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General comments

The interactive comment was posted on Saturday, May 30th, just a couple of working
days before the deadline for the on–line discussion for HESS–Discussion. As a conse-
quence our on–line feedback will not be detailed enough as the Referee would maybe
expect. A more detailed comment will be made available to the Editors as soon as we
will receive all the Referees’ reports and the Editor’s comments for the final publication
(if any will occur) on HESS.

A general comment is that the Referee requires several additional simulations, sensi-
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tivity analyses and an assessment of uncertainty. But the paper is already 53 HESSD
pages and 20 HESS pages long, which is a sort of upper limit to HESS papers’ size.
So to leave space to the requested analyses we should cancel most of our work. We
believe the progress of hydrological sciences proceeds by small steps and a few great
ideas. We intended to provide just a very small step by:

1. describing in a comprehensive way a GCM downscaling procedure for precipi-
tation that is relatively simple to be applied, has sufficient physical background,
provides satisfactory results;

2. describing in a comprehensive way a GCM downscaling procedure for tempera-
ture based on observations;

3. perform a climate change impact on total annual runoff and monthly runoff regime
for two areas of the Alps less investigated than others, in terms of climate change
and hydrology, but relevant being part of the ’Water tower’ of Europe.

We agree that a thorough analysis of uncertainties in both the climate forcing and in
the hydrological modelling approach would be useful as well. We acknowledge the
comments and will provide in the final paper version some further information, but an
additional paper would be needed for a comprehensive analysis of all the suggestions
made. Then in our opinion a theoretical framework for a sound estimation of uncertainty
in distributed hydrological models is not set up yet in the literature and we would open
an endless debate which was far from our plans for this paper.

The first point was raised also by Referee #1 and concerns the use of GCM instead
of RCM. One of the reason we used standard GCMs is exactly that pointed our by
the Referee: several of the RCMs used in the recent past (see Christensen & Chris-
tensen, 2007) have a resolution of some tens of kilometres which is still too coarse for
the basins we investigated. Therefore a downscaling of precipitation and temperature
would be needed in any case. Also using RCMs one could argument that they are too
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coarse. For instance I could say: why not using a mesoscale non–hydrostatic 1 km
resolution model? Our experience when we investigated precipitation prediction with
mesosecale models in an area including the Lys basin (see Bacchi & Ranzi, 2003,
and the Special Issue of HESS Volume 7(6), 2003) was that using different mesoscale
models (with a resolution down to 2 km and also of the non–hydrostatic type) quite
different results can be obtained. So probably neither RCMs would be sufficient to
simulate realistic precipitation patterns. So we preferred to use GCMs to ’capture’ the
monthly regimes and their time–structure at large scale predicted by climate modelling.
Our stochastic downscaling in space was based on observations.

The second reason is that when we started our research, in 2005, we were looking
for GCMs output with daily time resolution, in order to simplify at least the problem of
time–downscaling. At that time and also in the following year we had access only to
GCM data with this property.

A third reason was that PCM, HADCM and ECHAM are standard GCM widely used in
climate change impact studies. Several of the IPCC conclusions concerning precipita-
tion (and also runoff) and important political decisions (e.g. Kyoto protocol) were based
mainly on results of that ’family’ of GCMs, at the time we started our research. So, we
believe it was worth to be investigated how GCMs output, after downscaling, would im-
pact runoff. We do not ignore RCMs, probably if we started now the research we would
use RCMs, but our was a decision based on a cost–benefit analysis. Otherwise the
use of GCM as meteorological forcing to hydrological model in basin similar to those
investigated is still a standard practice. Stahl et al. (2008) use the CGCM3 for IPCC
AR4 to force the HBV model for a glacierized basin 152.4 km2 in size.

