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“n Methodology for the Spatiotemporal Identification of Compound Hazards: Wind

and Precipitation Extremes in Great Britain (1979-2019)” by Alois Tilloy, Bruce D
Malamud and Amélie Joly-Laugel (discussion started 6 July 2021)
Reply to Referee # 1

We thank anonymous referee # 1 for their time in reading and commenting critically on our
manuscript ESD-2021-52 “A Methodology for the Spatiotemporal Identification of Compound
Hazards: Wind and Precipitation Extremes in Great Britain (1979-2019)”. We believe that the changes
to our manuscript based on the reviewer comments will significantly improve it, and we hope this will
be of use to the broader natural hazards’ community. Below we respond in detail to the reviewer, first
outlining the comments, and then our reply.

Lines numbers referred to by the reviewer are from our original manuscript submitted 6 July 2021,
and line numbers referred to in our replies are from our revised manuscript.

We also attach to this reply a track change document of the changes made to date, with green
indicating items that have been ‘moved’ from one section to another section.



Tilloy et al. (2021) Reply to reviewers (November 2021) Pa ge 20f8

Authors Reply to Anonymous Referee #1

[R1 Overview] “The authors present a method to identify compound hazards, in both space and time.
The description of the method is very detailed and precise. A large catalogue of observed wind-
precipitation hazards is additionally provided. It is used to assess the hazards identified by the
algorithm applied on wind and precipitation data from the reanalysis dataset ERA-5. The appendix
also contains several results that would deserve to be interpreted more in detail, and summarized in
the article itself. The hit rate between events from the catalogue and events identified by the
algorithm is quite high. However, it would be nice to see a discussion on the events that were not
captured. This study is relevant and well described, this article deserves publication after minor
revisions.”

[Reply to General Comments] We thank the Anonymous Reviewer 1 (R1) for the positive feedback
provided, and suggestion of (i) further interpretation in the text itself of our extensive appendix (thank
you for looking at this in detail, as often reviewer pass over the appendices), (ii) and additional
discussion on those events from the catalogue not identified by the algorithm events. Based on these
comments, we have revised the manuscript. We have done the following:

e We have added a description of the appendix in the discussion (see also R1-31)

e Assuggested by the reviewer, the colour scales of Figure 5, 11a, A2 and A3 have been modified
along with the legend and are now sequential colour maps, with homogeneous brightness
gradient.

e The quality of ERA5 product for wind and precipitation extreme is now extensively discussed
with new references. The attribution of missed events to the clustering method or ERAS is
also discussed in Section 6 of the manuscript.

Below, we provide detailed replies to the R1 specific comments (Author Replies—AR).

[R1 Specific comments 1 to 38]

[R1-1] I. 8 “Compound hazards are two different natural hazards". Actually two or more, as written in
conclusion |.629
[Reply to R1-1] Agreed. The first sentence of the abstract has been changed accordingly.

[R1-2] “Even if you are not using it, consider mentioning methods of threshold selection, in the
context of spatiotemporal clustering (e.g. Kholodovsky and Liang, 2021)”

[Reply to R1-2] We were not aware of this article, it is very relevant for this article, thank you. The
reference is now discussed in revised manuscript (1.106 p.5).

[R1-3] “I.50 space missing between period and 1979-2019.”
[Reply to R1-3] Change done

[R1-4] “1.56 the paragraph is a repetition of the previous one.”
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[Reply to R1-4] Change done

[R1-5] “I.67 repetition e.g.”
[Reply to R1-5] Change done

[R1-6] “Maybe don't introduce acronyms/variables if you don't use them more than twice (CHE 1.87,
x andy 1.90)”
[Reply to R1-6] Agreed. The acronyms have been removed.

[R1-7] “.171 You mention the literature regarding the quality assessments of ERA-5 precipitation, but
not on ERA-5 wind. Even if there is none, it can be worth mentioning it.”

[Reply to R1-7] Agreed. The following three recent references are now mentioned and their findings
are now discussed (Minola et al., 2020; Molina et al., 2021; Zscheischler et al., 2021) (1.169-172, p.8).

[R1-8] “Sometimes the word "footprint" refers to spatial footprint only, sometimes spatio-temporal
footprint. | would recommend being consistent, and maybe always write “spatial footprint" when it is
only about spatial considerations.”

