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Paper summary:

The reviewed manuscript applies existing methods and tools to assess whether the
effects of climate change can be traced down to the distribution of sub-daily rainfall
maxima. This is done using high-resolution (i.e. 10-min) rainfall data from 22 sta-
tions in Switzerland, and 10 GCM/RCM simulations for the current climate, and two
future climatic periods. More precisely, the Authors use: a) a Neymann-Scott rectan-
gular pulse model to simulate daily rainfall, and b) two alternative versions of a mul-
tiplicative random cascade (MRC) model to disaggregate the simulations from (a) to
sub-daily scales. Both models are fitted using the historical data, while GCM/RCM
simulations are used solely to obtain factors of change (FoC) of the statistics used to fit
the Neymann-Scott rectangular pulse model, between the current and future climates.
The parameters of the MRC model variants are kept constant along the timeline. The
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Authors conclude that the effect of the climate change signal on rainfall maxima, as em-
bodied in the calculated FoCs, decreases with increasing temporal resolution, making
climate change assessments of high-resolution rainfall extremes uncertain.

Contribution and audience:

While the presented material is not new (see references in the manuscript), and the
results of the study are more or less expected (i.e. small-scale variability masks the
effects of the climate change signal on high-resolution extremes), from an application
point of view, the work should be of interest to the hydrologic community, and certainly
within the scopes of the SI in HESS. That said, I would consider changing the title of
the manuscript to something that is more oriented towards research application; e.g.
“Assessing Climate change and uncertainty in high resolution rainfall extremes: An
application in Switzerland”

Below are a few comments and suggestions in the direction of strengthening the pre-
sented work, and improving its readability.

General Comment 1:

To assess the effects of climate change on sub-daily rainfall maxima, the Authors se-
lect the FoC approach. In this way, they perturb the parameters of a stochastic rainfall
simulator, based on the climate change signal obtained from GCM/RCM simulations.
Please note that the main reason why one prefers to perturb the model parameters
estimated from actual rainfall records, instead of fitting the stochastic model directly to
climate model rainfall products, is the large biases associated with the latter. I think the
Authors should explicitly state this fact and, in addition, at least refer to the classical no-
tion of stochastic weather generators (i.e. not rainfall simulators), where the parameters
of the rainfall model (and hence the rainfall structure) are conditioned directly on the
statistics of atmospheric predictors (e.g. geopotential height, surface pressure, diver-
gence). Note that conditioning model parameters on atmospheric predictors allows for
more flexibility in bypassing the issue of biases in GCM/RCM rainfall simulations, and is
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free of certain limitations associated with perturbation of the parameters of stochastic
models. A detailed discussion and some recent developments on the subject can be
found in Langousis and Kaleris (2014), and Langousis et al. (2016).

General Comment 2 (technical soundness):

The applied methodology is technically sound, and all assumptions and limitations are
explicitly stated. My only concern is that the level of detail of the presented methods
is somewhat coarse. For example, in Section 3.1, what distribution model is used for
the multiplicative weights? How was this fitted, and how good was the obtained fit?
Shouldn’t the Authors use some type of measure to quantify the goodness-of-fit? Also,
how the parameters of the fitted distribution model depend on the scale of temporal
averaging (models MRCA and MRCB), and the large-scale rainfall intensity (model
MRCB)? It would be very insightful to illustrate this dependence through a couple of
Figures. Also, in Section 3.2, the Authors should briefly describe (maybe some equa-
tions and/or Tables are useful here) how the FoC’s are used to perturb the parameters
of the Neymann-Scott rectangular pulse model. Although the Authors refer to their pre-
vious works, I think that the level of detail sought by the HESS readership is somewhat
higher. Regarding Section 4, I would recommend that the Authors do not lie on visual
inspection of the Figures, but rather base their arguments (especially to what concerns
the goodness-of-fit of the stochastic model) on quantitative measures.

Specific Comments:

Page 2, line 13: Why short duration rainfall extremes are by definition rare events? I do
not understand the meaning of this sentence (at least from a statistical point of view).
Either explain briefly, or eliminate.

Page 3, lines 1-2: I do not think that presentation and application of an existing model
can be considered an objective of a research article. I think just the second objective
suffices.
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Page 3, line 23: What do the Authors mean by intermittency? I suppose they refer to
the probability of zero rainfall. Please clarify.

Page 4, lines 31-32: The Authors might want to expand their reference list regarding the
use of multiplicative random cascades in modeling extremes. Possible options include:
Gupta and Waymire (1990, 1993), Lovejoy and Schertzer (1995), Over and Gupta
(1996), Hubert et al. (1998), Menabde et al. (1997), Menabde and Sivapalan (2000),
Deidda et al. (1999), Deidda (2000), Veneziano and Furcolo (2002), Veneziano and
Langousis (2005a,b), Langousis and Veneziano (2007), Veneziano et al. (2009), Lan-
gousis et al. (2009, 2013), and the reviews in Veneziano et al. (2006b) and Veneziano
and Langousis (2010).

Page 5, line 5: The Authors might want to refer to some additional studies dealing
with the dependence of the distribution of the multiplicative weights on scale and the
large-scale rainfall intensity. Possible options include: Perica and Foufoula-Georgiou
(1996a,b), Menabde et al. (1997), Olsson (1998), Schmitt et al. (1998), Deidda (2000),
Menabde and Sivapalan (2000), Güntner et al. (2001), Paulson (2002), Paulson and
Baxter (2007), Veneziano et al. (2006a), and the reviews in Veneziano et al. (2006b),
and Langousis and Veneziano (2010).

Page 5, lines 26-29: The Authors should provide additional detail on the scaling meth-
ods used, and their specific application in the context of the study. Simple reference
to the original studies of Marani and Zanetti (2007), and Molnar and Burlando (2005)
is not enough. Also, some diagrams should be of help here, especially regarding the
issue of extrapolation of FOC’s to sub-daily scales.

Page 5, line 29: I do not understand the statement of the Authors that the skewness is
independent of the scale of temporal averaging. The only case this is possible is when
the skewness is zero. Also, skewness in the labels of Figures 3 and 4 is unit free. Do
the Authors mean skewness coefficient?

Page 6, lines 20-25: The statement of the Authors regarding lag-1 correlation and
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skewness is inaccurate. The departures shown in Figures 3(c, d) and 4(c, d) are not
small. This is especially the case for Figure 4(c). I suppose this is caused by model
fitting (page 5, lines 25-29), where lag-1 autocorrelations are not used, and skewness
is assumed independent from the scale of temporal averaging. Please explain.

Page 8, lines 15-16: This statement is inaccurate. The Authors do not do rainfall
downscaling but, rather, they properly perturb the parameters of a stochastic rainfall
simulator to study the effect of the climate change signal on sub-daily rainfall maxima.
Please rephrase or eliminate.

Figures 3(a) and 4(a): Please note that all curves collapse to a single one, if intensity
(instead of rainfall depth) is used.

Figures 3(c) and 4(c): Is it skewness, or skewness coefficient? Please clarify and check
the units.

Reference list: Please thoroughly check all references. For example, there is no citation
in the main text for Veneziano and Langousis (2010).

Prior publication:

To my knowledge, neither the same nor very similar work has been published else-
where.

Recommendation:

For the reasons mentioned above, it is recommended that the paper is published in
HESS after moderate revisions.
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