Then, we selected PCM because, as Table 3 shows, its objective performances were
(slightly) better than ECHAM and definitely better that HADCM. For 8 months out of
12 the monthly rainfall is closer than ECHAM to the observed one. Yes, we could also
simulate with other models (and we considered other possibilities), but a selection was
made.
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Because the hydrological model was not the core of our research, we provided a brief
description of some key processes only, i.e. evapotranspiraton losses and soil moisture
dynamics which basically control runoff production. We will provide more information
on how melt is treated and about the partitioning of precipitation in snow and rain,
thus acknowledging the concern of Referee #1 as well. A comprehensive description
of the model is described in detail at the website www.watflood.ca we indicated. The
average values and the range of variation of the calibration parameters was chosen,
as a first trial, after both literature values, the suggestions of the program manual and
our experience made with direct field and laboratory measurement. Some parameters,
for instance hydraulic conductivity at soil saturation, were chosen on the basis of field
and laboratory measurements (see e.g. Barontini et al., 2005, 2009 for the Oglio basin,
where about one hundred of sites were sampled) and maps derived from pedotransfer
functions: for the Lys basin as reference value we used those obtained from the Benoit
et al. (2003) WATFLOOD simulation of the Toce basin, a neighbour basin to the Lys
one. Just to say a few, other calibration parameters were the upper soil layers water
storage, the lower soil layers water storage, besides those cited at Page 3116, line
25–26. Then the calibration by trial and error of the parameters was performed until
the timing and intermittency of the peaks, the runoff volumes and the recession limb of
the low flows were satisfactorily reproduced.

In Table 4 we provided data for the bias in the monthly runoff regime, and in the text the
correlation coefficient. So it cannot happen that we have double runoff with high corre-
lation coefficient. (Page 3117) Our aim was to assess the impact of climate change on
future runoff volumes and regimes (not statistics of extremes and low flows for which
a GCM is not suitable) we thought our data were sufficient. Anyway we will provide in
the version for HESS other performance criteria.

We do not intend to compare hydrological simulations driven by GCM data with ob-
served runoff on a day–by–day basis, of course! (Page 3117) We provided in Figure
5b a simulation on a daily basis in order to show:
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1. how realistic is the pattern of downscaled precipitation considering how smoothed
was the original GCM output (see also Figure 3 for the corresponding pdf);

2. how realistic are both the runoff regime and the runoff peaks intensity and inter-
mittency, resulting from the downscaled precipitation.

Page 3112: WATFLOOD was used worldwide, also to simulate basins in the Alps close
to our target areas (see the above reference). To better convince the readers that
WATFLOOD is a suitable model not better and not worse that other hundreds of hydro-
logical models we can provide off–line some simulations on the hydrological response
of different land covers.

Because of the equifinality concept we can try to convince the readers, on the basis of
the overall simulation performances, that the used parameterisation is just a suitable
one, one out of many others. Because of the distributed type of the model there will be
many parameter values (and models) which will provide results as good as ours and
maybe better. Our aim was not to find the best modelling framework to simulate recent
and future hydrology, but to use in a reasonable way standard tools, applied worldwide,
to have some indication on how runoff regimes might change in the current century.

Concerning the way we applied the Kunh’s concept a discussion is posted on our reply
to the Referee #1 (Page 3113).

In the downscaling procedure we intended to preserve at the best the physics of the
GCM model, in order to achieve coherent comparison between actual and future cli-
mate scenario. Therefore we chose not to correct the monthly precipitation because
this would have altered the GCM provided regime, and to apply the same regime cor-
rection to future scenarios would have been arbitrary. The same approach was adopted
in order to downscale the temperature. The monthly correction, which the Referee ad-
dresses to, was in fact a merely spatial correction, as we did also in the precipitation
downscaling. The temperature regime provided by GCM was not changed indeed, as
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it is stated in equation 24.

We will change the units of equation 28 (used in the original model) to SI units (Page
3115).

The English can be improved, and the last sentence was not very clear, indeed: prob-
ably we arrived there exhausted.

We adapted the structure according to the first editorial comments. We intended to
frame our research in the state of the art of climate modelling impact on hydrology
and so a reduction of 90% of the introduction leaving a couple of the paragraphs we
wrote is not compatible with this objective. We will try to shorten it a little and give, as
suggested, more information on the methods used, within the 20 pages limit.
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