
Reply to Reviewer 2 
 
Please note that the reviewer’s comments are included in normal font and our responses are 
in italics below. 
 
General comments 
 
The paper describes the setup and result of an inverse modelling study to derive global 
hyrdoxyl radical (OH) concentrations from hydrofluorcarbon (HFC) observations for the 
period 2004-2021.  Concentrations of OH are important for the estimation of the global CH4 
budget, which is the second most  important greenhouse gas after CO2, and as OH is one of 
the main uncertainties in there, this study is of great relevance.  The method is based on the 
idea that emissions of selected HFCs  are more or less known, and that destruction by OH is 
their only loss-process; observations of these HFCs are then used to decrease the 
uncertainty in OH concentrations as well as emissions. Similar approaches have been used in 
combination with methylcloroform (MCF) and to some extend also with HFCs, but this study 
is unique it its focus on 5 different HFCs and the long time span of 2004-2021.  
 
A strong element of this study is its completeness. Inversion experiments have been 
performed for all 10 possible combinations of 3 out of 5 available HFCs observation time 
series, 2 adjustments of observation scales have been compared, and also sensitivity 
experiments were done. The resulting range of estimated OH concentrations are compared 
with results obtained in other studies, and found to be in good agreement. Special attention 
is also paid the possible impact of the 2021 lockdowns on concentrations. In addition, also 
the impact of the result on CH4 concentrations is discussed. 
 
We thank the reviewer for this positive assessment of our study and reply to the 
question/comments below. 
 
The study uses a 12-box model to simulate global atmospheric mixing. Although this is a very 
crude model, it makes sense here since the amount of observations is limited, and results 
are discussed at global scale only. Could the authors indicate what is the expected gain from 
using a full CTM, as suggested  in the discussion at line 330?  
 
The shortest-lived species in our study has a lifetime of 1.5 years (HFC-152a), thus its 
variability at hemispheric scale should be able to be represented as the mean of a few sites 
as well as by our model. However, using a 3D ACTM would enable individual sites to be 
represented and the differences between sites may provide more information on the 
variability of OH within a semi-hemisphere, which our model is not able to do. Also a 3D 
ACTM driven by reanalysis meteorology should be able to capture the influence of climate 
oscillations, e.g. ENSO, on atmospheric transport. We have now included this explanation at 
the end of the Conclusions section. 
 
The current paper does not discuss any results at the level of the 12-boxes, for example by 
latitude band or by atmospheric layers. Could useful information already be found in here, 
for example on the difference between tropo- and stratosphere? 
 



There is virtually no sensitivity of our observations to OH in the stratosphere, thus for the 
uppermost layer (stratosphere) the posterior OH remains very close to the prior values. In the 
upper troposphere (the middle layer) there is a weak sensitivity, and the posterior OH 
changes a little compared to the prior, but most of the change posterior versus prior is in the 
lower troposphere. 
 
We analysed the posterior OH for the troposphere by hemisphere but decided not to include 
these results in the paper, but rather to focus on the variations in global OH. The posterior 
OH in each hemisphere has the same degree of variability as the global mean, i.e., <2%, and 
the variations between 2009 and 2015 are positively correlated in both hemispheres (Fig.1 
above). For the inversions including the shorter-lived species, HFC-152a and HFC-32 (same 
inversions as shown by the blue curve in Fig. 3 in the manuscript), the decrease in global OH 
in 2018 is mostly driven by the NH, but the decrease in 2020 is entirely driven by the SH (see 
Fig. 1 above). In 2020 there was a reduction in NOx emissions globally, which could also act 
to reduce OH, except in very polluted areas (Zhu et al., 2022). The biggest reductions in NOx 
emissions were in the NH, in particular, over Europe and East Asia (especially around Beijing) 
(Cooper et al. 2022). However, considering Beijing is a very polluted area, and both this 
region and Europe are outside the region of the highest OH concentrations, it is unclear how 
strong the impact of this would be on global OH. At the same time, there was also a 
reduction in NOx in the tropics and SH, which corresponds to an observed reduction in 
biomass burning in 2020, thus it is possible that there could have been an NOx induced 
reduction in OH in the SH, but we have fairly low confidence in this result. 
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Figure 1. Prior (blue) and posterior (red) OH concentrations from inversions including HFC-32 
and HFC-152a shown for the northern hemisphere (top) and southern hemisphere (bottom). 
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For the discussion it might be useful to spend some lines on the long term perspective of OH 
studies. A major driver for this study was the current amount of MCF remaining in the 
atmosphere these days is too small to be used as proxy for OH. Due to the Kigali 
Amendement to the Montreal Protocol, also emissions of HFCs are expected to decrease 
and eventually disappear. What is the time range for which the authors expect that their 
method can be used? And do they have suggestions for observations that should be soon 
setup to ensure that also in following decades estimates of the OH concentrations can still 
be made? 
 
