Response to reviewer #1 of “The role of morphology on the spatial distribution of short-duration
rainfall extremes in Italy” by Mazzoglio et al.

C: This study examines the impact of elevation and other geomorphological factors on the distribution
of the average annual maximum precipitation of durations of 1 and 24 hours in Italy. The topic is of
high scientific interest and relevant to the readers of this journal. The paper has a practical and data-
driven cut, and provides quantitative analyses of use to practitioners and local stakeholders. | think it
can represent a suitable contribution to this journal, provided some aspects are addressed. The list
below only includes references not present in the manuscript. Their purpose is to support the
reasoning and should not be considered as recommended.

R: We thank the reviewer for appreciating our work and for providing useful comments that will allow
us to increase the quality of the study. We will review the manuscript according to his suggestion.

C: COMMENT #1. While the paper has a clearly practical cut, | am missing an attempt toward the
understanding of the physical reasons behind what is found. | think this should be at least attempted in
the discussion, possibly putting the findings in perspective with what is already known on the topic.

R: Our study was designed to investigate the influence of geomorphological parameters on the spatial
distribution of rainfall extremes. We recognize that in our paper the data-based approach is
predominant against a physical/analytical approach, but this approach finds its relevance in the first
use of the most complete data collection of short-duration annual maxima available for the whole of
Italy. As regards the previous knowledge on the topic, our analyses allowed us to better understand,
confirm and extend previous results from the literature. They include analyses already available for
limited regions in Italy or of other countries (e.g., the one suggested by Prudhomme and Reed for
Scotland, mentioned in Section 3.1). In this regard, the discussion section of the paper will be improved
by inserting additional comments about the results that we obtained.

As an example, we will rewrite rows 241-247 as:

It is interesting to compare the results obtained for the individual Alpine region with those of
Allamano et al. (2009), who analyzed almost the same area. In that case, the ADD curve
parameters appeared to be related to elevation and longitude. The same study also estimated a
regression model by linear regression for the different durations between rainfall depth,
elevation and longitude. The dependence of short-duration rainfall on elevation and longitude
was found to be statistically significant for all the time intervals, except for the 1-hour duration:
in this case, the longitude was not statistically significant. In our application, the best
relationships found for h, and h,, are those of Eqgs. (15) and (16) (characterized by R%u4 = 0.75
and 0.76, respectively):

h, = 60.9365 — 1.6664 -10° - LAT — 0.0046 -z + 0.0148 - MAR + 25.1825 - OP (15)
h,4 = 59.0632 — 7.2955 - 10™ - LON —0.2223 - C + 0.4306 - OBS + 0.0822 - MAR (16)

As expected, the h, - z relationship has a negative slope and the Eq. (15) does not include the
longitude as covariate, in agreement with Allamano et al. (2009).

We will also rewrite the first paragraph of the discussion as:



Different regression approaches are used in this work to investigate the role of morphology on
the spatial distribution of short-duration annual maximum rainfall depths in Italy. A nationwide
multiple regression model that includes morpho-climatic attributes represents a significant step
forward with respect to the simple regression model, as the error statistics show. Further
improvements, in terms of MAE and RMSE, have been obtained through the application of
distinct multiple regressions to four macro-regions, i.e. the Alps, Peninsular Italy and the main
islands (Supplement n°4). Their effectiveness is also confirmed by the increase of the adjusted
coefficient of determination (R?qg;) with the increase of the number of covariates (as reported in
Section 3.2 and in Supplement n°1). A national-scale multiple regression model generally
provides high negative residuals over Sardinia and high positive residuals over Sicily, while the
four-region multiple regression model is able to significantly improve this result (see
Supplement n°2-4 for more details).

Among all the considered geomorphological classifications, the selection of rain gauges for the
model application is more effective in the case of GC4 (Alvioli et al., 2020), which embeds also
hydrographic information. The GC4 model behaves reasonably well for both the 1- and 24-hour
durations, compared to the multiple regression models, as far as the national scale is
considered. Table 5 summarizes all the previously mentioned statistics.

C: COMMENT #2. The state of the art presented in the manuscript mostly focuses on the examined
study region (ltaly), and is implicitly limited to cover what is relevant to this specific study (i.e. mean
annual maxima). However, | feel a wider perspective should be provided, especially when claiming:
“The impact of the orography on extreme rainfall depths and [...] are still not sufficiently understood
for sub-daily rainfall events” (lines 29-30). Specifically, since not much is known, but something has
been done, | think that the state of the art should be presented with some more detail. Some
examples include Panziera & al 2016, Papalexiou & al 2018, Rossi & al, 2020. Marra & al 2021 is also
relevant and currently cited in the manuscript but, to my view, supporting a sentence that is not
directly addressed by these authors, so it should be either removed or appropriately presented.

R: We agree with the reviewer that discussing the relevance of our manuscript in a wider perspective
would help. To provide a broader perspective we will refer to other studies in the Introduction, while
keeping the chosen focus on works related to short-duration annual maximum rainfall depths
measured with rain gauges. The reference Marra et al. has been removed from row 26. We will insert it
in Section 2.2 where it better supports our results.

