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We would like to thank the three anonymous reviewers for their informative comments.
Two common concerns of the reviewers are the length of the manuscript and the
missing clarity in section 9. We will work on these two concerns and believe that
this will certainly improve the quality of the manuscript. Our answers to the individual
reviewers comments follow below:

Reviewer 1

C1

1. Page 2, lines 15-16: How is the interpolation of non-parametric distributions by Lall
et al. (1996) done. This becomes not clear here.

Answer: Lall et al. (1996) did not interpolate non-parametric distributions, they just
mentioned that no interpolation scheme does exist. Such a scheme needs to be dif-
ferent than parametric interpolation schemes, as non-parametric distributions do not
have any parameter.

2. Page 9, 10: The application of MLM and MOM for parameter estimation of
distribution functions is well known. The authors may consider to remove this part with
Eq. (18) to (22) and use just a reference here.

Answer: This part will be shortened or removed.

3. Page 10: Also, the estimation of the rank correlation is well known. This part with
equations (23) to (25) may be removed here as well.

Answer: This part will be shortened or removed.

4. How are the theoretical variograms fitted; which method is used; using least
squares over the full range of distances? If yes, for the latter, why are close distances
not given higher weights since they are more important for interpolations? Please give
some more information, may be include an equation for fitting.

Answer: The theoretical variograms are fitted using least squares with distances up to
100 km, grouping the empirical variogram values into distance classes of 10 km. In the
attachment figuresvariograms.pdf the variograms of different parameters for temporal
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resolutions of 1H and 12H are shown for the winter and summer season of calibration
sample 2. The black crosses represent the empirical variogram values of the 10 km
distance classes, which are used for the least squares fit. The grey crosses represent
the empirical variogram values of 1 km distance classes. When a good fit is obtained
with the 10 km distance classes, the theoretical variograms also seem to represent
the smaller distances quite well, therefore, we think higher weights for close distances
are not necessary. Sometimes the empirical variogram of the considered parameter
exhibits a close to pure nugget effect (e.g. λ2 of P-Mixed-EXP-MLM Calibration Sample
2, winter season, 12H), then the fit of the variogram was not good, however, this not
necessarily leads to bad regionalization results (see Table 7 in the manuscript).

5. Page 14, lines 24ff: It becomes not fully clear how zero precipitation values are
handled in the whole process. I thought they were excluded from the cdf’s but now we
have P0 again? This needs to be better explained.

Answer: Only in section 9 zero values were included to show the advantages of in-
terpolating distributions instead of precipitation values regarding the value of P0, to
motivate the whole process of interpolating distributions, what was not done in any
previous paper to our knowledge. Zero values can be included within the interpolation
of non-parametric distributions by applying the following steps. (i) Fitting a distribution
to all precipitation values at each gauge. (ii) Estimate the quantile values for certain
quantiles (non-exceedance probabilities) over the whole probability range (0-1) with
the inverse of the fitted distributions at each gauge. (iii) Use the interpolation weights
from inverse distance weighting to interpolate the quantile values of different gauges
for each chosen quantile. (iv) If the quantile is below p0 for some (or all) gauges, the
quantile value at these gauges will be 0 mm, which then are just included in the in-
terpolation. (v) The highest quantile with 0 mm at the target gauge defines p0 at the
target.
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6. Page 15, lines 11-20: This explanation becomes not clear to me. I thought daily
amounts were disaggregated according to the closest hourly proportions on the daily
sum from the closest recording station? So, in this explanation for instance what
means “assign the rainfall values” (line 12); what means Eq. (36); at which step are
the daily data disaggregated, etc? This part needs to be much better explained.

Answer: We think you understood it correctly, the procedure works as you explained.
“assign the rainfall values” just means allocating hourly values from the closest high
resolution gauge to the daily target gauge and Eq. (36) is the rescaling factor calculated
from the daily values of the target gauge and the daily sum of the hourly values of the
closest high resolution gauge. This rescaling factor changes from day to day and simply
assures that daily sums of the disaggregated hourly values at the target gauge equal
the daily values measured at the target.

