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The paper presents a methodology to characterize drought duration and intensity over
Spain using two climatic indices: SPI and SPEI. The work uses a gridded dataset of
SPI and SPEI values calculated weekly at high spatial resolution over Spain. From this
dataset and using SPEI and SPI at four different time scales, the authors obtain a peak-
over-threshold empirical series of drought duration and magnitude on which they fit a
Pareto distribution. The fitted probability distribution is then used to produce maps of
the maximum drought duration and magnitude of different time scales. The work differs
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from previous drought characterization efforts in the high spatial and temporal resolu-
tion at which the study is conducted, and the use of a GP distribution to capture the
probability distribution of extreme anomalies, which is critical for correct drought char-
acterization. I found the study valuable from the methodological point of view and from
the insight it provides on drought patterns. The paper provides important methodologi-
cal guidance on the most adequate probability distribution to characterize exceedance
thresholds through a thorough analysis of different candidate probability distributions
that could represent the POT series. It also shows that the spatial patterns of drought
can be very different when droughts are characterized at different time scales. I do
not have major methodological concerns, however, the paper is written such that some
methodological and conceptual aspects are not clear.

Many thanks for your positive comment.

Part of the problem is that the paper needs to be heavily edited for language and style.
The text has been polished by a professional English speaker to improve the language
style and text flow.

Also, the authors need to pay attention to details. For instance, some of the symbols
used in the equations are not defined in the main text or the symbols used in the
text and the equation are different (e.g. x0, w_j). The symbols corresponding to each
equation are described in the new version of the manuscript, and we have systematized
the symbols in the text and equations

The labels of Figure 1, 2 and 3 cannot be read and their general quality need to be
improved. We have improved the quality of these figures.

There are many awkwardly written sentences throughout the paper that are distracting
and detract from the quality of the study. The paper, as currently written, is not ready for
publication. The text has been polished by a professional English speaker to improve
the language style and text flow.
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Section 2.2. discusses the arbitrary nature of selecting thresholds in the indices to de-
fine drought, and how these thresholds are different for different activities or processes
impacted by drought. Then in Page 4 line 6 says that the studies uses an ‘arbitrary’
threshold of zero and define drought as an event with an index below zero. Isn’t it the
standard way of applying these indices to define drought? In that case, zero represents
the long term average climatology and therefore it could be argued it is not an arbitrary
threshold. The way the paragraph is written makes me doubt whether I am actually
interpreting this correctly. I suggest that paragraph is edited to be more specific or
clear about what the authors actually mean. Globally, there is no standard definition of
drought. Likewise, there are different procedures/methods to define a drought event,
with no standard threshold. All negative SPI or SPEI values characterize drought con-
ditions, regardless of the magnitude or severity. Some studies applies a threshold of
-0.8 or -1 z-unit to define a drought event. We have clarified the rationale behind our
selection of zero unit, as a threshold, as follows. “There are several criteria (thresh-
olds) to identify independent drought events (e.g. Fleig et al., 2006; Lee et al., 1986).
These thresholds are generally arbitrary, with no clear objective metrics to relate a
certain value of a drought index with specific sectorial impacts. Indeed, this is a chal-
lenging task, given the large number of economic sectors and environmental systems
impacted by droughts (Pérez and Barreiro-Hurlé, 2009). Furthermore, regions and
sectors can respond differently to various drought timescales (Lorenzo-Lacruz et al.,
2013; Pasho et al., 2012). In this work, we obtained the series of drought events from
the weekly gridded series of SPEI and SPI at four selected time scales (1-, 3-, 6- and
12-months). We used zero threshold to define drought events. Although this threshold
allows for inclusion of less severe drought events, it can secure a sufficient sampling
size to conduct the probabilistic analysis. Importantly, the retention of drought events
in this manner will not bias the obtained results, given that high values of the series will
be retained following the peak-over-threshold approach”. Fleig, A. K., Tallaksen, L. M.,
Hisdal, H. and Demuth, S.: A global evaluation of streamflow drought characteristics,
Hydrol. Earth Syst. Sci., 10(4), 535–552, doi:10.5194/hess-10-535-2006, 2006
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Also, a few additional details in the methodology, such as how were the climatic in-
puts used to produce the indices gridded, may help interpret the results. We have in-
cluded a more detailed description of how the gridded indices were produced. “Based
on gridded datasets of maximum and minimum air temperatures (1304 observato-
ries), precipitation (2269 observatories), wind speed (82 observatories), relative hu-
midity (179 observatories) and sunshine duration (112 observatories), Vicente-Serrano
et al. (2017) developed a high-resolution spatial (1.21 km2) and temporal (weekly)
drought dataset for Spain (412178 pixels). This dataset spans the period from 1961
to 2014. Importantly, this drought dataset was developed after a rigorous procedure
to check the quality and homogeneity of the input climatic data. The grid of each
variable was computed by universal kriging method (Borrough and McDonnell 1998;
Pebesma, 2004), using latitude, longitude and elevation of each grid cell as auxil-
iary variables. The grid layers were validated with a jackknife resampling procedure
(Phillips et al., 1992) and difference between the predicted and observed values for
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each observatory was low (see Vicente-Serrano et al., 2017 for details). Overall, the
gridded climatic data were employed to compute the Standardized Precipitation Index
(SPI) (McKee et al., 1993) and the Standardized Precipitation Evapotranspiration In-
dex (SPEI) (Vicente-Serrano et al., 2010) at different timescales ranging from 1- to
48-month (http://monitordesequia.csic.es). While the SPI accounts only for precipita-
tion data, the SPEI is based on normalization of the difference between precipitation
and atmospheric evaporative demand (AED). In this study, we employed these two
drought indices to assess the possible impacts of the AED on drought hazard proba-
bility in Spain. The SPI and SPEI were used at time scales of 1-, 3-, 6- and 12-months
for the period 1961-2014”.
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I have a few additional questions: why does the paper use the word centile instead of
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percentile? Does it have a specific meaning, like the percentile from the empirical cdf?
In the whole manuscript, we have replaced “centile” with “percentile”.

Page 4 line 21: does the 0th percentile actually exist? Does it refer to the minimum
value in the record? Indeed, the 0th percentile considers all the serie.

Page 7 line 9-10: I am not sure you should expect that low model observation agree-
ment is caused by the lower sampling size at long time scales. Why would that be?
Goodness of fit and robustness are different things. At longer scales there are less
events, so we have lower sampling size. This clearly affects the accuaracy of the esti-
amtions. The extreme cases are the pixels that have no solution for the GP parameters,
which also increase for longer scales (see Table 2).
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