
NHESSD

Interactive
comment

Printer-friendly version

Discussion paper

Nat. Hazards Earth Syst. Sci. Discuss.,
https://doi.org/10.5194/nhess-2019-185-AC1, 2019
© Author(s) 2019. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “Wet and dry spells in
Senegal: Evaluation of satellite-based and model
re-analysis rainfall estimates” by Cheikh Modou
Noreyni Fall et al.

Cheikh Modou Noreyni Fall et al.

christophe.lavaysse@ird.fr

Received and published: 13 December 2019

General comments

This paper analyses the occurrence of wet and dry spells in Senegal estimated from
a set of precipitation products (in situ, satellite and reanalysis). Although the purpose
of the paper is valuable and results potentially significant, the overall quality of the
analysis and presentation is below acceptable standard.
We first thank the reviewer for its valuable contribution and evaluation of the document.
We have modified and corrected the document as suggested to reach the standard
of the journal. Significant improvements have been done and clarifications have been
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included. Please find the responses of the general and specific comments in red.

1) Language needs substantial revision and improvement, by a native speaker if pos-
sible;
we have checked the document with a native english speaker.

2) The presentation of the method (description of kriging in Section 1.1 and definition of
Wet and Dry spells in Section 1.3) needs improvement, the description of the methods
should be expanded and the presentation clarifyed;
These subsection have been modified and additional informations have been provided.

3) The presentation of the results is often unclear, and results themselves are not dis-
cussed enough: Section 2 is basically a description of the figures, and the keypoint
of the paper, i.e. the comparison of the precipitation datasets, is never actually ad-
dressed;
First, the figures have been modified. We have also modified the section 2 with more
discussions on the results and less descriptions. That implies more discussions about
the comparison of precipitation. Nevertheless, the reviewer mentions the keypoint of
the paper is the comparison of the precipitation datasets. This is not correct. The main
objective is the comparison of the detection of wet and dry spells, that are more spe-
cific that precipitation comparisons. We have clarified this point in the objective of this
study.

4) Figure captions should be improved;
Modified as suggested.

5) Conclusion section is not conclusive at all, it is just a summary of the paper.
We have improved the conclusion section by providing the keys messages of this inter-
comparison. That results are really relevant for users and researchers working over
these regions or with theses datasets and provide the uncertainties that are related to
the monitoring of extreme wet and dry spells.
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For the above reasons I cannot recommend the publication of the paper in NHESS. I
suggest the authors to undertake a substantial revision of the paper, and resubmit it for
new consideration. I list below my specific comments that I hope can help the authors
in improving the paper.
We thank again the reviewer for providing these useful comments . We took into ac-
count all of them to substantially improved the quality of this study. These changes
increase significantly the quality of the paper and, we hope, they allow to reach the
standard of the journal.

Specific comments

Page 1, line 6: “more variability”, do you refer to some intra-dataset variability? If this
is the case, this expression is not suitable, please rephrase.
Indeed, the term "more variability" is used to illustrate the differences between prod-
ucts.The sentence has been rephrased to clarify.

Page 1, lines 9-10: these lines are unclear.
All the paragraph has been rewritten to correct an to clarify the text.

Page 1, line 15: add the reference to Taylor et al. 2017,
https://www.nature.com/articles/nature22069.
Modified as suggested

Page 1, lines 15-16: this sentence should be moved at line 19, before “Recently ex-
treme events: : :”
Modified as suggested

Page 2, lines 25-27: sentence unclear.
According to the reviewer comments, all the paragraph has been rewritten.

Page 2, line 30: when stating the objective of the paper, it is not clear that you compare
satellite/reanalysis products to rain gauges, which you consider as reference. Please
clarify this point.

