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The authors would like to warmly thank the anonymous reviewer for his.her useful
comments and suggestions which will help to significantly improve the manuscript.
Please find below our answers to the reviewer comments:

*)The manuscript is difficult to follow. The flow data are first described as coming from
three catchments, then two, and finally one catchment, being runoff from a heavily
regulated catchment where the considered flow is the combined flow from two of the
smallest catchments.
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response:

Sorry for the confusion probably due to the lack of details when using the discharge
dataset. The study focuses on the upper Rhône River catchment, for which the
Rhône@Bognes gauge station records daily mean discharges at the outlet of the
catchment (10 900 km2). To study the flood dynamic within this catchment, three sub-
catchments have been also considered: (i) the Geneva catchment (8 000 km2) with the
Rhône@HDI gauge station at the outlet of this sub-catchment, (ii) the Arve catchment
(1 900 km2) with the Arve@BDM gauge station at the outlet of this sub-catchment,
and (iii) the Valserine catchment (1 000 km2). For this latter sub-catchment, no gauge
station is available, the daily mean discharge is thus estimated as follow: discharge of
the Valserine catchment = Rhône@Bognes – (Rhône@HDI + Arve@BDM).

*)The data are described as being adjusted for seasonal variation, but all results are
reported as flow values.

response:

In fact, we display deseasonalised anomalies evolutions of the discharge for the 4
flood-types in Figs. 5, 7 and B1, to capture how abnormal were the discharges during
the floods. In this study, when we talk about “anomalies” of discharge, it always refers
to the “deseasonalised anomalies”.

However, we also show the daily flow values associated with the 28 flood events in the
Fig. 6, this is not “anomaly” but the observed daily mean discharge values associated
with the 28 floods, to identify the strongest floods of our sample of high-magnitude
flood events.

The manuscript will be changed to avoid the confusion; we will clarify this point from
the beginning.

*)With respect to the precipitation two sources are available, station data and ERA-20.
I have not worked with ERA-20, but I expect that it - like the other ERA reanalysis
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products - to some extend are based on measured station data for precipitation, at
least for some of the years. Hence the study most likely uses and compares different
data products on which on is based on the other. Please clarify what data sources are
used in the study and how they are used.

response:

The gridded ERA-20C reanalysis are indeed used as daily precipitation dataset over
the 1923-2010 period. The full description of the ERA-20C reanalysis is given in Poli
et al. (2016), where the authors explained the data assimilation procedure. The obser-
vations assimilated in the ERA-20C reanalysis are:

- the marine wind;

- the surface pressure;

- the sea ice concentration;

- the sea surface temperature;

- the solar radiation;

- the tropospheric and stratospheric aerosols;

- ozone;

- and the greenhouse gases.

No precipitation observation is assimilated in the ERAC-20C building process. Hence,
the ERA-20C precipitation dataset is independent from the weather station data we
used for the evaluation.

Poli, P., Hersbach, H., Dee, D.P., Berrisford, P., Simmons, A.J., Vitart, F., Laloyaux, P.,
Tan, D.G.H, Peupley, C., Thépaut, J.N., Trémolet, Y., Holm, E.V., Bonavita, M., Isaksen,
L., Fischer, M.: ERA-20C: An Atmospheric Reanalysis of the Twentieth Century, J.
Clim., 29, 4083-4097, https://doi.org/10.1175/JCLI-D-15-0556.1, 2016.
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*)I don’t understand how Figure 2 can be used to deduct exactly which data are used
in the cluster analysis and how.

response:

This point has been also highlighted by Reviewer 1. The text will be changed in order
to better describe our methodology and to avoid the confusion.

Fig.2 is indeed a bit difficult to understand.

To capture the main flood characteristics (i.e. as proposed by Merz and Blöschl, 2003,
short-rain or long-rain floods), we tested different time sequences of precipitation oc-
curring prior to the floods. This allows to highlight the time sequences that have the
main influence on the 28 observed flood events.

We focus on two aspects: the precipitation duration (number of consecutive days) and
the occurrence of the precipitation sequence (with respect to the flood day). In total,
we studied 10 precipitation durations (from 1 to 10 consecutive days). The mean per-
centile is thus computed for these 10 durations. Then, to analyse the signature of the
occurrence of the precipitation sequence on the flood day, we compute the mean per-
centile of the 10 precipitation sequences for 11 ending times (from 10 to 0 days prior
to the flood).

To illustrate this approach, Fig. 2 is proposed as a conceptual graphic illustrating the
10 precipitation sequences, i.e. from 1 to 10 consecutive days (y-axis) which end from
10 days to 0 day before the flood day (x-axis).

The selections of the precipitation durations and the ending times are based on the
analyses of Fig.3 and 4, respectively. Fig.3 displays the mean percentile values asso-
ciated with each of the precipitation duration (colours) and for each ending time (Up
to. . .). It aims at identifying the durations that have the greatest influence on the 28
flood events. The higher the percentile value is, the more the precipitation duration is
related to high precipitation accumulation, compared to the entire period studied. From
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Fig.3, the following comments can be made: the precipitation accumulation has the
greatest influence on the floods when we consider the precipitation sequences until
the day before the flood (D-1) whatever the duration.

