SE shows the daily average number of retrievals used per
grid box for the calculation of satellite [OH]. Globally, the daily
average number of grid-box profile retrievals for the input
species ranges between 0 and 24, with an average of ~6.
Therefore, there are sufficient retrievals of the trace gasesin the
S-SSA to calculate values of OH for most grid-boxes every day.”




For the other limitations of satellite data for our purpose, a key
limitation inherent to the satellite data is the different vertical
sensitivities of H,0, O3, CO and CH, retrievals as represented by
their respective averaging kernels. This is discussed in Sect. 2.3.2
and Sect. S3 and papers referenced. These satellite data on H;O,
03, CO and CH4 have been evaluated in earlier studies and
estimates of their accuracies were provided in Sect. 2.3.2 and
Sect. S3.

Major concern: Line 336: This is a bold
statement given the limited
spatiotemporal extent of the OH
observations. For example, do you
expect your SSA to compare well over
and downwind of continents where air
is more polluted?

Figure R2 shows the absolute difference between OH-calc and
OH-obvs at the location of the ATom observation. Broadly there
does not seem to be a strong relationship between the
difference and being over/downwind of continents where you
would expect to find more polluted air across all 4 campaigns.
For example, ATom-1,3 find higher differences across the N
American continent, but ATom-2,4 do not.

We filter the data for air influenced by biomass burning
(acetonitrile concentration > 200 ppt), so this could contribute
to the lack of relationship.

We have re-written this statement to account for the limited
spatiotemporal extent of the ATom OH observations.

“The normalised mean bias between OH-obvs and OH-calcis ~26
% which is a similar order of magnitude to the large uncertainty
of 35 % for the OH observations. The ATom observations provide
a comparatively large dataset for comparison, however, it has a
limited spatiotemporal extent, which should be considered
when interpreting our results. Here, we believe that for the
observations studied, the datasets are correlated sufficiently to
justify further study of the S-SSA at this pressure range.”

Line 457: What about the issue of
cross-correlations? Are many of the
drivers of ozone concentrations also
the drivers of OH concentrations?
Would you expect the same result if you
had, for instance, NOx in your SSA
equations?

We acknowledge that cross-correlations will likely exist between
O3 and OH as they are linked closely through their chemical
reactions. We will add in a brief mention of this possibility in the
text at this point. However, a detailed analysis and
quantification of this is beyond the scope of our study.
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Figure SA: Comparison of ozone profiles retrieved by the IMS scheme with ozonesonde (WOUDC and
SHADOZ) profiles (ppmv) for 2010 and 2017 merged. The regions are split into three latitude bands
(90-30°S, 30°S-30°N & 30-90°N) and four seasons (December-January-February (DJF), March-April-
May (MAM), June-July-August (JJA) & September-October-November (SON)). Red, blue and green
solid (dotted) profiles show the median (25th and 75th percentile) IMS, ozonesonde with IMS
averaging kernels applied and ozonesonde profiles. Here, the closest satellite retrieval within 500 km
and 6 hours of each ozonesonde profile has been used. The purple dashed lines represent the pressure
region of interest (600—700 hPa). The mean bias (MB), percentage bias (MB%), and number of sonde
profiles (N) are shown based on the 600—700 hPa segments of the profiles.
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Figure R1: Estimated percentage uncertainty for satellite S-SSA OH for all months of 2010.
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Figure A: OH concentrations averaged over the 600-700 hPa range for TOMCAT, S-SSA and the
difference (TOMCAT S-SSA minus TOMCAT). Panels a)-c) and d)-f) represent comparisons for January

and June, respectively. All values are in in units of x10® molecule cm?3,
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Figure SB: Comparison between TOMCAT j,, values and ATom j,_ observations, averaged for each
model latitude bin. The four panels show the data split into the individual campaigns. ATom
observations are filtered for 600—700 hPa and 08:00-11:00 LT. All data is in units of x10° s*. The mean
bias (calculated from TOMCAT - ATom) are displayed in the top left corner of each panel. Error bars of
t 20 % (representing the instrument uncertainty (Shetter and Miiller, 1999)) are displayed for each
ATom observation .
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Figure B: Contribution of NO +
HO; reaction to total production

term for Sav-SSA in 2010
averaged for the 600-700 hPa
pressure region. (a) total

production term in January, (b)
percentage contribution of the
NO + HO; source reaction to the
total production term in January,
(c) total production term in June,
(d) percentage contribution of
the NO + HO; source reaction to
the total production termin June.
Total production is in units of
x10° molecule cm3 s,
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Figure SC: 2D plots of (a) TOMCAT [OH], (b) S-SSA [OH], (c) S-SSA with NOx sources/sinks (NO + HO,,
NO + OH + M, NO; + OH + M), (d) difference between S-SSA [OH] and TOMCAT [OH] and (e) difference
between S-SSA [OH] with NOx sources/sinks and TOMCAT [OH]. All averaged for the 600-700 hPa
pressure region for January in 2010. All values are in in units of x10°® molecule cm.
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Figure SD: 2D plots of (a) TOMCAT [OH], (b) S-SSA [OH], (c) S-SSA with NOx sources/sinks (NO + HO,,
NO + OH + M, NO; + OH + M), (d) difference between S-SSA [OH] and TOMCAT [OH] and (e) difference
between S-SSA [OH] with NOx sources/sinks and TOMCAT [OH]. All averaged for the 600-700 hPa
pressure region for June in 2010. All values are in in units of x10® molecule cm?3.
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Figure C: Contribution of isoprene (C5H8) and formaldehyde (HCHO) OH sink reactions to the total
sink term for Sav-SSA in 2010 averaged for the 600-700 hPa pressure region. (a) Total sink term in
January, (b) percentage contribution of the OH + CsHs to the total sink term in January, (c) percentage
contribution of the OH + HCHO to the total sink term in January, (d) total sink term in June, (e)
percentage contribution of the OH + CsHs to the total sink term in June, (f) percentage contribution of
the OH + HCHO to the total sink term in June. Percentage value in panel label (i.e. 0-40 %) refers to
the colour bar range. Total sink is in units of s,
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Figure SE: Comparison between OH-calc and OH-obvs for the S-SSA with and without NOy reactions
(NO + HO3, NO + OH + M, NO; + OH + M). The left panel shows a combination of ATom-1, ATom-2,
ATom-3 and ATom-4. The right four panels show the data split into the individual campaigns. ATom
observations are filtered for 600—700 hPa and 08:00—11:00 LT. All data is in units of x10° molecule cm’
3. Data points in orange are excluded from the analysis, either as an outlier (> mean + 3.0 standard
deviations) or below the limit of detection of the ATHOS instrument (0.018 pptv or 0.31 x10° molecule
cm3) shown by the orange line. Pearson’s correlation co-efficient (r), the mean bias (calculated from
OH-calc — OH-obvs) and the normalised mean bias (% with respect to OH-obvs) are displayed in the

top left corner of each panel.
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Figure SF: Average daily number of retrieved profiles of the input species (03, CO, CH4 & H,0) used the
in OH calculation for each grid box for each month in 2010.
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