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In this manuscript, the authors propose a framework of methods to evaluate impacts of
unexpected emissions of ODS on ozone depletion and climate change. The article provides an
interesting summary of methods and metrics proposed in the literature for evaluating these
impacts and suggest a list of actions for offsetting them. The article is well written and
documented, however | wonder if it fits in the scope of Atmospheric Chemistry and Physics
journal since it is very qualitative and provide few quantitative estimates of the impact of the
various proposed options for offsetting impacts of unexpected ODS emissions. In addition, the
guantitative values cited in section 5 correspond to citations from the literature, e.g. WMO,
2021 or Lickley et al, 2022. The manuscript does not include any figures or tables. In order for
the manuscript to better fit in the scope of ACP and be published in the journal, | suggest that
the authors provide their own quantitative estimates of the various proposed options and/or
their assessment of what would be the best options for the ozone depletion and for climate
change issues.

Response: We thank the reviewer for the thoughtful comments and have revised the
manuscript to address the issues raised. In particular we have provided quantitative examples
and tables indicating the potential magnitude of offsets for the activities described. In addition
we have provided additional discussion on consideration of impacts and offset metrics,
including the choice to use the well-established metrics of ozone depletion potential (ODP) and
global warming potential (GWP) to estimate cumulative impacts and offsets.

Minor comments

Page 2, line 35. The authors could elaborate on the environmentally superior replacements of
HFCs

Response: We have added the following sentence and incorporated footnote 1 to elaborate on
this point: “For example, the Refrigeration, Air Conditioning and Heat Pumps Technical Options
Committee of the Technology and Economic Assessment Panel (TEAP) to the Montreal Protocol
under the United Nations Environment Programme (UNEP) provides technical information
related to alternative technologies that have been investigated and employed to make it
possible to virtually eliminate use of ODS and to phasedown high global warming potential HFCs
and found in their 2022 assessment report that “[u]ltralow-, low-, and/or medium-GWP
alternative refrigerants are available for all [refrigeration, air conditioning, and heat pump
(RACHP)] applications and are being widely applied in some RACHP applications and regions.
Citing TEAP (2022) Report of the Refrigeration, Air Conditioning and Heat Pumps Technical
Options Committee: 2022 Assessment, UNEP
https://ozone.unep.org/system/files/documents/RTOC-assessment%20-report-2022.pdf.
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Page 2, line 38. Tt seems that 1890 is a typo.

Response: Thank you for the close read, however, this is not a typo. The assessment covers the
population born in the United States between 1890 and 2100: “Comparing the Montreal



Protocol as amended and adjusted with a scenario of no controls on ODSs showed the
prevention of an estimated 443 million cases of skin cancer and 63 million cataract cases for
people born in the United States between 1890 and 2100.” Madronich S., Lee-Taylor J. M.,
Wagner M., Kyle J., Hu Z., & Landolfi R. (2021) Estimation of Skin and Ocular Damage Avoided in
the United States through Implementation of the Montreal Protocol on Substances that Deplete
the Ozone Layer, ACS Earth Space Chem. 5(8): 1876—-88
https://doi.org/10.1021/acsearthspacechem.1c00183.

Page 2, line 44. cite also Young et al., 2021
Response: Thank you, we have added this citation.

Page 3, line 85. It seems that additional CFC-12 emission was not detected during the
unexpected CFC-11 emission period in 2012 — 2018. Can the authors elaborate on that?

Response: We have added to section 2.1 CFC-11 and CFC-12 the highlighted phrase: “One
implication is that detection of unexpected CFC-11 production is likely to be also associated
with unreported production of CFC-12, although large uncertainties in annual estimates of
global CFC-12 emissions (4-10 Gg yr!) have confounded efforts to detect unusual
enhancement in CFC-12 emissions in recent years (Montzka et al., 2021; Park et al., 2021).”

Page 4, line 96. Are the mentioned experimental and analytical use controlled by the Montreal
Protocol or exempted?

Response: We have added text to clarify that CFC-11 used for feedstock and process agents or
in laboratory and analytical uses is not reported as production and consumption: “The Montreal
Laboratory and Analytical Use Exemption allows the continued production and import of small
amounts of class | ODSs (CFCs, halons, carbon tetrachloride, methyl chloroform, methyl
bromide, and bromochloromethane) (but not class Il ODSs, e.g., HCFCs) for such uses as
equipment calibration and biochemical research; as an extraction solvent, diluent, or carrier for
chemical analysis; as inert solvent for chemical reactions; and other critical analytical and
laboratory purposes (Montreal Protocol Handbook, Essential Use Exemptions, Annex II).”

Page 4, line 106. The sentence starting with “Where entirely used as feedstock” is not clear. For
which use is CFC-113 production exempted? The whole paragraph on CFC-113 needs to be
clarified.

