Dear Editor and reviewers

We appreciate the constructive feedback we received from the two reviewers and have
incorporated their suggestions. We have found the comments very useful and feel that they

greatly helped improving our manuscript.

We have enclosed a modified version of the manuscript, along with detailed responses to the

reviewers’ comments.

We hope that you will find this improved version acceptable for publication in the Journal
HESS.

Sincerely yours

Camille Labrousse, on behalf of all co-authors

General comments

Both reviewers state that the general purpose of our study is not clear enough, making it
difficult to follow our scientific argumentation. They further also claim more precision on the
statistics we applied and whether our results are supported by physical based knowledge that
has been established previously. We have to admit that we can understand these critics since
we realize that especially our introduction was not well organized and did not clearly enough
emphasize our main study objectives. We therefore largely reworded our introduction in order
to change this. It should also help introducing some clarifications about our statistics. In fact,
the purpose of our study was not to present the statistical model which was used to translate
changes in P and T into changes of Q. This has been done in one of our precious studies
(Labrousse et al., 2020). The second part where our statistics were probably not clear enough

concerns our k-means analysis, but here we reply more in detail below.

Below are our answers point by point to reviewer 1 (in the following R1) and (R2).

1 Introduction

R1 states that the morphological effects in the study area are not well investigated, contrary to
what is announced in the introduction. In fact, also here, this may be related to some

misunderstanding of what is the purpose of our study. We do not intend a general



investigation about the interactions between climate and morphology. In the case of our study
region, morphology is partly responsible for introducing some climatic heterogeneities and we
mainly intend to test whether clustering techniques can help to unravel them. We hope that
this is much clearer now. Details about the morphological aspects of the study area can be

found in section 2.1.
2 Materials and Methods

R2 requested to add the gauging stations for each river in Figure 1 in order to add more

clarification in the methodology employed.

This was done and can be seen in the revised version of the manuscript in section 2.1

R2 asked on several lines to clarify some terms that were used to describe the kind of data we

used.

We answered on those clarifications during the discussion process and incorporated the
associated corrections in the revised version of the manuscript. We thank R2 for bringing
those details in our work. Please find below the replies we added during the discussion
process.

Lines 87-89 : This statement will be replaced by « In our study, we use the gridded
daily T and P data provided by Safran on a regular projected grid of 8 km x 8 km for
the period 1959-2018 (Fig. 1). Safran is a mesoscale atmospheric system developed by
the French meteorological agency Meteo-France that uses observation data as well as
model outputs for the production of reanalysis data (Durand et al., 1993; Quintana-

Segui et al., 2008). » It can now be found in Line 92.

Line 92 : We will be more precise on this statement by saying « Although potential
evapotranspiration (PET) can be directly extracted from the combination of Safran-
Isba, the land surface model which uses the output data from Safran to compute water
and surface energy budgets (Soubeyroux et al., 2008; Habets et al., 2008). » This can

be found in Line 97 in the new version of the manuscript.

Line 120 : Here the text will be edited with « Reanalysis of monthly historical values
for NAO and Scand were taken from the Climate and Prediction Center of the
National Oceanic and 120 Atmospheric Administration of USA on the link

https://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml. Reanalysis monthly



https://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml

historical values for MO and WeMO were made available by the Climatic Research
Unit of the University of East Anglia on the link
https://crudata.uea.ac.uk/cru/data/moi/. » This can be found in the new version of the

manuscript at the Line 140.

R2 asked why we did not use a PET which was already simulated and available in some

models

We answered in the previous step that no PET was made available in the RCM we selected
for our study. We used the formula from Folton and Lavabre (2007) because it’s the one
which was selected and validated for the reconstruction of annual water discharge for
historical period in the previous study of Labrousse et al., (2020). This current article is the
following of this previous work published in 2020, then it makes it more pertinent to use the

same methodology.

R1 requests more details on the definition of the water discharge for each cluster

Water discharge of each cluster is the sum of the water discharge for each river whose
delineations of the watershed fall within the limits of a cluster. This is explained in section
2.2, second paragraph. Water discharge data are retrieved from gauging stations located
downstream of the rivers and close to the outlet. Data are available in m3.s"* which we convert
per unit area and per year, being thus mm.year. Water discharge for the western cluster
suffer then from an approximation since part of the watersheds belonging to it actually falls in
the eastern cluster. Despite this, Figure 3 and the correlation analysis with the teleconnection
indices are able to show the same pattern between the water discharge series and the

precipitations series with the teleconnection indices.

R1 asks about the initial conditions of the K-means clustering test

The number of clusters and type of the variable analysed were the 2 factors considered to set
the initial conditions. The former was based on our a priori assumption that at least 2 zones
were climatically distinct. This is based on the observations that were made in previous
studies by Lespinas et al. (2010, 2014). More details about it have been added in the section

2.3 of the revised version of the manuscript.

R1 about a word in Line 123 of the first version of the manuscript

This was a proofreading mistake, it has been corrected


https://crudata.uea.ac.uk/cru/data/moi/

R1 requested some clarifications about the definition of univariate wavelet analysis and cross-

wavelet analysis

We were pleased to answer this question in the open discussion threat, but we do not think
that this precision is necessary for the understanding of the article. On the contrary, we fear
that such an explanation, which is rather complex, would hinder the reading of the article.

Please find below the answer we provided in the discussion threat.

