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Overall comments

This paper uses atmospheric circulation analogues to study eight extreme weather events
in 2021 which occurred mainly over Europe (with one over the eastern USA), asking how
they may have been affected by anthropogenic climate change, and in particular, by
forced changes in the properties of the circulation regimes --- which is to say, changes in
dynamics. The question is topical, and interesting. The attribution of changes in extreme
weather, and predictions of future changes in extremes, are invariably based on
thermodynamics, because that is the aspect of climate change in which there is high
confidence. Yet extreme weather events invariably involve particular dynamical conditions,
implying that changes in those dynamical conditions could potentially be part of the
response to anthropogenic climate change. The difficulty is that any such changes are far
more uncertain than the thermodynamic changes, as has been widely discussed in the
literature. The contrast in levels of confidence is most apparent in the statements issued
by the IPCC on this matter.

What this paper does, then, is to assess the relative contribution of changes in
thermodynamics (by which I mean the difference in hazard conditional on the circulation
analogue) and changes in dynamics (by which I mean the changes in properties of the
circulation analogues), partly empirically (by identifying changes in the ERA5 reanalysis
between 1950-1979 and 1992-2021), and partly theoretically (by drawing on existing
literature, especially the AR6 report). It does this for a wide range of different kinds of
extreme weather events.

The synoptic descriptions of the events are very nice, and the format of the paper is
potentially an interesting one. The problem is that the methodology is highly
problematical, and the conclusions drawn are in many cases far too definitive. I am also
absolutely shocked by how the conclusions of the AR6 have been twisted by the authors in

a highly misleading fashion. Thus, the paper is completely unpublishable in its present
form.

I briefly summarize the conclusions of the eight case studies (the justification for my
statements is provided in my detailed comments):

Winter storm Filomena: unsubstantiated claim

French Spring cold spell: the expected result from thermodynamics

Westphalia Floods: unsubstantiated claim

Mediterranean summer heatwave: the expected result from thermodynamics

Hurricane Ida: the expected result from thermodynamics

Po Valley tornadoes outbreak: inconclusive (as in the IPCC for tornadoes in general)

Medicane Apollo: unsubstantiated claim

Late autumn Scandinavian cold-spell: such cold extremes do not warm

With the exception of the last one, which seems potentially interesting, the attribution
statements are either what one would expect from the IPCC reports, or they involve
unsubstantiated claims. That would not seem to provide much basis for a publication.

However, I can imagine a reframing of the results which could be publishable. For cases
where there are good analogues, no apparent changes in those analogues between
1950-1979 and 1992-2021, and a thermodynamic effect which is consistent with physical
understanding, the analysis supports a purely thermodynamic attribution of the event,
allowing a strong statement to be made. That is interesting in itself. For cases where there
are good analogues and apparent changes in those analogues between 1950-1979 and
1992-2021, the analysis raises questions about potential changes in dynamical conditions
in response to climate change. One cannot simply assume, as is done here, that any such

changes are anthropogenic; but one can articulate various hypotheses, based on the
literature. That would improve the quality of extreme event attribution and risk
assessment. And for cases where there are no good analogues, as is found here for
Filomena and Apollo, the identification of the events as ‘black swans’ is very important as
it suggests that a standard statistical attribution would be completely unjustified. This
would also improve the quality of extreme event attribution, as well as stimulating
research into how to treat such singular events.

Thus, I would suggest building more explicitly from the synoptic descriptions of the
events, which I found to be much along the lines of the wonderful study of Black et al.
(2004 Weather) on the 2003 European heat wave, and then articulate the contribution of
thermodynamic and of plausible dynamical responses to climate change, being careful to
avoid categorical language in the latter case (see detailed comments below). This could be
done without a drastic overhaul of the manuscript, hence my recommendation of major
revision rather than rejection. However, I need to emphasize quite firmly that many of the
problems I identify below are fatal, in my view, if not addressed.

Detailed comments

My jaw dropped when reading the very first paragraph of the paper (lines 19-29), which I
regard as a complete misrepresentation of the conclusions of the AR6 WGI report. The
SPM is cited in support of the statement that “anthropogenic climate change is critically
affecting the dynamics of weather extremes” (line 20). When I read the SPM for
statements about extremes, I can find no statement that could remotely be construed as
supporting any conclusion about attribution of changes in the dynamics of extremes to
anthropogenic climate change. (If I missed something, I would be happy to be corrected
on this point.) On the contrary, all SPM statements about changes in extremes would
appear to be anchored in thermodynamics. Even if the length of heat waves is increasing,
this does not imply a change in dynamics; it is simply that if the mean temperature
increases, then the mean time of exceedance above a fixed temperature threshold will
necessarily increase (all else being equal). I found two statements in the SPM concerning
potential changes in dynamics:

“B.3.2 A warmer climate will intensify very wet and very dry weather and climate events
and seasons, with implications for flooding or drought (high confidence), but the location
and frequency of these events depend on projected changes in regional atmospheric
circulation, including monsoons and mid-latitude storm tracks.”