7. Page 19: I would suggest to give some example variograms here. Also, compare
and contrast the variogram parameters to the spatial persistence of T (Fig. 3).

Answer: It is difficult to compare the spatial persistence of T with the spatial persistence
of the different distribution parameters, as T considers the whole distribution function
and the distribution parameters only describe the distributions in parts. However, the
range of T was about 35 km, which can also be observed for some of the parameters,
especially the mean of P-Weibull-MOM, QVc of NP-SRT and QVth (see attachment
figuresvariograms.pdf).

Reviewer 2

Major Comment 1: A first major concern is the excessive length of the manuscript:
The text consists of 22 pages (single line spacing), while the Authors also present 8
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tables and 10 figures. My suggestion is for the Authors to reduce the length of the
manuscript at least 25 %. Indeed, there are some sections that could be provided in
the Appendix, or as supplementary information, or even completely removed. The
latter is also true for some tables and figures. For example, since the article is not a
review paper, sections 3, 6 8.1-8.2, and 9 should be reduced in size and some parts
should be provided in the Appendix. Evidently, the proposed methodology is explained
quite “late” in the text (page 13), while its application and comparison to parametric
models is provided in page 20. Similarly, apart from the tables and figures associated
with the above sections, table 6 essentially provides the same results as table 5. There
is no need for both tables. Although, the Authors can more efficiently decide which
parts of the text should be reduced in size, my point is that the present version of the
manuscript is too explanatory in some cases including unnecessary information. In
other words, the text should be more focused on the findings of the present work.

Answer: We agree with the reviewer that the manuscript is quite long and that some
parts could be removed to better focus on the actual findings. We think reducing the
size of sections 3, 6 and 8.1-8.2 is a good proposition, as they only provide information
about already existing models and well known theory. Removing table 6 is also a
good suggestion. However, we think the order of the sections should be kept, as the
explanations in the successive sections are based on each other.

Major Comment 2 : A second concern is the actual innovation and value of the
presented work. Although the basis of the proposed non parametric approach is new
and of potential interest, according to the obtained results, the parametric models
are more effective, both in terms of point-wise estimation (Tables 4, 5 and 6) and
regionalization (Tables 7 and 8). Evidently, with the only exception being the hourly
rainfall, where the non parametric approach is consistently the best performing one
for both samples 1 and 2, and both seasons, overall, the parametric models result
in smaller distributional-related errors. Moreover, even in the case where the non
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parametric and the parametric methods would be of the same overall performance,
the parametric approaches may again be preferred since they can be more effectively
used for addressing risk and estimating rainfall extremes in periods different than the
control one (i.e. 1997-2011): contrary to the non-parametric approaches, theoretical
distribution models allow for more robust rainfall estimates, with approximate validity
also beyond the range of the historical data in the considered control period (see Lan-
gousis et al., 2016a and references therein). That said, although the idea presented in
sections 7 and 8.3 is potentially important, the results and the associated discussion
in the rest sections do not support or indicate a substantial innovation or significance.

Answer: We disagree with the first part of this comment, where the reviewer proposes
not to publish this manuscript, because the non parametric method only performed
best for the hourly resolution. If we only had shown results for the hourly distribution,
this statement would possibly have been vice versa. However, we presented the re-
sults for several temporal resolutions, as we also wanted to present the deficiencies
of the newly developed non-parametric method. Even if the method performed worse
over all temporal resolutions, we would consider it as important to publish the method.
This may prevent the investigation of this method by another hydrologist and further
more the methodology could be applied to distributions corresponding to other vari-
ables (where e.g. multi modal distributions are present). Additionally, we have shown
that daily gauges are of great use for the interpolation of sub-daily distributions. The
philosophy of only allowing methods for publication, which always perform best, may
lead to cherry picking of the results and prevent an open discussion in science.