[Reply to R1-8] We agree this can be confusing. Thorough the manuscript, the word footprint refers
to the spatial footprint only, even if this footprint is calculated over the aggregated duration of the
compound hazards event. To make this less confusing, the words spatial and spatiotemporal in front
of footprint have been removed and the definition of “footprint” in the study is given 1.33: “Here, the
spatial scale (the ‘footprint’) refers to the area over which the hazard occurs”

[R1-9] “It should be \Fig-5."
[Reply to R1-9] Changes done (l.225)

[R1-10] A general remark about the figures: when plotting continuous variables, instead of qualitative
color maps | would highly recommend using sequential color maps, with homogeneous brightness
gradient. Consider changing color maps in figures 5., 11a., A2, A3 and A®6.
[Reply to R1-10] Thank you for this comment. We did use sequential colours in the maps but failed to
reflect this in the legend (thank you spotting this). We however acknowledge that the colour scales
used were not optimal as they contained too many colours. After consultation of good practices, we
changed the colour scales for the following figures:
e Figures 5 and A2, A3: Colour scales have been changed to sequential colours with sequential
legends
e Figures 11 : The colour scale of (a) has been modified and the legend has been changed
appropriately to also be sequential.
Finally, Figure A6 was left as it is as we think the colour gradient used brings out the gradation of
patterns for spatial dependence.

[R1-11] “.259 Please motivate a bit more the choice of r = a=b (earlier or/and in more details than in
the discussion part)”

[Reply to R1-11] The action of clustering extreme values in time and space implies a weight in both
dimensions. The main driver behind setting the parameter r is to make the spatiotemporal cube
unitless and detect continuous clusters in time and space. Furthermore, the sensitivity analysis shows
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that this parameter has a limited influence on the number of clusters detected. Sentences developing
these points have now been added in Section 4.2.1 (1.257-263 p.13).

[R1-12] “.271 | do not fully understand yet the definition of the number of neighbours a point needs
to be considered a core point, and therefore generate a new cluster. Does it refer to a maximum size
of a cluster, beyond which the remaining gridpoints are considered as another cluster? And 1.272
[Section 4.2.2] why does this value have to be larger than the number of dimensions plus one?”
[Reply to R1-12] A detailed definition of core points is provided in Supplement 1. We now highlight
this at the end of Section 4.2.2 and state at the beginning of Section 4.2.2 that the value of the density
threshold must be larger than the number of dimensions plus one because it a requirement of the
DBSCAN algorithm method (Ester, 1996).

[R1-13] “.274 Please provide some reference about the tendency of ERA-5 to smooth extremes.”
[Reply to R1-13] References for precipitation and wind extreme underestimation have now been
provided in Section 4.2.2.

[R1-14] “I can see that 1.276 and 277 are some background to motivate the choice x = 10, but the link
is not clear to me yet. 1.279 “from at least 1 to 10 hours", is 10 hours a maximum duration? the area
between 5200 and 400km2" is a duration of 1 h associated with maximum 5200 km, and 10h with
maximum 400km2 ? Are those value chosen to capture the convective events only, described in the
previous sentences?”

[Reply to R1-14] We recognise that this section is probably a bit confusing. It means that the minimum
spatiotemporal extent of a cluster is comprised between 1h-5200 km2 and 10h-400km?2. The text in
Section 4.2.2 has been modified to improve clarity.

[R1-15] “I. 285 about the “knee in the plot", maybe give some more details in Supplement 1 about
how is exactly defined the knee. Is it the location of a specific value of the gradient?”

[Reply to R1-15] We did not use the gradient to identify the knee of the plot. The automatic detection
is based on the computation of the distance between a straight line (green line in Figure 1) connecting
the two extremities of the curve representing the sorted Euclidean distance to the 10th nearest
neighbour (10-NN), (black dots in Figure 1). The knee is identified as the coordinate where the
Euclidean distance between the green line and the 10-NN curve is the largest . This largest distance is
represented by red dashed line in Figure 1 and its extremities are represented with red dots. The
neighbour parameter € for a particular set of points is then the y-coordinate of the point on the 10-
NN curve (red point on the 10-NN curve in Figure 1) with the largest distance to straight line
connecting the two extremities of the 10-NN curve. We have now added this previous sentence to
Supplement 1 (p.3).
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Figure 1: lllustration of the knee automatic detection method

[R1-16] “I.295 it should be Fig. 6.”
[Reply to R1-16] Change done

[R1-16] “Why does the 10 -NN neighbourhood include nmax = 44 points?”
[Reply to R1-17] It is due to the values of the different parameters, this is illustrated in supplement
figure 1.3 (we now mention this in the text 1.300 p.15).