C3

https://www.nat-hazards-earth-syst-sci-discuss.net/
https://www.nat-hazards-earth-syst-sci-discuss.net/nhess-2019-185/nhess-2019-185-AC1-print.pdf
https://www.nat-hazards-earth-syst-sci-discuss.net/nhess-2019-185
http://creativecommons.org/licenses/by/3.0/


NHESSD

Interactive
comment

Printer-friendly version

Discussion paper

We thank the reviewer for this comment. Indeed, this important point need to be clar-
ified. This paper aims to make an inter-comparison between several products from
observations, satellite data and models. More specifically, the objective is to compare
them on their ability to detect potentially high-impact dry and wet events occurring in
Senegal. However, according to literature and the data characteristics, there is no
ideal product, especially when studying strong to extreme events. Indeed, the network
of surface observations is too coarse, the products derived from satellite datasets are
sometimes unprecise either because of approximations (due to some proxy used) or
because of orbital characteristics (revisit period, resolutions), and finally the models
are well known to have uncertainties, especially over the tropical areas. Thus, it seems
difficult to say which product is the reference even if ground observations are expected
to be an ideal candidate. However, the uncertainties associated with krigging technics,
highlighted in our study, show that even these products should be used with caution.

Page 2, line 33: are wet and dry spells “extreme hazards”?
Dry and wet spells are defined with different intensities and durations. Thus, events
can be considered moderate to extreme for the highest intensities and/or the longest
durations. This work is a first step in identifying potential high impact events. It is
therefore important of having a large sample of different events. However, most of the
results presented in the study focus on events that have a return period of about ten
years. We have clarified this point in the text.

Page 3, line 1: DS, DSC, WS and WSC are not defined in the text.
Sorry for this mistake. Every wet and dry spells is now well defined in the text.

Section 1.1: do rain-gauge time series have passed any objective homogeneity check?
The rain-gauges used in this study have passed two levels of quality control. The
first one is a manual check for suspicious records was carried out and then additional
checks were carried out, including verification of station locations, identification of re-
peated data, identification of outliers, comparative tests using neighbouring stations
and search for suspicious zero values (missing data or zero precipitation). This infor-
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mation has been added in the text.

Section 1.1: BK is poorly described.
A better description of the technical procedure to generate block krigging is now added.
This description gives sufficient information for the reader to understand the technic.
The details of this technic are described in supported litteratures cited in the new ver-
sion.

how the lambda weight are assigned?
The basis of kriging is the variogram which is a function of the variance and distances
between stations. This function gives two properties, the nugget effect which corre-
sponds to the limit of the variogram in zero. The nugget effect represents the variation
between two very close measurements and the range that corresponds to reaching a
plateau indicating that there is no longer any spatial dependence between the data.
Depending on these two parameters we have the screen effect: the nearest points re-
ceive the most important weights (lambda). This screen effect varies according to the
configuration and the variogram model used for kriging. The greater the nugget effect,
the less screen effect there is.

Page 3, line 18: why kriging reduces high values and increase low values? Please
explain. Equation 2: what is xq?
Kriging tends to greatly smooth intensities. This effect is well known and tends to
reduce extreme wet and dry events and converge to the mean values, especially when
the network of rain-gauges is coarse. In consequences, the intensities are reduced as
well as the occurrence of zero rain. The effect is similar to a smoothing when applying
mean values. Equation 2 is a bias correction using the quantile mapping method. This
method corrects the underestimation of high rainfall intensities by kriging. xq are the
kriged data values; xo are the observed data values. The purpose of quantile mapping
is to bring the two Cumulative Distribution Function (CDF) together. By correcting the
distribution of the kriging outputs, percentiles and high intensities are corrected as well.
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Page 3, line 22: square root of OK variance is used for what?
Square root of variance is a derived product for the kriging technic. It is also commonly
called kriging error. It was used with a threshold of 0.5 to identify regions with low rain
gauge density. Looking at the results in Figure 2, it can be seen that the eastern central
part of the country is ignored because the error on kriging is less than 0.5. This choice
is essential for the reliability of the data collected.

Section 1.2: there are discrepancies in dataset resolutions in the text and Table 1,
please check.
Corrected

Page 5, line 9: where did you define wet and dry spells as extremes? “A maximum
number of definition”, this sentence is unclear.
We agree that these sentences were not clear. The entire paragraph has been rewrit-
ten.

Page 5, line 16: on which statistical basis do you define “DS extreme long”? You should
use the “extreme” word carefully, and only after an analysis of distributions.
We agree with the reviewer, and the term “extreme” is now used with more caution.
Nevertheless, it is worth noting that the selection of dry and wet spells is based on the
PDF of the precipitation from 1991 to 2010 to select some of the most extreme events.
It is, obviously, depending to the criterias but most of the events have a 10-y return
period.