Regarding the estimation of rainfall extremes, non-parametric kernel density estima-
tions may exhibit problems. However, using a Gaussian kernel also allows for extrap-
olation beyond the range of the historical data, which still needs to be evaluated. The
study mentioned from the reviewer (Langousis et al., 2016a) investigates daily rainfall
extremes, but not, how it is for different temporal resolutions? Also more investigations
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are required to answer this question. In addition, depending on the application, rainfall
extremes do not always have such a decisive character. An example is real-time con-
trol of sewer systems, where average and larger values are more important, as rainfall
extremes can not be controlled by the system anyway.

Major Comment 3 : The parametric models used in this study (section 6.2), although
four in number, do not include a Pareto distribution. In their conclusions, Authors men-
tion that Pareto distributions can be also tested in the future, however, in my humble
opinion, this is not sufficient. At least for the comparison section to be complete, one
should include in the analysis a Pareto model (e.g. Generalized Pareto Distribution)
in this study, where the proposed approach is explained and compared with other
common methods. Pareto distributions have been indicated as a very efficient class
for modeling daily rainfall, while towards the latter, some studies have concluded that
they outperform exponential models (see Papalexiou et al., 2013; Langousis et al.,
2016b and references therein).

Answer: In the references mentioned by the reviewer, the focus lies on extremes of
daily rainfall, whereas in our investigations we only exclude very small rainfall values
for each aggregation due to measurement errors and minor importance (see Table 1
in the manuscript). Additionally the focus of the manuscript lies on regionalization,
which can influence the performance of a theoretical distribution and was to our knowl-
edge not yet investigated for the whole range of daily rainfall values using Pareto type
distributions. However, Pareto type distributions are very interesting and their regional-
ization performance could be looked at in a different paper.

Comment 1 : In section 5, the Authors assess the consistency with which one can
apply Ordinary Kriging for interpolating rainfall distributions. In doing so, they evaluate
the “similarity” between different rainfall distributions for increasing distances for all
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temporal scales, and they present the results in Figure 3. In lines 9-10, page 6, the
Authors state: “The graphs in Fig. 3 show a decreasing similarity of the distribution
functions with increasing distances over all temporal resolutions, as. . .”. However, the
latter comment is not accurate for temporal scales higher or equal to 1 day. Evidently,
there is no significant difference in the value of the adopted statistic even for distances
on the order of 40 km. More discussion or even investigation is needed on this matter.

Answer: The reviewer is right, with the graphs in Fig. 3 a decreasing similarity of the
distribution functions with increasing distances can not be verified for temporal scales
higher or equal to 1 day. This is, however, just an effect of the chosen plotting scale of
T. In the attachment Tdistance.pdf a graph similar to Fig. 3 b shows the development
of T over distances for higher aggregations with a different plotting scale of T. With this
graph our statement in the manuscript can be verified.

Comment 2 : Lines 5-7, page 14: How the interpolation of the non parametric
distribution functions is established to the target location? Is this done based on the
new proposed approach described in section 8.3? If yes, it should be explained more
explicitly. If no, then the Authors should include the approach used in section 9 (for cdf
idw), in the comparison of section 11.3.2.

Answer: In section 9 Regionalization example the only difference compared to the pro-
posed approach in section 8.3 is the calculation of the weights. In section 9, they are
estimated with IDW. There are several reasons why IDW instead of OK is used in sec-
tion 9 to calculate the weights. Using OK with daily precipitation values leads to the
additional challenge of including zero rainfall values within the estimation of the vari-
ogram and the kriging itself. As the focus of the manuscript does not lie on interpolating
rainfall values, the simpler IDW method is used. Therefore, IDW is also used for the
interpolation of the distributions (cdfidw) to assure that the better performance of cdfidw
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does not originate from the calculation of the weights (different with OK and IDW), but
from the chosen interpolation scheme (cdfidw, valuesidw). In the subsequent sections,
IDW is not used anymore, because OK is considered as a better interpolation method
than the simpler IDW. We realized that the use of IDW in this section is quite confusing
and the reasons should therefore be explained in more detail.