“C.1.3 Internal variability has largely been responsible for the amplification and
attenuation of the observed human-caused decadal-to-multi-decadal mean precipitation
changes in many land regions (high confidence).”

The first statement says that future changes could depend on dynamics, which is a truism,
but is certainly not implying any kind of attribution or definitive knowledge. The second

statement is suggesting that dynamical modulation of the thermodynamic changes seen
so far can be mainly attributed to internal variability, not anthropogenic climate change.
Thus, the AR6 SPM is telling us that any forced changes in the dynamics of extremes are
highly uncertain, and that any observed changes are dominated by internal variability.

I also could find no statement in the Executive Summary of AR6 Chapter 11 (on extremes)
that could remotely be construed as supporting any conclusion about attribution of
changes in the dynamics of extremes to anthropogenic climate change.

In lines 20-23, this paper states “For summer, the AR6 report states that we are already
observing prolonged periods of extremely warm conditions (Horton et al., 2016) with
increased droughts leading to forest fires (Flannigan et al., 2000), species extinctions
(Román-Palacios and Wiens, 2020) and health issues for vulnerable populations (Mitchell
et al., 2016).”

As an elaboration of the preceding statement about changes in the dynamics of extremes,
and as a characterization of the AR6, this is completely misleading. Horton et al. (2016)
discusses the potential for changes in dynamics to affect the nature of heat extremes, but
makes clear that any such changes are highly uncertain and controversial, and in any case
this paper is not cited by AR6 Chapter 11. Perhaps the authors meant Horton et al.
(2015), which is cited by AR6 Chapter 11, but that paper is about observed trends and
makes no attribution, as would be implied by the word “already”. As noted above,
prolonged periods of warm conditions are a straightforward consequence of mean
warming and do not require a dynamical explanation. The statements about impacts are
similarly anchored in thermodynamic mechanisms.

In lines 23-24, this paper states “In winter, increased persistence of cyclonic and
anticyclonic structures leads to extremely wet and dry periods (Ogawa et al., 2018)”

The wording suggests that such a conclusion can be found in the AR6, but I could find no
reference to Ogawa et al. (2018) in Chapter 11, and as noted earlier, no attribution of
changes in the dynamics of extremes in the SPM or the Executive Summary of Chapter
11.

In lines 25-27, this paper states “Finally, the IPCC also warns that, in the shoulder
seasons, we observe a large variability of rains associated with both tropical and
extratropical storms and convective events, leading to an alteration of the hydrological
cycle (Gordon et al., 2005; Bala et al., 2010; Pendergrass et al., 2017).”

I could find no support for this statement either in Chapter 11 or in Chapter 8 (on the
hydrological cycle). There is an argument made for an increasing number of dry days in
many regions, but again the argument is based on thermodynamics/energetics.

Finally, in lines 27-29, this paper states “These trends are expected to accelerate in the
coming years, if the global efforts to reduce carbon emissions are not implemented swiftly
(Trisos et al., 2020).”

Trisos et al. (2020) is about biodiversity loss and while I haven’t read the paper, I would
be surprised if it was not based on the sort of thermodynamic arguments for increased
hazard represented in the AR6. It seems highly misleading to use that reference the way it
is used here.

I must admit that I am at something of a loss when I read the first paragraph of a paper
and find that every single sentence is highly misleading and a severe distortion of the
literature. In fact, I don’t believe that I have ever had that experience before. However,
this paragraph is only intended to be motivational, and I have no disagreement with what
is said in the rest of p.2, or the subsequent motivation for this study. Thus, while the
opening paragraph definitely needs a complete overhaul, I will press on with my review.