C: COMMENT #3. One of the main findings presented in the study (lines 14-17) is that elevation alone
is as important as (or less important than) geographic location (lat, lon, distance from the coast) in
explaining the average annual maximum precipitation, and that the impact of orography emerges
more clearly at the local scales (lines 18-20). | have some trouble with this reasoning. I'll try to explain:
(a) what the authors present as a finding seems to me rather obvious: geographic location dominates
over orography, unless we expect extremes in Caltanissetta (southern Sicily, 568 m a.s.l.) to be more
similar to extremes in Aosta (western Alps, 583 m a.s.l., ~1000 km away) than to extremes in Agrigento
(southern Sicily, 230 m a.s.l.,, ~50 km driving from Caltanissetta) due to the similar elevation. I'm not
sure how this can be presented as a finding; my underlying hypothesis would be exactly what here is
presented as a finding, i.e. that geographic location is more important than elevation, and that
elevation modulates the extremes, for example by altering some properties of the storms that occur in
a given area; (b) once one accepts the above hypothesis (or finding), the need for “countrywide”



analyses on which the authors put emphasis in the introduction loses part of its scientific interest,
while indeed maintaining vast practical interest. To my view, this aspect might require some work on
rephrasing introduction and presentation of these results.

R: We thank the reviewer for raising the issue, that allows us to better clarify the rationale of our
approach. Indeed, in a so elongated shape as that of the Italian peninsula we seem to agree that
geography should play a major role in the spatial distribution of extremes, even though no such specific
was always mentioned at the country level (see e.g. Faulkner and Reed, 1998, for the UK, Avanzi et al.,
2015, for Italy). The point is, if this role is found: “how can we quantify” it? How important will be the
aggregate information coming from all over a country to justify the findings? Does this piece of
information alone carry most of the spatial variance? Let’s cover the above points in order.

If, on the one hand, the 24-hour index rainfall extremes express (in our findings) a clear overall
dependence on the geographic location at a full national scale (Eq. 14), on the other hand the same
does not apply to 1-hour extremes (Eq. 11). In an area with a lesser span in latitude (the Italian Alps)
the 1-hour extremes curiously show some dependence on latitude (Eq.15). This outcome, once
compared with the one at the full national scale, suggests that this relation with ‘geography’ could
derive from some other hidden mechanism. Formetta et al. (2022) seem to follow the same reasoning,
accepting empirically a role of geography through the partitioning by longitude of an even smaller area
(the province of Trento) before applying their statistical analyses.

While the multivariate regression can be a good tool to express geographic dependence -and on 24-
hour extremes the national scale helps in drawing some general findings- in our paper we point out
that the residual errors in large clustered areas are still very significant, even after considering the role
of the geographic location. Therefore, geographic attributes seem not to drive uniformly the variability
of rainfall extremes all over Italy, as the high residuals of the multiple regression over these areas do
not apparently follow any latitudinal/longitudinal gradient. These findings can only derive from a
“countrywide” analysis.

The subsequent investigations undertaken in the paper descend from the above considerations, i.e. the
building of regressions in morphological regions that are a fraction of the whole area is an attempt to
overcome the lack of regularity in the dependence found between rainfall and geography.

In the new version we will clarify these points.
In order to avoid misunderstanding we will rewrite lines 14/17. We plan to substitute

The results of the national-scale regression analysis did not confirm the assumption of elevation
being the sole driver of the variability of rainfall extremes. The longitude, latitude, distance from the
coastline, morphological obstructions and mean annual rainfall resulted to be significantly related
to the index rainfall, and to play different roles for different durations (1- to 24-hours).

with

The results of the national-scale regression analysis did not confirm the assumption of elevation
being the sole driver of the variability of the index rainfall. The inclusion of longitude, latitude,
distance from the coastline, morphological obstructions and mean annual rainfall contributes to
explain a larger percentage of the variance and resulted to be significantly related to the index
rainfall and to play different roles for different durations (1- to 24-hours).

C: COMMENT #4. As the authors mention in lines 23-26, orography affects precipitation in rather
different ways when one considers the lee side and the wind side of an orographic barrier. This is
expected to differently alter the characteristics of extremes at multiple durations, as shown by Avanzi
& al. 2015 for the very same region examined in this study, and by other authors in other regions.



| wonder why this information is not included among the factors examined in this study (for example
separating typically-wind sides from typically-lee sides), and whether it could represent a relevant
explanatory factor in the used models.

R: We agree with the reviewer on the importance of this topic. In this regard, we can mention the work
by Pelosi and Furcolo (2015) who addressed the role of local prevailing wind directions on the wind-
and lee-side effects. In their regression-based analysis over the Campania region, they introduced as a
covariate the “exposition”, defined as the cosine of the angle between the dominant direction of the
wet air masses and the principal direction of inertia of each “orographic object”. Their approach did not
set a final stage to the issue, being not suitable for an automatic extension to the whole of Italy, and
for the subjectivity in defining the nature of the “dominant” wind to be computed and used in the
analysis.