Page 5, line 20: what do you mean by “DSC duration is known”? Please clarify.
We have clarified that DSC have fixed durations, from 5 to 20 days.

Page 6, line 12: why BK is more comparable to averaged values and more in agree-
ment with satellites?
According to the literature (Lloyd and Atkinson, 2001; Maidment et al., 2013;panthou
et al., 2018), the two methods of kriging are different: Ordinary Kriging (OK) estimates
rain as a punctual value while Block Kriging (BK) estimates rain on space blocks with
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an average value rainfall. Rainfall satellite estimates are closer to an average value
over a space block than a punctual value. For this reason, the BK should be closer to
satellite datasets.

Page 6, line 14: please explain why radar on board of TRMM explain TRMM perfor-
mance.
The TRMM satellite is the first satellite with an active radar instrument onboard. It is a
powerful added value since it provides a profil of the rainfall activity. This is especially
important over tropical region where unsateurated downdraft and evaporation of the
rainfall is important. It is also important since the rainfall estimates is not based on a
proxy of the top of the convective cells. This estimation is quite common and derived
from passive radiometer but shows some bias (overestimation) during the collapsing
period of the convective cells. This point is now clarified in the document.

Page 6, line 15: please improve the description of the Peanut Basin or highlight it on
the map, to facilitate the reader to locate the region.
Modified as suggested

Page 6, lines 20-21: This actually means that during dry season date are not collected,
isn’t it? In this case you cannot consider these days as dry.
This is correct. We have clarified the document as suggested.

Page 6, line 26: does “variability” refer to the datasets? I suggest to find another
expression in this case. How can I compare seasonal and intra-seasonal variability in
Fig. 3?
These sentences have been clarified. The term has been changed as suggested to
clarify this point.

Page 6, line 29: datasets are actually four.
Corrected as suggested

Page 8, line 4: “depth of wet day”?
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Modified by “rain amount of day”

Page 8, lines 22-24: here again you discuss TRMM performance, but discussion should
be expanded.
It is obviously difficult to conclude that the radar explains all the results. But it is worth
to note that active instrument provide a more accurate datasets. This is especially true
for the wet events and not for the dry ones.

Page 9, line 8: sentence unclear.
We agree that this sentence were unclear and the entire paragraph has been modified.

Page 9, line 19: how do you define “extreme rainfall deficits”?
This was used as a synonym of the dry spells but we agree that can generate some
confusions. The sentence has been rewritten.

Page 9, line 22: according to Table 1, not all the products are upgraded (BTW this is
just regridding, so another word should be used).
We define upgridding when the regridding is done to a coarser resolution. For most of
the datasets, the regridding is actually an upgrading. Nevertheless, we have clarified
that some datasets are just regridded.

Page 10, line 5: as in the Abstract, please clarify this sentence.
We agree that these sentences were not clear. The sentence has been modified.

Page 10, line 14: same sentence on TRMM performance, but no discussion.
According to the comments of the reviewer. We have modified and clarified all the
sentences related to the radar of TRMM. See previous comments.

Figure 4: what is depicted here? Yearly averages?
This is the average number of dry spells (DS and DSC) per year collected on all grid
points. Thus the boxplots illustrate the spatial variability of these indicators. The caption
has been clarified.

Figure 5: what is displayed here? What does the y-axis refer to?
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This figure illustrates the seasonal cycle of occurrences of dry spells (DS and DSC)
from 1998 to 2010 over all grid points. This occurrence was previously indicated in
term of number (depending the number of years and grid cells used). In the new
version of the document, the frequency of the event, in relation to the total number of
event, has been provided. This indicator, in percent, is more understandable.

Figure 8: what do the y-axis refer to? Are monthly values represented?
Same answer as with Figure 5. Again, the new figure and caption, on the frequencies
of these events, facilitate the comprehension of these results.

Table 1: check table header.
Modified as suggested

Technical corrections
Language is below acceptable standard, and the paper requires a substantial revision
in this sense, therefore I omit here to indicate individual issues.
The entire document has been revised and clarified. A native English speaker has
corrected the English.

Interactive comment on Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-
2019-185, 2019.
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