We would like to thank the reviewer for their comprehensive comments. They have helped
greatly in improving the paper. Reviewer comments are in black. Author responses are in
red. Author response line numbers correspond to the tracked changes document.

Reviewer 2

This study aims to provide observational constraints on the seasonality of the H2 soil sink,
the most uncertain term in the H2 budget.

First, the authors use a box model constrained by HFC-152a observations to optimize the
seasonality of OH.

Then this optimized OH field and H2 observations are used to optimize the different parts
of the H2 budget (H2 emissions, H2 chemical production, H2 soil sink).

The approach is interesting, and the manuscript is well-suited for publication in ACP once
the following comments are addressed.

Thank you very much for this positive assessment.
Main comments

1. The box model used in this study includes only 3 boxes, with the Northernmost box
spanning the 20-90N range. The magnitude but also the seasonality of H2 exhibits
significant meridional variations in this region (e.g., Tardito Chaudhri (2025), Paulot (2024)).
This suggests that the choice of the box boundary may have a significant impact on the
optimization. The authors allude to it in line 275 but more discussion and analysis are
needed. For instance, the authors could use the H2 concentration simulated by a global
model with H2 deposition (see Sand (2023), Brown (2025) but any sensible pattern would
work) to demonstrate that the 3-box model framework can recover the deposition velocity
used in the aformentioned model if given the simulated H2 concentration at MHD.

Thank you for this comment. We also attempted to address this on lines 105 to 108, where
we refer to Figure S1 that shows that the NOAA flask data average over the 20-90N region is
in very good agreement with the single AGAGE station at Mace Head in both magnitude and
seasonality. This gave us confidence that using the single highly precise AGAGE site is a
good representation of the entire box. However, we agree with the reviewer that testing our
methodology in a model framework is a good idea. Therefore, we have used the reviewer’s
suggestion and used output from Sand et al., (2023) to retrieve the soil sink and then
compared it to the models actual soil sink values. Like the observed retrieval, we use a
constant soil sink (no seasonality), but we don’t retrieve chemical production (assume
model values are truth). This comparison is shown in Figure R1 with reasonably good
agreement between the model values and retrieved values and gives further confidence



that our retrieval within the NH box is a reasonable representation of the box average even
though there is a strong gradient in the box. We have added in the following text:

Lines 155-159: “Even so, the large north-south gradient in the North box raises the
question of whether the same agreement would hold for retrieval of the soil sink. To test
this, the retrieval technique outlined in Section 2.3 was replicated using GFDL model data
of OH, CH20, and Mace Head H, surface concentrations from Sand et al. (2023) with good
agreement between actual model soil sink values and retrieved soil sink values (not
shown). This gives further confidence that Mace Head is a good representation of the North
box average.”

o5 GFDL North Box soil sink and retrieval

——Retrieval
20 - — GFDL soil sink 4

15

10

Tglyear
o

J F M A M J J A S O N D
Month
Figure R1. North box soil sink retrieved values compared to actual GFDL model values.

2. Line 260-265 What is the implied seasonality of the deposition velocity of H2? How does
it compare with the (few) observations in the NH and to global models (e.g., Brown (2025),

Paulot (2024), ...)? = Does the retrieval provide information on the interannual variability of
vd(H2)?

We have estimated the land averaged deposition velocity shown in Figure R2 below and
added in the following discussion in the paper:

Line 400-403: “Additionally, the seasonal range of deposition velocities (cm s™) calculated
using the retrieved soil sinks for each box are in reasonable agreement with current



modelling estimates and observations at NH sites when considering the different
latitudinal boundaries. For example, our North box range is ~.018-.023 cm s over 20-90 N
compared to ~.027 cm s over 30-90 N for the H,-flux model simulations in Brown et al.
(2025).”

The model does retrieve time series but in the context of the large prior uncertainties used
here itis hard to gauge any quantitative information. Therefore, we opted to only show the
time series averages.

Retrieved deposition velocity anomalies
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Figure R2. Estimated box average deposition velocity anomalies for two retrievals.

3. The title should be revised to more clearly convey the focus of the manuscript on the
“seasonal amplitude” of the H2 sink (rather than its magnitude)

Done. We have changed the title from: “Constraining the atmospheric hydrogen oxidation
and soil sinks using HFC-152a” to “Constraining the atmospheric hydrogen oxidation and
soil sink seasonal cycles using HFC-152a”



4. Fig. 4. shows that the amplitude of the optimized seasonal cycle of the land sink is not
significantly different from the prior (no seasonality). It’s not clear whether this is because
the information content provided by the measurements is insufficient in these regions or
because the seasonality is weak. In other words, how much lower is the posterior
uncertainty relative to the prior?

Globally this is correct. In the NH the seasonal range is indeed outside the posterior
standard deviation. Our use of large prior uncertainty plays a role here, but our uncertainty
isindeed reduced by ~15-25% for each box. So, we are indeed increasing the precision in
our retrieval by including the observations. We have added in the following discussion:

Line 429. “The H, soil sink retrieved posterior standard deviation is ~20% less compared to
the prior, indicating that we have increased precision in the soil sink retrieval.”