“The wavelet transform is a type of mathematical transform that represents a signal
according to translated and dilated versions of a finite wave. Compared to a Fourier
transform which transforms a time series from its time domain to its frequency
domain, the wavelet transform decomposes a signal into a series of wavelets localized
both in space and time scales. This type of method provides an efficient approach for
the analysis of non-stationary variables such as hydrological and atmospheric time
series (e.g., Conte et al., 2021; Sang, 2013; Kang and Lin, 2007). The term « Morlet
wavelet » is simply the kind of wavelet we applied. Beforehand, the time-series is
compared to a Morlet wavelet transform. The term « cross-wavelet » refers to the
analysis of two wavelet transforms from two different time-series together. This one
exposes the strength of the common power between the two wavelet spectra as well as
the relative phase called coherence of the two wavelet spectra in the time-frequency
scale. It can therefore be considered as a correlation coefficient between the two time

series.”

R2 also asked about the use of a Morlet wavelet

We answered during the discussion process that a Morlet wavelet is a sinusoid modulated by a
Gaussian function. It is therefore well suited to detect periodic oscillations at multiple time
and frequency scales for real-life signal such as non-stationary climate variables (Labat, 2005;
Labat et al., 2005; Torrence and Compo, 1998).

R1 and R2 point out that one model is missing in Table 2

This has been corrected and can be seen in section 2.7 of the revised version.

3 Results

In his comments, R2 suggested to rearrange the order the results in order to make the article

more clear for the reader




We proposed then this new organization:

3 Results
3.1 Evolution of the climatic conditions and teleconnection patterns over the historical period
3.1.1 K-mean clustering
3.1.2 Wavelet analysis
3.1.3 Correlation analysis
3.1.4 Variability of TPs
3.2 Validation of the climatic data
3.3 Projection of future hydroclimatic conditions under a scenario RCP 8.5
3.3.1 Future simulations of TPs
3.3.2 Future climatic conditions

3.3.3 Evolution of water discharge

We believe that this new arrangement makes the article more clear in the sense that we start
with introducing the different sub-units of distinct climatologies in the study area and their
relationships with the TPs in the historical period. Then we show the validation of the

modelled data used in this study. And in a third step we present the results of the projections.

R2 asked about the use of the drought index RDI rather than another one

We replied in the previous step that this study is the following of the work presented in
Labrousse et al. 2020. The authors used the RDI index to build the statistical model for
reconstruction of annual water discharge. For the reason of continuity we maintained the same
index in our present study. Otherwise we could not have used our statistical model published
previously in order to translate the predicted future changes of P and T into changes of water

discharge.

In lines 264-265 R2 suggested to correct the terminology “average values” by “variability”

We agreed with this suggestion and have therefore brought the modification in the new

version of the manuscript.

In Table 3, R2 suqgested to add the results of linear trend of TPs for each GCMSs. It is true

that it makes it more transparent and we thus added this modification. It can now be found in

section 3.3.1



In Figure 4, R2 suggested to edit the label “Obs” which was used to name the historical data
of TPs

We changed this label by “Rea” as it refers to reanalysis data of the TPs

R2 suqgested to mention the use of the ADAMONT correction method (used in the correction

of the simulated climate data in the output of each RCMSs) previously in the manuscript.

We brought this information in the Material and Methods section, in the subsection 2.7

R1 pointed out that the axis in Figure 4 were missing

This Figure shows the evolution of the values for each TPs over the historical and projected
period, as well as the variability in a box plot format. For more clarification we therefore

added for each y-axis the corresponding TP

R1 asked to clarify the use of the term “more complex” in line 210 in the first version of the

manuscript
We answered this statement during the discussion process. Here is our reply

By « more complex » we mean that the Mediterranean functioning is more irregular
than on the Atlantic side. Therefore relationships with water discharge show less long
cycles and weaker relationships, as shown also in the correlation analysis. In fact the
wavelet analysis here confirms the findings through the K-means since it can show
that the eastern cluster has a more irregular behaviour than the western cluster.

4 Discussion

In the discussion part, R1 suggested to add sub-sections in order to make it more clear. But

after thinking on a way to add it to the manuscript, we found that sub-sections makes the

overall discussion less fluent.

R1 indicated that mention of the model REMO 2009, which is shown in Table 4, was missing.
This was the missing RCM of Table 2 and it had therefore been added.

R2 asked for clarification of what is shown in Figure 6 as well as in Table 4

Figure 6 shows the linear trends according to a scenario RCP 8.5 over the period 2006-2100.
Therefore, the reference period is the beginning of the time series. For water discharge, only

simulated water discharge is computed here, from 2006 to 2100. Coherence of the statistical



model used for the computation of the simulated series has been tested and validated in the
study of Labrousse et al. 2020. Moreover, additional explanations have been added with
regard to Figure 6 in Lines 355-359 of the revised version of the manuscript. Table 4 shows
the linear trends for each RCMs and for each cluster. It means that we computed the trends (in
%) for each RCMs and show the average results for the watersheds belonging to each cluster

respectively.

R2 also suggested to shift the results of the projections of the climatic data to the discussion

and to debate the validation of the empirical hydrological model earlier, in the results section.

But the experimentation and use of the empirical hydrological model is one of the central
points of the study of Labrousse et al. 2020. And this model was implemented on the same six
rivers that we investigate in this current study. Thus, for more details on the validation of the
model, we refer to the previous of Labrousse et al. 2020 since we cannot show again in this
study the results obtained in the previous one. However, we added in the Results section two
sub-sections (3.3.2 and 3.3.3) in which we show separately the results of the projections for
the climatic conditions and for the hydrological conditions. We also specified in sub-section

3.3.3 that we used the methodology implemented in Labrousse et al. 2020.

5 Conclusion

The conclusion has been reworked in the revised version of the manuscript in order to make it

clearer with regard to the objectives described in the introduction.
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