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We gratefully thank Reviewer 1 for these supportive and constructive comments, which
will improve the quality of the Review. Below we provide the Reviewer’s comments
verbatim in black font, and our responses immediately below each comment in blue
font.

Whereas most reviews focus on a single aspect of hydrologic non-stationarity (e.g.
the type of trend tests applicable) this manuscript I believe is the first manuscript to
review the entire non-stationary management process from identifying metrics, data
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considerations, through to analysis and management.

I have provided a lot of comments, but they are mainly editorial in nature. I understand
it is not possible to capture all published literature in a review. Hence where I have
suggested references or additional methods to be described the authors should not
feel these recommendations are prescriptive.

Maybe one general comment: The manuscript described changes to wind in detail
at the start, but it didn’t seem that wind was mentioned in Section 5. This may be
something the authors wish to consider in a revised manuscript.

Otherwise, thank you for the allowing me to review this manuscript which I am
confident will be a very welcome addition to the literature. Please see below for my
specific comments.
We thank the Reviewer for their positive feedback. We will make sure that wind is
mentioned in Section 5, so that all extremes are described throughout the manuscript.

Page 1, Abstract: As the title mentions “management” I think the abstract should
mention management also.
We will mention management in the abstract.

Page 1, Line 18: I think you should define natural nonstationarity. My guess is you
mean “large scale climate variability” like ENSO and Milankovitch cycles? I am not
sure.
This sentence and section will be clarified, to make it clear that it is the model used
to describe the extremes that is stationary/nonstationary. Instead of ’natural nonsta-
tionarity’ we will discuss ’natural drivers of nonstationarity’. We will explain the role
of large scale climate modes (which are both natural and affected by anthropogenic
climate change to varying extents).
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Page 2, Figure 1: I wonder if this figure would work better as more generic: “magni-
tude” on the y-axis and “time” on the x-axis rather than specific numbers.
We agree, and will revise Figure 1 as suggested.

Page 2, Line 4: “death of stationarity in water management” – I would add water
management as I think that is what Milly et al was specifically referring to and it ties to
your title.
Thank you - we will clarify the sentence.

Page 3, Line 3: I would remove “somewhat” and just state “are predictable”.
We will remove the term.

Page 3, Line 4-11: My feeling is this paragraph could be deleted. It is repeating what
was said before.
We will delete/merge the two paragraphs to ensure there is no repetition.

Page 3, Line 13: Where you state your manuscript as an “introductory overview”
maybe you could say something stronger like the manuscript is the first to review
the entire non-stationary management process from identifying metrics to analysis
through to management. I am not sure my wording is the best, but I hope the authors
understand the sentiment.
Yes, thank you for the suggestion! We will strengthen the sentence.

Page 3, Figure 2: The words “issues” under attribution sounded a bit vague in the
context of the other headings and sub-headings.
Yes, good point. We will update the figure.
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Section 2. I somewhat disagree with the choice of subheadings. I don’t think you
answer the questions but rather summarise the metrics used to investigate the
symptoms (as you state at the start). Hence, I feel the headings would be better as
“event magnitude”, “frequency”, and “timing”. But I respect the authors may disagree.
We may adjust the headings.

Page 4, Line 22: I think a sentence defining the PMP is needed before the sentence
which states “For a complete state-of-the-art review. . .”
We will define the PMP at this point.

Page 4, Line 25: This doesn’t quite fit in this section. It would fit however if you stated
what metric they used and then it would be an example of the application of the metrics
above.
The Reviewer is referring to the sentence "A recent global analysis of observed rainfall
data indicated that...". This is a fair point and we will adjust the sentence as suggested.

Page 6, Line 10: I didn’t understand what “both sides” meant.
We will rephrase the sentence.

Page 7, Line 22: “percentage of time” (remove “the”).
Will do.

Page 7, Section 2.2. It could be worth noting the identification of independent events for
pot analysis can be performed by fitting Poisson models https://doi.org/10.1016/0022-
1694(82)90136-6
This will be noted, and a reference to Restrepo-Posada and Eagleson (1982) will be
added, as suggested by the Reviewer.
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Page 8, Line 28: I don’t agree with the AEP definition as an average waiting time as I
think a better definition is the probability of occurrence above a threshold in a given
year.
We will update the definition and clarify this point.

Page 9, Figure 4: I am not sure all the panels of the Figure were referred to in Section
2?
We will make sure that all panels are referenced in the text.

Page 10, Line 5: A possible useful reference: https://doi.org/10.1038/s41598-019-
52277-4
A reference to Myhre et al. (2019) will be added.