Based on the recent HFC scenarios of Velders et al. (2022), emissions of HFCs are expected to 
continue up to at least 2050, although at a lower level compared to without the Kigali 
Amendment. Thus, we think the method could be still used up to the middle of this century at 
least. We have included the following text in the Conclusions section, which we have 
renamed “Conclusions and outlook”: 
 
“One important question though, is how the atmospheric mixing ratios of these HFC species 
will evolve in the future considering the Kigali Amendment (KA) to the Montreal Protocol. 
The KA is expected to reduce the CO2-equivalent emission of HFCs in 2050 to ~1 GtCO2 eq yr-1, 
that is, by 30 to 50% compared to that expected in the absence of the KA, assuming that the 
KA is adopted by all countries (Velders et al., 2022), with HFCs with large Global Warming 
Potentials contributing more to the reduction. Thus, emissions of HFCs will likely continue up 
to at least 2050, although at a reduced level, meaning that the atmospheric mixing ratios 
should start to stabilize, or in the case of HFC-152a, start to go down. As such, this method 
should be applicable up to the middle of this century.” 
 
Concerning the second part of this question “suggestions for observations that should be 
soon setup”, we currently do not have any suggestions for new measurements to set-up to 
better constrain OH.  
 
Reference:  
Velders, G. J. M., et al., Atmos Chem Phys, 22, 6087–6101, (2022). 
https://doi.org/10.5194/acp-22-6087-2022. 
 
Specific comments 
 
line 101: Could some main characteristics of of H(x), the AGAGE 12-box model, be described 
here? For example, how is the exchange between the boxes parameterized? 
 
We have added the following description: 



“Atmospheric transport was calculated as horizontal and vertical mixing rates between the 
boxes, which were provided monthly based on Cunnold et al. (2002) and the model was 
integrated in 2-day time steps using the fourth-order vectorized Runge-Kutta algorithm. 
Chemical loss, which in this study is solely due to OH, was calculated for each box and time 
step.” 
 
line 152-153: The temporal correlation scale length that is described here, is that in 
combination  with an e-folding shape? 
 
The temporal correlation was calculated as an exponential decay with time with a scale 
length of 60 months. We have added this specification to the manuscript. 
 
line 159: The "reanalysis data" mentioned here, is that ERA5? 
 
Yes, it was ERA5, we have added this specification. 
 
line 159: There are no correlations assumed in the prior OH concentration uncertainties? 
 
That is correct, we assumed no correlation in the prior OH concentration uncertainties. 
 
line 274: correlation with ENSO Index in Figure 4b: maybe a scatter plot (with connected 
dots?) would be more clear here to show the (lack of) correlation. 
 
We prepared the following scatter plots in which we used monthly values of MEI and OH 
anomaly (with seasonality subtracted and smoothed with a spline fit to reduce the noise). 
Since the correlation is weak, we do not include the scatter plots in the manuscript but only 
in the supplement.  
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Spelling and grammar 
 
It was a pleasure reading the paper, it is very well written and illustrated. Textual comments 
are therefore very limited. 
 
line 152: "The emission errors in each box were assumed to be uncorrelated *with other 
boxes*, ... 
 
We have added “with other boxes” 
 
line 157: ".. the temperature for each month and box was taken *from* the European Centre 
..." 
 
We have corrected this. 
 