A thorough treatment of this topic was already attempted by Prudhomme and Reed (1998). In their
regression models they used a variable named “EXPO” defined on the basis of previous works, like
Basist et al. (1994) and Konrad (1996). Basist et al. (1994) defined an exposure variable as the distance
between a rain gauge and an upwind barrier whose elevation is at least 500 m higher than the station;
Konrad (1996) used a threshold value of 150 m and Prudhomme and Reed used a threshold of 200 m.
They concluded that the definition of EXPO has several drawbacks, as it is based on arbitrary thresholds
and is defined in a unidirectional way. Thus, they introduced new variables to address these
shortcomings, as the distance from the sea, the obstruction and the barrier. Their results confirmed
that the obstruction (that is evaluated in the 8 main directions) explains a much larger percentage of
variation in the annual maximum daily rainfall than the EXPO variable (evaluated in only one direction).

Based on the above considerations, in our work we decided to follow the same approach of
Prudhomme and Reed, using barrier, obstruction and distance from the coastline as covariates. On the
other hand, we agree that, for its undeniable importance, the interaction between the mountain ridges
and the prevailing wind well deserve the massive and specific efforts required to produce concrete
results at the Italian scale. It is, however, outside the scopes of this paper and will be hopefully the
subject of future works.

C: COMMENT #5. As the authors mention, only few "countrywide" analyses are published, and one of
them is indeed in Italy (Avanzi & al 2015) — others are for example Papalexiou & al 2018 and Panziera
& al 2016. However, since countries are characterized by vastly different spatial extents, orographic
settings and climatic conditions, | suggest using a more general term to define and discuss the
examined scale (e.g., continental/regional/local or something on this line, as opposed to
“countrywide”).

R: We thank the reviewer for this comment. We will replace the name “countrywide” in the text with
“national”.

C: COMMENT #6. Lines 97-99: did you check the intermediate durations? If yes, it would be important
to mention the results in the text (one sentence is probably enough). Otherwise, one could object that
monotonous behaviors between 1 hour to 24 hours were indeed reported in previous studies, but also
important deviations from the simple scaling for durations close to 1 hour were found (e.g., Marra & al
2021), asking whether such deviations could imply non-linear or even non-monotonic changes
between durations.



R: In an exploratory systematic analysis we assessed most methods on all the durations. We then
decided to continue only on 1 and 24 hours because they are clearly related to different event types
(convectives and stratiforms), as stated in rows 97-99. We would prefer not to draw conclusions on the
intermediate durations considering that complete tests were not performed. A quite similar analysis is
already included in Allamano et al. (2009) that, however, is based on the definition of small areas
(delineated in a subjective way) to be used to test the simple-scaling approach. Performing this type of
analysis on a high number of small areas is not straightforward, while a national-scale analysis could
be, in this case, not so effective. The results of the multiple linear regression analyses in terms of model
coefficients could be easily summarized in a table (as performed in Faulkner and Reed, 1998). However,
since we decided to discard the multiple regression approach to focus on a local-scale application, we
prefer not to put much emphasis on an intermediate method.

C: COMMENT #7. Line 176-177: why did the authors explore a radial limit of 5 km for the computation
of the geomorphological factors? Are 5 km sufficient to explain local orographic impacts at multiple
durations?

R: The 5 km radial limit has been obtained after a sensitivity analysis. We tested different distances,
from 1 to 30 km. We observed that the correlation coefficient between mean rainfall depth and
openness (as function of the radial limit) has an asymptotic horizontal behavior at distances larger than
5 km. This makes this radius measure the most meaningful to use.

In the revised version of the manuscript we will include this information.

Minor:

C: Line 11: my understanding is that the study focused on the average annual maxima, perhaps it is
better to directly state this instead of “average of rainfall extremes”, because extremes are subject to a
number of definitions.

R: We thank the reviewer for having pointed that out. We will correct this definition in the new version.

C: Lines 70-74: it should be perhaps mentioned explicitly that this is the “simple scaling” approximation

R: We will correct it in the new version.

C: Line 120: “compared to”

R: We will correct it in the new version.

C: The symbol used for elevation changes between z and Z. | suggest to choose one for consistency.



“",n
z.

R: Thank you for having spotted this inconsistency. We will correct the manuscript using

C: Line 180 and following: usually boldface italic fonts are used to represent vectors
(https://www.hydrology-and-earth-system-sciences.net/submission.html).

R: We will check and correct this part in the next version of the manuscript.

C: Line 186-188: something sounds off with this sentence

R: We asked to a native speaker of English professional translator to carefully check the language
before the new submission.

C: Line 202-207: | wonder whether the equations contain too many significant digits, but | leave this to
the authors to assess

R: If possible, we would prefer to keep the equations as they are.
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