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1 Overview:

Review of “Recent increases in the growth rate and emissions of HFC-23 (CHF3) and
the link to HCFC-22 (CHClF2) production” by Simmonds et al.

Simmonds et al. present an estimate of the HFC-23 and HCFC-22 emissions using
observations from the AGAGE network. They perform two Bayesian inversions: (1)
in a global 12-box model and (2) a regional inversion for Europe using FLEXPART.
Overall, the manuscript reaches scientifically interesting conclusions. However, many
of the details necessary to follow the conclusions are not included. Specifically, most
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of the details of the forward and inverse modelling are omitted. This makes it difficult
to interpret the results. Additionally, some of the conclusions seem overly speculative.
I would suggest major revisions for the manuscript.

2 Major comments:

2.1 Structure of the manuscript and description of the modelling

The authors spend most of the methods section explaining the measurement protocols
and calibration methods. Are the measurements used here fundamentally different
from the previous work using the same AGAGE measurements? It seems that this
paper is, at it’s core, an inverse modelling paper because the novel analysis is related
to the derived emissions. However, the forward and inverse modelling is not well de-
scribed.

The authors spend a single paragraph explaining the 12-box model. Is the box-model
including a seasonal cycle or annual concentrations? If there is not a seasonal cycle,
how are the authors removing the seasonal cycle from the observations? The authors
mention that they use an inter-annually repeating OH but some recent work (Rigby et
al., PNAS, 2017; Turner et al., PNAS, 2017) has shown variations in OH, would this be
important for the modelling here?

Questions related to the 12-box model inversion: How is the inversion done? What
is the state vector? Is it annual global emissions or the emissions for each of the
latitudinal boxes? Presumably the distributions are Gaussian? Are there off-diagonal
covariances? How are the model-data uncertainties specified (ie., what is the model
error)? Some of these details could go in a supplement, but they should be described
somewhere.
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Similarly, the authors present a second inverse analysis within the results section (Sec-
tion 3.2). The modelling is explained in a single paragraph, yet this is a very compli-
cated inverse model they present. In the paragraph that follows, the authors state
“Considerable differences between the two inversions with different a priori emission
distributions occurred on the country scale” but do not explain the different inversions,
priors, etc. Supplemental Section 3 provides a good explanation of the inversion frame-
work from Brunner and Henne and I would recommend incorporating some of that text
in the manuscript, it would be very useful for the reader.

2.2 Differences between this work and Miller et al., (2010)?

The authors note that “Miller et al., (2010) calculated global emissions of HCFC-23
using the same AGAGE 12-box model as used here, but with a different Bayesian
inverse modelling framework.” (Section 3.2). However, the authors do not seem to
explain the differences between the inverse modelling frameworks. This seems like a
crucial detail because the HFC-23 emissions from Miller et al. are outside the errorbars
presented here (Figure 3). This comment seems to go back to my previous comment
on the structure of the manuscript. The authors spent a lot of time explaining the
measurements but, from my reading, it doesn’t seem like the measurements are what
give them different emissions.

2.3 Speculative statements

There are a number of statements that seem overly speculative and it’s not clear that
they are supported by the analysis. Here I list two rather provocative statements:

Statement (Section 3.2): “We also note that this minimum occurred dur-
ing the global financial crisis of 2007-2009 and in fact HFC-23 emis-
sions mirror global GDP growth rates for the years before and after 2009
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(https://data.worldbank.or/indicator.NY.GDP.MKTP.CD). We can only speculate
that this may have reduced the overall demand for PTFE, thereby impacting global
HCFC-22 production and the co-produced HFC-23.”

Statement (Conclusions): “With the support of the Chinese Government, 13 new
destruction facilities at 15 HCFC-22 production lines not covered by CDM were started
in 2014 (UNEP, (2017a). The timing of these new initiatives is consistent with the most
recent reduction (2015-2016) of global HFC-23 emissions, although we cannot confirm
a direct link.”
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