Page 10, Section 2.3: Some recent references on changed rainfall timing are:
https://doi.org/10.1029/2018GL079567; https://doi.org/10.5194/nhess-18-2047-2018.
Recent references on changed flood timing are:
https://doi.org/10.1029/2019WR026300; https://doi.org/10.1029/2020WR027233.
These are helpful suggestions. References to Marelle et al. (2018), Brönnimann et al.
(2018), Wasko et al. (2020a) and Wasko et al. (2020b) will be added, thank you.

Page 11, Line 11: I feel the word ‘essential’ in the title is superlative.
The Reviewer refers to section 3, "Essential data considerations before detecting and
attributing nonstationarity". The word "essential" will be removed.

Page 11, Line 15: Could insert “particularly” in front of prevalent (as data issues tend
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to be worse for extremes).
We will make the change.

Page 11, Line 21: “channel” cross-sections? This might help make it clearer that
this refers to streamflow specifically (the factors listed before this apply to all weather
stations).
Good point, we will alter this.

Page 11, Line 27: I wasn’t quite sure what “system drift” means.
We will clarify the sentence.

Page 12, Figure 5: I don’t know what “recon”, “eval”, “cal” stand for. I feel this figure
could be better explained (at least in the caption).
The figure will be clarified.

Page 11, Line 29: Figure 5 presents an “approach” for dealing with homogeneity not
“tests”.
Will alter this.

Page 12, Line 11: I agree with the statement, but I don’t actually know what climatolo-
gists are doing better than hydrologists – could this be stated explicitly?
We will clarify this statement.

Page 13, Line 13: “Climate is non-stationary by definition”: or does it depend on the
record length as you have stated? That is, if you pick the correct length of record it will
be stationary? This statement probably just needs explaining to fit in the context here.
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We will rewrite this sentence, which is currently flawed.

Page 14, Line 20: I am not sure Theil Sen is a “test”. Maybe a test statistic? But even
then, this is not strictly correct. Maybe remove the following text: “An additional test
called the”
Correct - this was an error and will be altered.

Page 14, Line 21: “slope” -> “magnitude”?
Yes - we will alter this.

Page 14, Line 27: I think the statement “in cases where the assumptions of OLS are
not met QR may be used” is correct but I want to note that when the assumptions of
OLS aren’t met (e.g. linearity) many authors argue non-parametric methods (such as
MK) should be used. It would be helpful to state what the assumptions are and point
out that the Theil-Sen slope estimator is an alternative also?
We will state the assumptions and introduce the alternatives.

Page 15, Line 8: Or climate covariate? http://dx.doi.org/10.1016/j.jhydrol.2015.04.041
(the advantage being you can then covariate with GCM projections).
We will modify the text and add a reference to Du et al. (2015) in the section where we
discuss statistical-dynamical projections.

Page 15, Line 29: After 2018 can add a reference to Figure panel 6f and maybe start
a new paragraph.
Will do, thank you.
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Page 17, Section 4.2: Max-stable models (after Coles, 2001) are another method of
pooling data directly
(e.g. https://doi.org/10.1016/j.jhydrol.2011.06.014)
Thank you! The references, incl. Coles (2001) and Westra and Sisson (2011) will be
added.

Page 18, Section 4.4: I think this section mentions circular statistics used
but not the methods used to calculate the trend (e.g. circular regres-
sion: https://doi.org/10.1029/2019WR026300; circular-linear associations
(Villarini, 2016); Theil-Sen (Bloschl et al 2017); Linear regression before
https://doi.org/10.1126/science.1152538
or after standardization https://doi.org/10.1029/2020WR027233. I think alongside Gu
et al., 2017 the following apply
https://doi.org/10.1029/2018GL079567; https://doi.org/10.5194/nhess-18-2047-2018.
Thank you for pointing this out. References to Wasko et al. (2020a), Barnett et al.
(2008), and Wasko et al. (2020b) will be added (as well as the others). Alongside Gu
et al. (2017) we will also add Marelle et al. (2018) and Brönnimann et al. (2018).

Page 19, Line 10: Not sure the other sections had this transitionary statement so not
sure it is needed here.
Thank you. We will consider deleting the sentence.

Page 19, Line 25: “The effect of these nonstationary drivers, and their interaction, is
complex. . .” Could insert “their interaction” to tie this to Section 5.5.
Will do.

Page 20, Line 5: I recognise most studies approximate this to 7% but 6-7% is probably
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more in line with background land temperatures.
We will update this.

Page 20, Line 12: Can it just be made clearer that the “longer duration” events
statement is specific to the UK example. The way it is phrased it sounds like a global
change which may not be true.
We will update this.

Page 22, Line 19: I appreciate the following reference isn’t for extremes
but it does provide a mechanism for more greening under climate change:
https://doi.org/10.1038/nclimate2831
Thank you. A reference to Ukkola et al. (2016) will be added.