5. Line 257. “Itis important to emphasize that the prior soil sink is constant over the
course of a year, so that the seasonal information that is retrieved is not constrained to the
choice of prior” Do you mean that your choice of prior has little to no impact on your
solution? The authors should discuss this in more details. How would a different soil sink
apriori and soil sink apriori uncertainty impact the results? Additional justification for the
35% error in soil first order loss (see TC3) would also be helpful given the large observed
seasonal variation of vd(H2) (see HFR data from Meredith et al. for instance)

Correct, because our prior has a constant soil sink throughout the year it has no impact on
the seasonal information we are retrieving. We chose not to introduce a seasonal cycle in
the prior so that the information in our retrieved soil sink is heavily influenced by the
observations, our retrieval of OH, and its strong connection to CH,O. The choice of prior
uncertainty will indeed have an impact on the retrieved result. For example, if we have a
very small uncertainty, the model won’t be able to adjust to any meaningful seasonal
cycle. Too large uncertainty and there would be obvious overfitting. Observations of
deposition velocity tend to have large uncertainties of ~15-70% depending on the study
and location of measurements (e.g. Brown et al., 2025, Cowan et al., 2025). Therefore, we
chose 35% as it both fit within observational uncertainties and also was the same as our
choice for OH uncertainty. We agree it is important we discuss our reasoning in the paper.
Therefore, we have added.

Line 247. Added: “The H; soil sink uncertainty is set to 35% for all cases. This value was
chosen as itis both the same as the OH uncertainty used and is areasonable
representation of the reported observation uncertainty that”

Line 363. Changed: “so that the seasonal information that is retrieved is not constrained to
the choice of prior” to “Therefore it has no impact on the seasonal anomaly that is

retrieved”

Technical comments



1. Line 101: It’s not clear why a 20% increase is applied to SMO.

We missed some important justification here. We have added in additional discussion
relating to a new Figure 1.

Line 143-147: “Figure 1 shows a steep gradient in volume mixing ratio between the
Northern and Southern Hemispheres. Therefore, our choice of SMO for the Tropics box will
likely be an underestimation of the tropical average. Indeed, a second Tropical location at
Ragged Point (RPB, Barbados, 13.2° N) has higher mole fractions than SMO (not shown).
However, this site was not used as it has more frequent intrusions of extra-tropical air.
Instead, to account for the underestimation, a 20 % increase offset has been applied to the
SMO data.

2. Line 113. What is the interannual variability in HFC-152a emissions

Interannual variability of HFC-152a emissions are not known but are likely to be small.
EDGAR only supplies these emissions as yearly averages.

3. Line 150. Can you be more explicit? If | understand well, you assume a first order loss
proportional to the land area. However, in Table 1, it is stated that the 35% error is applied
to the absolute magnitude of the soil sink. Do you mean H2 lifetime wrt soil sink?

Yes, the 35% in Table 1 is the prior uncertainty. The forward model loss is not assumed to
be proportional to the land area. A first order loss is chosen to close the budget within the
forward model. We do retrieve absolute values, but only present the anomalies. We have
tried to make this clearer in the introduction by adding in “presented as seasonal
anomalies” on line 89.

4. Fig. S1. should include the range of H2 observations across NOAA observations. The
spread should be discussed when assessing the choice of the MHD station to represent
the 20-90N band.

This is a good suggestion, and we have now included the range of NOAA measurements
within each box and also added panel that shows the site locations on the world map. See
below
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Figure R3. New Figure S1.

Please include a map of the locations of the NOAA and AGAGE sites

We have added in an additional figure that shows the location of all sites used. Please see
our response to the previous comment

5. Fig. S3. | believe a “+” is missing between jch20 and kch2o

Thank you. Fixed



6. Line 172. “retrieved with cross-correlation between OH established in the prior
covariance to ensure correct chemical production seasonality” | am not sure to
understand what you mean here. Please rephrase.

The cross correlation ensures the strong causal correlation between OH and CH,0 is
included in the non-diagonal elements of the prior covariance. We have added in the
following:

Line 240: “Considering that there is a strong causal relationship between OH and CH,0O
atmospheric concentrations, a zero-lag cross correlation between OH and CH,O is
implemented”

7. Line 190: what is the impact of using a longer temporal correlation for non-biomass
burning emissions?

See below for results when we double the temporal correlation of non-biomass burning
emissions in the North box. There is virtually no difference when we double the temporal
correlation for emissions in the NH (that are almost all non-biomass). We think our choice
of 12 months is reasonable considering that non-biomass burning emissions and biomass
burning emissions will both be seasonally dependentin each box.
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Figure R4. Results of doubling the correlation length for H, emissions for the North box

8. Line 190: what is the assumption for the soil sink temporal correlate on? If it’s neglected,
wouldn’t this lead the optimization to favor adjusting the soil sink to capture the seasonal
variability?



Considering that the soil sink is dependent on soil moisture and temperature we assumed
the temporal correlation would be short. So, we assumed no temporal correlation.
However, we think it is important to check, as the reviewer suggests, if a seasonal
temporal correlation will have any significant effects. Using a 6-month temporal
correlation does produce minor differences - see below. We have opted to keep no
temporal correlation in the retrieval considering the high non-linearity between soil
moisture and H; uptake and due to the large uncertainties in H, uptake moisture
thresholds (e.g. Reji et al., (2025)).

We have added in the following:

Line 269-271: “H, soil sink temporal correlations are also not included due to large
uncertainties in moisture thresholds on H, uptake (e.g. Reji et al., 2025). Introducing a 6-
month temporal correlation produces only minor differences in retrieval soil sink
anomalies (not shown).”
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Figure R5. Comparison of no temporal correlation and a 6-month temporal correlation for
the H; soil sink.