[R1-18] “Fig 7. This figure is a very good added value for understanding the definition of compound
events you use. | guess the blue dashed lines mark out the compound event defined in the end. As it
is present in the schematic of temporal overlap, maybe you can add it in the one of spatial overlap.
And maybe use another color, so that it is more visible in a) b) ¢) and d).”

[Reply to R1-18] We have added a dashed line for spatial overlap and changed the colour to black to
make it more visible.

[R1-19] “1.331 Could you comment about the relevance of the choice AND for spatial and OR for
temporal, in terms of impact?”

[Reply to R1-19] We wanted our definition to be relevant in term of impact and this was a driver of
our choice. A justification for the temporal scale is now provided [ it is p.16 For the spatial scale, we
chose the AND to emphasize the compounding effect of triggering a potential impact. A sentence
commenting on the relevance of the choice made in the article in terms of impact was added in the
paragraph following Fig. 7 (1.335 p.17). A sentence opening on other potential definitions was also
added in the discussion (1.620, p31).

[R1-20] “I.345 Can you justify the choice of maximum precipitation as intensity attribute, and not
accumulated precipitation over the period of the event?”

[Reply to R1-20] The intensity attribute selected is the maximum accumulated precipitation over the
period of the cluster. It represents a local maximum of accumulated precipitation for a cluster. It
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echoes the peak wind gust which is also a local maximum over the period of the cluster. A clarifying
sentence has been added (1.360 p.18).

[R1-21] “1.371 “This confrontation highlights not only our methodology's capabilities, but also the
ability of the ERAS reanalysis to detect different types of extreme events in Great Britain": this is true
if you find an agreement between the two datasets. In case of disagreement, how can you identify the
source of it, between your methodology's capabilities and ERA5 performance?”

[Reply to R1-21] That is an excellent question. The performance of the method developed here is
assessed using a catalogue of major events built using different observational datasets which are not
related to ERAS. This approach makes the disentangling of the influence of the clustering method (SI-
CH) and the data (ERAS5) difficult. A way to do identify the source of the performance would be to
apply the clustering method to a different dataset, ideally observational (e.g. CMORPH for
precipitation). Additionally, The hit rate observed in this study for extreme precipitation is higher than
the one obtained by to Rivoire et al. (2021). This could be suggest that the clustering method used in
the present study improves the ability to identify extreme events with ERA5. However, differences in
spatial and temporal resolution of the extremes and of the reference dataset make the comparison
between the two studies complicated. This paragraph has been added to the discussion (1.628-635
p.31-32).

[R1-22] 1.497 Among these 147 events, 64 (43.5%) have one corresponding cluster" maybe add
exactly" Among these 147 events, 64 (43.5%) have exactly one corresponding cluster"
[Reply to R1-22] Change done

[R1-23] “I.500 The reader can be confused between the origins of the hazards (the catalogue of
observations and the output of your method), you can be a bit more specific, e.g. “109 are identified
by our algorithm as compound hazard events".”

[Reply to R1-23] Just above Fig. 11, the sentence you are referring to has now been clarified and

another sentence has been added.

[R1-24] “1.515 I would recommend to use the variables you introduces in table 1, to be more specific:
sorted pa or w at each gridpoints" instead of "the sorted sample"”
[Reply to R1-24] In the sentences after Egs. (3) and (4) (1.532 & 1.535), we have now introduced the

|ll

variables and improved clarity. Note that the total “sample” is the total amount of precipitation

accumulation and wind peak values from all clusters.

[R1-25] “In the caption of figure 13: describe in the corresponding order "Spatial-quantile plot for
18,086 precipitation, 6190 wind, and 4555 compounds cluster
[Reply to R1-25] Change done

n»n

[R1-26] “1.547 The spatial footprint is defined by the percentage of gridpoints concerned. However,
the “real" size of the gridpoints depends on the latitude. Can this have an impact when comparing
hazards in different regions of the studied area, in Figure 13?”