Comment 3 : Lines 4-6, page 18: The readers are not able to validate these state-
ments. The rankings provided in tables 5 and 6, are combined, i.e. they summarize
the performance of each model based on both criteria (38) and (40). Due the latter,
the discussion of Figure 8 can be challenged as well.

Answer: We agree with the reviewer that the mentioned statement can not be veri-
fied by table 5 nor table 6. However, in the attachment tablesranking.pdf we provide
the required tables, with ranking numbers constructed of the mean and median sep-
arately for each quality measure. These tables verify the criticized statement, as the
non-parametric methods always perform better concerning the W 2 measure and the
parametric mostly perform better concerning the Ld measure. Due to the length of
the manuscript we didn’t provide these tables, but both tables could be provided in an
appendix of the final paper.

Comment 4 : Table 5 shows remarkably high errors (about 5000) in the performance
of the exponential and mixed exponential models in case of the monthly precipitation
amounts, for both seasons. Considering that Table 5 corresponds to wise point
estimation, such high errors indicate complete inconsistency in the fitting of each
model to the data, which is not reasonable to me, especially if on considers that in the
case of 5-days scale, the corresponding errors are on the order of 30. The Authors
should discuss this result.
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Answer: The exponential distributions have more problems with symmetric distributions
than the rest of the considered distribution types. Monthly rainfall values are quite
symmetric, whereas the regarded range of the 5-days values are still right skewed.
Looking at the graphs in attachment cdfs.pdf may illustrate these problems. Therefore,
we do not consider the fitting of the models to the data as inconsistent.

Comment 5 : Line 15, page 9: Instead of MOM, why not using L-moments estimator
(PWM)?

Answer: To our knowledge L-moments have not yet been tested for the regionalization
of precipitation distributions respecting the whole range of rainfall values, that is why
we preferred moments as they were already tested for regionalization.

Comment 6 : Concerning the level of writing, apart from the length of the manuscript
which has already been discussed (see major comment 1), there numerous cases
of ambiguity and typos, which means that the Authors need to refine their text.
Below, I mention just a few examples: 1) line 25, page 1: “In order to run. . .for
these sites.”. Ambiguous sentence, please rephrase. 2) line 25, page 3: “only
gauges with. . . are chosen.”. Please explain better. 3) equation (1): since this
equation refers to precipitation amount (see line 13 in the same page), please replace
−∞ ≤ x < ∞ with 0 ≤ x < ∞. 4) line 9, page 5 (and in other points throughout the
manuscript): please replace “0.95 Qth” with “Qth =0.95”. 5) lines 16-17, page 5: “85%
is defined. . .” Ambiguous sentence, please rephrase. 6) line 9, page 5: “between
“between 0.2 and 1.7 mm”. This is inconsistent with the corresponding value in Table 1.

Answer: The text of the manuscript indeed needs further refinement.

Reviewer 3
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Comment 1 : It is not clear why the authors use the Inverse Distance Weighting
method in section 9 if they first talk about Ordinary Kriging as a regionalization method
in section 8. Content from section 9 is a confusing. At the end of this section the
authors said the following: (the method cdfidw) it will be adopted in the sequel with OK
as interpolation technique. It is not clear what this statement means.

Answer: See answer on comment 2 of the second reviewer.

Comment 2 : Some of the details in section 6.2 (parametric models) can be skipped
since they are very well known results. The same situation can be said from section
8.1. The paper is rather long and the shortening of this section would help with the
final length of the paper.

Answer: We agree with the reviewer and will remove some of the details in the men-
tioned sections.

Minor comments:
Page 5, par 25: a comma should have inserted after to be preassigned
Page 7, par 25. Instead of is investigated it should say are investigated
Figure 2: The y axis labels are not percentages as the title suggests
Figure 5: It is not clear what does the legend “single” mean

Answer: These minor corrections will be made.

Please also note the supplement to this comment:
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http://www.hydrol-earth-syst-sci-discuss.net/hess-2016-458/hess-2016-458-AC1-
supplement.zip

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016-458, 2016.
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