We would like to thank Lorenzo Marchi for reviewing our manuscript and for his constructive
comments which will help us to improve the original manuscript. The revised manuscript will
take into account all his suggestions.

Reply to General comments

Referee’s opinion that the study fails to achieve its main objective: the author’s objective is to
find a relationship between the long-term fluvial evolution and the short-term river response
in the study area. As the referee says, the sentence “bridging the gap between long- and short-
term fluvial processes” may be misleading, because even if geologic and geomorphological
context are broadly analysed, short-term processes exclusively focus on the geomorphological
effects of the latest flood event. In order to solve this problem, the revised manuscript will be
presented with the objective of relating long- and short-term processes, and this will be
achieved by better documenting the 2013 flood (hydrological information and data), as well as
the historic floods (collection of the available information). All this information is shown later
in this document.

Referee’s comment that long-term tendency is not demonstrated to be reflected in short-term
processes: the referee suggests that in order to interpret the recent incisive evolution of the
Garona River is necessary to introduce also information on the geomorphic effects of past
flood events in the studied stretches. First of all, two more events will be added,
corresponding to 1875 and 1907. Second, we collected the available information (e.g.
precipitation and peak discharge) of the documented 6 past events. The data sources are (see
new references which will be included in the revised manuscript): Archiu Generau d’Aran
(1937), La Vanguardia (1963), Proteccion Civil (1988), Trutat (1989), Geli (2007), Saez (2007),
Aran Culturau (2013), Moreno et al. (2013), Pineda et al. (2013), Trapero et al. (2013) and
Garcia-Silvestre (2014). 1875 July 3: there is no detailed information, but it is said that the
Garona River overflowed all along Val d’Aran. 1907 October: convective high intensity rainfall;
300 mm accumulated precipitation in Vielha. 1937 October 24: convective high intensity
rainfall; highest peak discharge among all the historic flood events; peak discharge values of
360 m3s? in Bossost, 400 m3s? in Les and 700 m3s? in Pont de Rei; Vielha was the most
affected town (in study area A); main geomorphological effects were significant erosion and
scouring, as well as 1.5 m accumulation in the alluvial fan at the confluence between the Nere
and the Garona River. 1963 August 3: high precipitation in July and soil saturation; local
intense summer storm; peak discharge value of 250 m3s™ in Pont de Rei; Arties was the most
affected town (in study area A); main geomorphological effects were erosion and scouring in
Arties along the Valarties River and the Garona River, as well as 2 m accumulation in the Arties
alluvial fan. 1982 November 6, 7 and 8: high precipitations during 3 days due to a persistent
stationary system (200 mm in 48 h in Val d’Aran); precipitation values of 112 mm in Arties, 170
mm in Vielha and 162 mm in Bossost; peak discharge value of 250 m3s™ in Pont de Rei, almost
the entire valley was affected; main geomorphological effects were erosion of the road along
the Garona River, high energy (boulders >1m diameter were transported) of the Nere River
and accumulation and filling of the Nere River alluvial fan channel in Vielha. In the revised
manuscript (see also the end of this document) we will add a new table to summarize and
compare these floods with the 2013 one and with the projected 25- and 100-year return
period floods.

Referee’s comment about the severity of the 2013 flood: even though it produced major
losses, it was not a severe flood, but a quite smaller one (<50-year return period, according to
the Administration available data, e.g.: CHE, 2014), that effectively shaped the channel



morphology, as it has been observed. We presume that if this intermediate flood produced
such erosion, major floods will effectively enhance the processes and the morphology
evolution, as it was described for the major historical floods (see previous paragraph). Related
to this and answering the referee’s suggestion to carry out a multi-temporal analysis of
topographic maps and aerial photos, we considered this point. In fact, we carried out a
geomorphologic analysis based on 1956 aerial photographs and we specially considered the
channel. This analysis and mapping is exemplified in figs. 4, 5 and 6. On the other hand, we do
not have aerial photographs of the 1982 flood. About detailed topographic maps, the first
1:5000 scale maps were produced at the end of the ‘80. Changes are not large enough to be
detected from such maps (the changes are not detected when comparing the 1988 ortophoto,
which does not present a complete covering of Val d’Aran, with the current map, except in 1
site upstream from Bossost). There is not detail enough to compare maps and ortophotos in
order to investigate in detail changes of the river channel morphology for the last 6 decades.
Therefore, changes were analysed between the ortophotos pre- (2012) and post- 2013 floods
and are summarized in tables 1 and 2.