[Reply to R1-26] Yes, this can have an impact. As mentioned in Section 3, the “width” of a grid cell
varies from 14.3 km to 18.6 km from north to south. This means that the cell real area is between 398
km? and 517 km? (change of approx. 30%). The approximations made here makes event occurring in
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the northern part larger than they really are but we do not believe that the conclusions of the study
and the shape of the curves in Fig. 13 are deeply impacted. Such approximation would be more
impactful if applied on a wider area (e.g. pan European) and would probably require a modification of
the grid. A sentence has been added after Fig. 13 (1.566-568 p.30).

[R1-27] “1.560 I do not fully understand the end of the paragraph, could you reformulate your point?”
[Reply to R1-27]. The paragraph (1.577-588 p.30) have been edited and reformulated. The point was
to highlight the fact that one event in the catalogue can match more than one cluster from the
database.

[R1-28] “.565 maybe say that the event 136 is the one presented in figure 12b.”

[Reply to R1-28] For more clarity, a new example is provided with event 62 which is associate with
one large and intense cluster and numerous smaller clusters. Clusters matched with event 62 are now
displayed in darkgreen in Figure 13a.

[R1-29] “Can you comment on the 10 events present in the catalogue that the algorithm did not
detect?”

[Reply to R1-29] The 10 of 157 events present in the catalogue but not detected by the algorithm are
heterogeneous with no clear seasonal pattern. Among these ten events, six do have temporally
corresponding clusters, where clusters occur the same day as those detected by the algorithm but in
other NUTS2 regions. These events are small or medium scale events (8 of the 10 reported in less than
3 NUTS2 regions). Finally, 7 out of 10 events are extreme precipitation events. The absence of clusters
associated to some events means that there was not a sufficient amount of extreme values of
wind/precipitation in the NUTS2 region where the significant event occur to trigger the creation of a
cluster in that area. This could be due to the high value of the threshold for extreme values (q=0.99).
Another explanation is that ERA5 could not reproduce these events, as the dataset can miss localized
extreme, this is particularly true for precipitation (see relevant section). A paragraph based on this
answer has been added below Fig. 11 (1.515-523 p.26).

[R1-30] “Briefly discuss about the identification of compound hazards in the context of climate
change.”

[Reply to R1-30] A sentence discussing the approach in the context of climate change has been added
in the penultimate paragraph of the conclusion (1.675-678 p.33).

[R1-31] There are lot of results in appendix. You could maybe summarized them somewhere in the
article itself?
[Reply to R1-31] We have now summarized the appendix main figures in the discussion.

[R1-32] 1.637 complementary
[Reply to R1-32] Change done

[R1-33] “Figure A1 why is the proportion of CE strictly increasing with the footprint area, and not with
the duration? Maybe you can interpret a bit further Fig A1.”

[Reply to R1-33] We have added the following sentence to Appendix A: “A similar pattern is visible
when the duration of the cluster increases (Fig. Alb), with a sharp increase of the proportion of
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compound hazard clusters up to a duration of 30 h and a slow increase above that value. This could
mean that above that duration, clusters belong to a physically homogeneous group that could be
extra-tropical cyclones (as suggested by Figs. A4 and A5).”

[R1-34] “1.689 LMF is interesting to study in this context. | would repeat the argument of the color bar
choice here: it should differentiate LMF greater and lower than one.”

[Reply to R1-34] In Fig. A3, LMF is always greater than 1 with a minimum value of approximately 3
and a maximum value of 10. However, thanks to this comment, the LMF map has been updated as the
one in the original manuscript was an outdated version (clustering without guard area). The Colorbar
has been modified.

[R1-35] “.706 Can you interpret the seasonality in terms of weather regimes?”

[Reply to R1-35] We tried using Lamb Weather types (Lamb, 1972) to find patterns in the occurrence
compound hazard clusters, however the results were not very convincing. It is however likely that
more appropriate weather regimes classification exist for the UK. It could be an interesting analysis to
be conducted by those experts (e.g., at the Met Office) working with weather regimes, and we would
welcome liaising with them if they were interested.

[R1-36] I.713 Fig. A5?
[Reply to R1-36] Change done

[R1-37] 1.731 It is the empirical probability, right?
[Reply to R1-37] Yes it is. It is now clarified in the text.

[R1-38] Fig.A6, consider adding on the plots the cell of reference.
[Reply to R1-38] This is a good remark. In Fig. A6, the cell of reference is the only purple cell (Ps=1)
and therefor is highlighted in this way.
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