Lines 53-57: This wording appears to be suggesting that the authors consider any change
in any atmospheric statistic between 1950-1979 and 1992-2021 to be the forced response
to anthropogenic climate change. Quite apart from the potential inhomogeneity issue
arising from comparing reanalyses prior to 1980 (before the satellite era) and after 1980 –
which is always a serious concern, and needs to be addressed here – this approach seems
far too liberal, and out of step with both the scientific understanding of multi-decadal
variability (which is reflected, e.g., in erratic multi-decadal trends in the NAO), and the
IPCC D&A framework which requires agreement between the spatial fingerprints of an
observed trend and a well-accepted prediction from climate models in order to make any
such attribution.

Lines 64-65: How do you account for the large-scale changes in slp associated with the
thermodynamic effects of climate change, which presumably don’t affect the circulation
(since for circulation it is the horizontal gradients that matter), but would affect the
Euclidean distances? Note that Chapter 10 of the IPCC AR4 report had a strong statement
about increases in the strength of extratropical cyclones from climate change, largely
based on the single study of Lambert & Fyfe (2006); it was subsequently recognized that
taking minimum slp as a metric for extratropical cyclone intensity was fallacious as it was
subject to the confounding influence of large-scale slp changes, and the AR5 had to row
back on this statement. How can you convince the reader that you are not prone to the
same problem? This might particularly affect the persistence metric.

Lines 146-148: This very strong statement about changes in the wintertime North Atlantic
storm track, attributed to Chapter 4 of AR6, again seems highly misleading. What the
Executive Summary of Chapter 4 actually says on this subject is this: “Substantial
uncertainty and thus low confidence remain in projecting regional changes in Northern
Hemisphere jet streams and storm tracks, especially for the North Atlantic basin in winter;
this is due to large natural internal variability, the competing effects of projected upper-

and lower-tropospheric temperature gradient changes, and new evidence of weaknesses
in simulating past variations in North Atlantic atmospheric circulation on seasonal-todecadal timescales.” There is a big difference between what the CMIP models might show,
and what there is confidence in.

Lines 150-151 say “According to Seneviratne et al. (2021), the number of ECT (sic)
associated with strong winds over the North Atlantic and Europe will decrease.” But what
Chapter 11 of AR6 actually says is this: “There is low confidence in past changes of
maximum wind speeds and other measures of dynamical intensity of extratropical
cyclones. Future wind speed changes are expected to be small, although poleward shifts in
the storm tracks could lead to substantial changes in extreme wind speeds in some
regions (medium confidence).” How can this text from Chapter 11 of AR6 possibly be
twisted into the highly misleading and very categorical statement made by the authors?
The AR6 surely appreciates that the most intense ETCs could potentially strengthen
because of more latent heat release, and the current generation of CMIP models are far
from being able to give a definitive answer on this.

As a result, the statement made on lines 152-153, “Hence, Filomena-like storms would be
less probable in a future climate and would be less likely to produce such amounts of
snowfall and strong winds” is without foundation and far too absolute.

Lines 166-167: The histograms in Figure 2(p) are so ragged that I find it entirely plausible
that the changes shown might simply reflect sampling uncertainty. The sample size of 33
analogues does seem very small. How can you convince the reader that you have
captured a real difference here?

Lines 274-276 say “the persistence index Θ (o) is higher in the recent period, indicating
that recent cut-offs are more likely to stay stationary in Western Europe, leading to longer
lasting precipitation events and potentially more intense floods.” This is a remarkable and
completely unjustified jump from an observed trend in one particular index to an
unqualified attribution to climate change. So far as I am aware, there is no consensus
whatsoever on how persistent summertime circulation regimes will respond to climate
change, let alone the sort of regime that was conducive to the Westphalia floods.

Lines 376-377 say “As we have discussed in Section 4.5.1, very intense hurricanes will
become more frequent with climate change, and they will be more likely to undergo posttropical transition.” The language has considerably strengthened from that in Section
4.5.1, which was based on literature, and here, where it is unconditional. That increase in
level of confidence is unjustified.

Lines 460-461 say “there is a general consensus that the jet stream will shift northward
and therefore cut-off low will become slightly less probable on the Mediterranean sea”. No
reference is given for this statement, and it seems inconsistent with the AR6 Chapter 4
statement that “Substantial uncertainty and thus low confidence remain in projecting

regional changes in Northern Hemisphere jet streams and storm tracks”. Any such
statement would need to be substantiated, especially for the autumn season in question.

Lines 511-514: This seems highly speculative. I found the result for this case study very
surprising, and certainly worthy of further discussion if the implication is that certain
dynamical situations can prevent the expected warming from anthropogenic climate
change. (I have to say that I am finding it difficult to come up with a plausible physical
mechanism.)

Typos: you sometimes say ECT when you mean ETC
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