Fig.4 displays the distribution of percentile values for the 10 precipitation sequences
ending at D-1. The selection of the best duration related to the high precipitation accu-
mulation is based on precipitation sequences that present the highest mean percentile
values and a weakest dispersion within the 28 flood events. The 2-day and 8-day
durations are thus selected based on Fig.4.

*)I also find it questionable that the author selects as a proxy for flood the maximum
daily flow rates from a catchment that has a concentration time of about 1 day (line
193), after which they conclude that the main type of flood generation mechanism is
precipitation. This seems to follow from the design of the study rather than a finding.
The delayed response is hence more likely a result of the operation of the dams in the
catchment.

response:

We are really sorry but we do not fully understand the meaning of your comment.

Since our introduction was not clear enough to present our objectives (see the last
point below), there is probably misunderstanding on the basic assumption of this study.

*)There may be value in the manuscript that I overlook. But in its present form I can-
not recommend publication, nor can I give good guidance on how the authors should
improve the paper.

response:

According to your feedbacks as well as those from the 2 other reviewers, we realize
that the objectives were probably not stated clearly enough in the first version of the
manuscript. Please find below the clarified question, motivations and objectives of this
study. In the revised manuscript, the introduction will be thoroughly modified to make
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these points clearer.

A set of previous studies based on data series starting from the 1960s have shown that
regular alpine floods (with annual/sub-annual occurrence) are complex events resulting
from numerous processes in interaction like rain variability, snow/ice-melt dynamics,
and soil moisture evolution (e.g. Merz and Blöschl, 2003; Sikorska et al., 2015; Brunner
et al., 2017; Keller et al., 2018). On another hand, a set of studies focused on single
flood cases seen as the largest historical floods and showed that these “extreme” floods
mainly result from heavy precipitation accumulations (e.g. Blöschl et al., 2013; Ruiz-
Bellet et al., 2015; Brönniman et al., 2018; Stucki et al., 2018).

As stated by Alfieri et al. (2015), “the assessments of the future flood hazard are
commonly performed by coupling atmospheric climate projections with land-surface
schemes and hydrological models”. Accurate flood hazard projections are required by
the decision makers in charge of flood risk reduction and water resources management
at local to regional scales (Kundzewicz et al., 2016). However, expected changes in
the magnitude and frequency of floods are highly uncertain, mainly due to i) the large
uncertainties of extreme precipitation projections by the global and regional climate
models (Sillmann et al., 2013; Kundzewicz et al., 2014; Mehran et al., 2014) and ii) the
uncertainties of hydrological modelling (Dankers et al., 2014).

To overcome the uncertainties in the high-magnitude floods hazard projections, and
as proposed by Farnham et al. (2018), a complementary approach that would rely on
direct links between atmospheric processes and flood occurrences is used in this study.
This approach assumes that i) flood events mainly result from “extreme” precipitation
and ii) that atmospheric features resulting in “extreme” precipitation can be used as
predictors of such events directly from climate projections (e.g. Farnham et al., 2018;
Schlef et al., 2019). In this study, we explore the first point, i.e. in what extent the
generation of high-magnitude flood events in a large mountainous catchment can be
explained by precipitation only. We also analyse the features of precipitation, i.e. its
duration and its accumulation, associated with such natural hazard.
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To reach this objective, we propose a new approach, at the intersection between the
study of regular alpine floods and of largest historical floods, discussed above. We
study historical floods that occurred in a given large mountainous catchment and we
use long discharge and precipitation datasets (almost a century) to get a “robust” sam-
ple of high-magnitude flood events.

Our key results are:

- Precipitation alone seems sufficient to explain 13 of 28 flood events (types 2 and 4).
Conversely, precipitation alone is not sufficient to explain the onset of flooding of types
1 and 3, possibly associated with other processes such as snow or ice melting.

- The largest flood events (return time period > 20 years) clearly result from precipitation
accumulations only.

- Precipitation accumulations resulting in these flood events are characterized mostly
by the 2-day and secondly by the 8-day accumulation, all ending 1 day before the
events.

- In this given catchment, only flood events with return time period > 20 years or types
2 and 4 flood events could be associated with atmospheric features. - To link these
flood events to atmospheric features, a link between atmospheric processes and 2 and
8-day precipitation accumulations.

We achieve promising results since part (13 of 28 flood events) of the high-magnitude
floods seem mainly associated with “extreme” precipitation accumulations only. Inter-
estingly this includes the strongest flood events (return period > 20 years) that have
the potential of greatest impacts on societies. Hence, this opens a promising avenue
for complementary flood hazard projections if robust links can now be found between
atmospheric processes and 2 and 8-day precipitation accumulations.

Since this approach mainly relies on the global gridded ERA-20C reanalysis, it can be
applied in any part of the world. The main limitation is the need of a long flow series
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to get a large sample of high-magnitude flood events. A second limitation may relies
on the need of meteorological station data to evaluate the precipitation series from the
ERA-20C since they might encompass large biases (as suggested by the reviewer).
We trust that this approach could be successfully applied in many parts of the world
since we have shown that it can work for high-magnitude events in a mountainous
catchment, where the flood-induced hydrometeorological processes are made even
more complex by the topography, the presence of snow and ice, etc.
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