Response: We have revised the text to clarify that production as feedstocks and processes
agents is conditionally allowed and that Class | ODSs are allowed for analytical and laboratory
uses: “Prior to phase out, the annual emissions were roughly equivalent to production
(adjusted for quantities held in inventory). While CFC-113 production has been phased out by
the Montreal Protocol, CFC-113 and other ODSs, when used for feedstocks and entirely
consumed, are currently exempted from calculations of controlled substances produced and
consumed under the Montreal Protocol (Andersen et al., 2021).”


https://doi.org/10.1021/acsearthspacechem.1c00183

Page 5, line 143-146. We miss information for fully understand the statement. A formula could
help explain on shorter time intervals the offset could be smaller or larger than the adverse
impact being offset.

Response: This sentence has been removed, and we hope that the issue of time-dependencies
in impact vs offset is now clearer with the revision.

Page 5, line 149-150. The authors only cite the literature. Evaluating health effects in other
countries and latitudes warrants a whole new study.

Response: Agreed. We have added a sentence noting this: “A calculation of the health and
environmental impacts from ozone depletion and global warming of emissions is beyond the
scope of this paper, as the authors are unaware of simplified metrics for these impacts
analogous to the metrics for estimating ozone column impacts and global warming potential.”

Page 6, line 164. The end of the sentence is rather obscure. Global Warming Potentials are
generally based on a 100 year time frame.

Response: Clarified the distinction between longer-term and near-term temperature goals in
the use of 100-year GWP vs 20-year GWP: “While 100-year GWP are most commonly used to
capture the longer-term warming effects of long-lived greenhouse gases like CO, and CFCs, the
use of 20-year GWP may be more relevant when considering near-term warming impacts of
potent but short-lived GHGs like most HFCs. Such near-term impacts are particularly relevant to
temperature goals such as limiting warming to 1.5°C with no- or limited overshoot, noting that
the possibility of crossing the 1.5°C warming target of the Paris Agreement as soon as the 2030s
(Abernethy and Jackson, 2022; Xu et al., 2018; Intergovernmental Panel on Climate Change,
2021).”

Page 7-8, line 204 — 2017. As mentioned in the introduction of this review, a quantitative
estimate of the impact of each proposed action on ozone depletion and climate change is
lacking.

Response: We have made the activities into Table 2 and we have now included estimates of
magnitude that helps address this point.
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The manuscript by Dreyfus et al. discusses options to offset the ozone depletion and climate
forcing impacts of additional emissions of ozone depleting substances. The manuscript rises an
important and timely topic and discusses possible further action. However, it is not clear to me
if the manuscript in its present form is suitable as an article in Atmos. Chem. Phys. It has more
the character of a commentary, rather than a scientific research article. As a commentary, it will
be a useful contribution towards the timely discussion of how to calculate impacts of ODS and
options for possible offsets. As a scientific research article it does not provide enough detail and
evidence for the proposed method for calculating offsets to ozone depletion and climate
impacts. With the current evaluation criteria (Does the manuscript represent a substantial
contribution to scientific progress: substantial new concepts, ideas, methods, or data; Are the
scientific approach and applied methods valid?) | suggest to reject.

We thank the reviewer for the thoughtful comments and have revised the manuscript to
address the issues raised. In particular we have provided quantitative examples and tables
indicating the potential magnitude of offsets for the activities described. In addition we have
provided additional discussion on consideration of impacts and offset metrics, including the
choice to use the well-established metrics of ozone depletion potential (ODP) and global
warming potential (GWP) to estimate cumulative impacts and offsets.

Specific comments:

| suggest to move the first paragraph(s) of Section 4 (“The idea of an offset to unexpected
emissions and unreported production of ozone depleting GHGs is to collect and destroy...”) to
the Introduction, to make clear from the beginning how the discussed offsets are to be
understood.

Response: Agreed. Moved the opening paragraph of Section 4 to the Introduction.

There is very little discussion on the cited numbers for the resulting ozone depletion per
cumulative ODS emission. How well does this linear scaling work, where/when does it break
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down? Are these numbers robust across models or model dependent? Are they in line with our
theoretical understanding or purely empirical?

Response: The text citing those numbers has been removed, but the concept remains
important to the issue of offsets. The issue of non-linearity is now mentioned as being a caveat,
but would require extensive ozone modeling to address here, so is beyond the scope of the

paper.

The integrated ozone depletion (IOD) diagnostic proposed by Pyle et al. (2022) may provide a
more robust framework. This is briefly discussed in the present manuscript. However, it did not
become clear to me, if the concept of IOD is part of the suggested method for calculating
offsets or not.

Response: The 10D does supply an alternative framework for calculating offsets that wouldn’t
be appreciably different except for instances with very different lifetimes for the two chemicals
being considered. A sentence has been added to the text to provide clarification.

It remains unclear to me, how the offset calculation takes into account ozone depletion and
climate impacts at the same time. Section 3 closes with a remark on possible reduced CO2
update by the biosphere due to increased UV levels: “These impacts could also be included in
deriving appropriate offsets if desired.” How should this be done? How important is this effect?
Are there other possible feedbacks of importance?

Response: This paper is seeking to introduce the concept of offsets, and we have added an
example calculation based on the metrics that have been developed for ozone depletion and
global warming. Similar metrics are not currently available for UV and environmental impacts,
however, more involved modeling, such as used by EPA and by Young et al. (2021) could be
used to assess these impacts for specific offset cases.
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