Referee’s comment about documentation of the flood of June 2013 and comparison with the
50-years return period inundation area: we agree with the reviewer that the comparison of
inundation areas is of small significance as we presented it. Thus, we will remove Figure 15 in
the revised paper. On the other hand, we will provide more detailed information of the event
which will considerably improve the quantitative assessment and, therefore, will help to relate
the 2013 flood with the regional context and evolution of the Garona River. The revised paper
will include meteorological and hydrologic information of this event and a comparison of the
peak discharge of the 2013 flood with the 25-year and 100-year return period flood discharges
(provided by the Administration -National Flood Mapping System-) in order to justify that the
last event was a T<50 years flood (section 1.1 and 7.3). We collected data from different
sources (see new references below which will be added in the revised manuscript): SNZCI
(2011), Moreno et al. (2013), Pineda et al. (2013) and CHE (2014). Meteorological information:
rainfall of 124.7 mm in 48 h in Vielha (101.2 mm in 24 h); unusual precipitation values not
recorded since 1982. Hydrologic information: gauging stations were destroyed so there is not
real-time discharge data (peak discharge values were estimated from flood evidences and/or
hydrologic modelling; CHE, 2014); 40% of the flood discharge came from snow melting; 51 hm?
of water from snow melting in 10 days, which are high but not extraordinary values in the
study area. Peak discharge of the 2013 flood: 100 m3st in Salardd, 233 m3s™® downstream the
Arties dam, 154 m3s? in Arties, 220 m3s? in Vielha, 245 m3s? in Aubert and 280-300 m3s™? in
Bossost. According to SNCZI, maximum discharge values calculated for 25-years return period
flood events: 124 m3s? in Salardd, 134-174 m3s? in Arties, 200 m3s? in Vielha, 204 m3s? in
Aubert and 257 m3s! in Bossost. Maximum discharge values calculated for 100-years return
period flood events: 229 m3s™ in Salardd, 246-316 m3s? in Arties, 368 m3s? in Vielha, 380 m3s?
in Aubert and Bossost m3s? in Bossost. Return-period of the 2013 flood event: 25<T<< 100-
year flood. All this obtained discharge data allow us to prove that the last flood was an
intermediate, not major, event. The peak discharge values are very similar to those
corresponding to 25-year return period events. In CHE (2014) the 2013 flood is considered a
<50-year flood. Therefore, the significant erosive effects (excluding some local effects due to
bridges clogging and related eroded and flooded areas downstream from some protected
ones), together with the geomorphological features related to the fluvial system (e.g. two
generations of alluvial fans) are relevant to understand the short-term incisive tendency of the
Garona River. Up to now, we do not dispose of detailed post flood topography to simulate the



2013 flood. We consider doing so in the future when this topography would be available,
taking into account that the same discharges must be considered when using the pre and post
flood topography.

Referee’s comment about the presence of dams in the Garona River: there are not large dams
in Val d’Aran. There are some small dams and water catchments along the Garona River study
area, as well as some dammed small lakes in the head of some sub catchments. The latters do
not have relevant influence in flooding events along the Garona River. The formers can
enhance incision just downstream, but this dam-related incision is local. The incision occurs
more intensely downstream the dams (Fig. 14a), but also upstream (Fig. 14b), where no
incision should be expected. These structures can be of significant importance during flood
events particularly because they can trap vegetation, be clogged and even seriously damaged.
A good example is the Arties dam, just upstream the Arties town, related to the Vielha
hydroelectric power plant. This dam was built in 1947-1948 (before the first 1956 aerial
photographs) and produced a decrease of the discharge due to capture water for the
hydroelectric plant. In fact, the mean discharge value of the Garona River in Arties before
building the dam was 5.7 m3s, which decreased to 0.5 m3s? with the presence of the dam
(CHE, 2008). Moreover, this dam was broken during the flood event of 2013 because gates
were not opened. This carried an increase of 47 % of the discharge value just downstream the
dam. Flood peak discharge here was 233 m3s? (if the dam had been in operation peak
discharge would have been 146 m3s?). Anyway, at Arties the wave was already partly
attenuated, as the discharge at this location (very close to the dam) was of 154 m3/s. This high
difference in water discharge in such a short distance proves that effect of the dam is not of
significant importance for interpretation of the flood effects. All this information will be
included in the final paper.

Section 1, referee’s comment on missing references: We will follow your recommendation to
include references that will improve the manuscript (see references at the end of this
document). In terms of flood damages worldwide, we will include the suggested studies
documenting flood events in different geographical regions (Jonkman, 2005; Barredo, 2007;
Ashley and Ashley, 2008; Gaume et al., 2009). Concerning the referee’s comment about the
morphologic evolution of mountain rivers, we will include international literature on this topic
but also on long-term landscape evolution, and will rephrase page 6381 lines 24-27, so that the
revised version will say “Most of the previous works on fluvial systems exclusively deal with
flood events, present processes, landforms or short-term river morphological evolution (Baker
and Pickup, 1987; Beven, 1987; Montgomery and Buffington, 1997; Lenzi, 2001; Mao et al,,
2009; Zanon et al., 2010), whereas other research lines focus on long-term geomorphologic
and tectonic processes that shape the landscape (Dietrich et al., 2003; Oskin and Burbank,
2005; Bishop, 2007; Kirby and Whipple, 2012)”. A literature review of fluvial geomorphology
for river engineering and management has also been carried out (e.g. Schumm, 1977; Thorne
et al., 1997; Kondolf et al., 2003), as well as considering frameworks for hydromorphological
analysis with applications for risk mitigation (Rinaldi et al., 2014; Belletti et al., 2015; Gurnell et
al., 2015). All these previous works will be considered in the revised manuscript (see reply to
referee 2).

Section 1, referee’s comment on the 2013 flood description: We have searched for
qguantitative information about the flood of June 2013. As mentioned before, we have
collected some meteorological (precipitation) and hydrological (peak discharge, return period)



data on the event, which will be included in the introduction as a separate section (section 1.1)
in the revised manuscript.

Section 1, Page 6381, lines 15-17: As mentioned before, we have obtained quantitative data on
peak discharge of the 2013 flood event at different sites along the study area, confirming that
the return period is between 25 and 50 years. This will be included in the new version.

Section 7.2, Page 6398, lines 27-28 and page 6399, lines 1-15: We agree with the referee that
this long paragraph is not directly related to the present study, so we will remove the text and
the revised manuscript will only contain a summarizing sentence relating climate and river
response: “Traditional climatic theories related glacial periods with sedimentation and
interglacial periods with entrenchment, but many authors have proved that a number of
factors (e.g. sediment input, catchment morphometry, tectonics and anthropogenic actions)
play an important role in fluvial dynamics (Vandenbergue, 1995, 2002, 2003)".

Sections 7.4, Page 6404, lines 9-24: Thanks for pointing out that these general comments are
not directly related with the case study. However, we emphasize that erosion is an essential
factor to be considered when designing engineering structures along the Garona River. Lines 9-
24 will be removed and replaced by “In the study area, hydraulic structures must consider
erosive power of the Garona River, especially for channelization dykes, bridges and dams”.

Reply to Specific comments

Abstract, Page 6380, lines 3 and 4: The sentence will be rewritten as “Few studies have related
flood events to the geologic, tectonic and geomorphologic context”. We will pay more
attention to international literature and some references related to this topic will be included
(see references at the end of this document).

Section 2: The land use change is not significant in terms of the discharges of the Garona River.
The basin is mostly forested, with some parts above the forest domain, and mostly unchanged
since 1956. Population is mostly settled on the valley bottoms, and it increased specially along
the river, what increased exposition to flood events. The new version will say “population is
mainly settled along the valley bottoms (9993 inhabitants; IDESCAT, 2014). Land use has not
changed significantly since 1956, except for valley bottoms, so the influence of land use
change in fluvial evolution and discharge values is almost absent. Therefore, urban settlements
only increased in valley bottoms during last decades, increasing exposition to flood events”.

Section 4, Page 6386, line 9: ESRI will not appear in the revised version.

Section 5.1, Page 6388, lines 9.12: We agree that the sentence is too obvious and it will be
removed.

Section 5.1, Page 6389, lines 11-29: Alluvial fans were formed after deglaciation when river
and streams transporting high sediment loads decreased in gradient and energy at their
confluence with the Garona River. Deposition is the natural result and alluvial fans were
formed as both bedload and debris flow material accumulated. High slopes of the fans support
this statement. This information about the origin of alluvial fans will be included in the revised
manuscript.

Section 6.1, Page 6393, lines 12-13: We agree that the sentence is too obvious and it will be
omitted.

Section 6.2, Page 6396, line 4: The term “impermeable” will be rephrased as “not erodible”.
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Table: Data compilation of major historic floods in Val d’Aran, the flood of 2013 and the calculated 25- and 100-years

villages where they were collected or observed, and ordered downstream.

return period floods. All data are related to the
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