Page 24, Line 9: The following reference could be relevant to the soil moisture-rainfall
feedbacks: https://doi.org/10.1029/2018JD029762
Thank you. A reference to Holgate et al. (2019) will be added.

Page 24, Line 29: “Climate modelling framework in Section 4.2”. I might have missed
something as I am not aware of a climate modelling framework being introduced in
Section 4.2. Maybe some rephrasing would help the reader follow here.
This will be rephrased/clarified.

Page 26, Section 6.3: I think I expected a reference to the following which I think
was the first study to attribute extreme rainfalls to human induced climate change:
https://doi.org/10.1038/nature09763.
Thank you. A reference to Min et al. (2011) will be added.
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Page 29, Line 4: Again, I am not sure the transitionary sentence is required.
We will consider whether to delete this sentence.

Page 29, Section 7: In the context of whether or not a system is vulnerable and requires
management this following might be of interest: https://doi.org/10.1007/s10584-019-
02497-4
Thank you. A reference to Nathan et al. (2019) will be added.

Page 30, Lines 7-19: I did fail to see the relevance of much of this section given
that non-stationarity deals with “climate” and hence longer time scales than those in
numerical weather prediction. Maybe this section of text could be shortened as I feel it
is more a pointer to Section 7.3.
Thank you. We will shorten the text accordingly.

Page 30, Line 30: I would have thought the main limitation is the fact that in hy-
drology we are interested in projections at the catchment scale, but climate models
work on resolutions much greater than this necessitating complex downscaling.
I appreciate you pointed to this in the previous section, but I can’t help but feel
this is a natural place for mentioning this point and describing it in a few sen-
tences. I think a discussion on downscaling would not go astray here. See also:
http://dx.doi.org/10.1016/j.jhydrol.2014.11.003
We will discuss the issue of downscaling here, and will also refer to Madsen et al.
(2014).

Page 32, Line 29: I am not sure that the presence of non-stationarity itself is contro-
versial but whether it should be considered?
Yes. We will clarify this sentence.
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Page 33, Line 3: Would it make sense to write out the definition of functional non-
stationarity again here?
We might remove the term and instead highlight (and define) the different approaches.

Page 33, Line 31: Maybe “The” final step?
This will be altered.

References

Barnett, T., Pierce, D., Hidalgo, H., Bonfils, C., Santer, B., Das, T., and Bala, G.: Wood,
AW, Nozawa, T., Mirin, AA, Cayan, DR, and Dettinger, MD: Human induced changes
in the hydrology of the western United States, Science, 319, 1080–1083, 15.

Brönnimann, S., Rajczak, J., Fischer, E. M., Raible, C., Rohrer, M., and Schär, C.:
Changing seasonality of moderate and extreme precipitation events in the Alps, Natural
Hazards and Earth System Sciences, 18, 2047–2056, 2018.

Coles, S.: An Introduction to Statistical Modeling of Extreme Values, Springer Series
in Statistics, Springer-Verlag, London, //www.springer.com/gp/book/9781852334598,
2001.

Du, T., Xiong, L., Xu, C.-Y., Gippel, C. J., Guo, S., and Liu, P.: Return period and risk
analysis of nonstationary low-flow series under climate change, Journal of Hydrology,
527, 234–250, 2015.

Holgate, C., Van Dijk, A., Evans, J., and Pitman, A.: The Importance of the One-
Dimensional Assumption in Soil Moisture-Rainfall Depth Correlation at Varying Spatial

C11

https://hess.copernicus.org/preprints/
https://hess.copernicus.org/preprints/hess-2020-576/hess-2020-576-AC1-print.pdf
https://hess.copernicus.org/preprints/hess-2020-576
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

Scales, Journal of Geophysical Research: Atmospheres, 124, 2964–2975, 2019.

Madsen, H., Lawrence, D., Lang, M., Martinkova, M., and Kjeldsen, T.: Review of trend
analysis and climate change projections of extreme precipitation and floods in Europe,
Journal of Hydrology, 519, 3634–3650, 2014.

Marelle, L., Myhre, G., Hodnebrog, Ø., Sillmann, J., and Samset, B. H.: The changing
seasonality of extreme daily precipitation, Geophysical Research Letters, 45, 11–352,
2018.

Min, S.-K., Zhang, X., Zwiers, F. W., and Hegerl, G. C.: Human contribution to more-
intense precipitation extremes, Nature, 470, 378–381,2011

Myhre, G., Alterskjær, K., Stjern, C. W., Hodnebrog, Ø., Marelle, L., Samset, B. H.,
Sillmann, J., Schaller, N., Fischer, E., Schulz, M., et al.: Frequency of extreme pre-
cipitation increases extensively with event rareness under global warming, Scientific
reports, 9, 1–10, 2019.

Nathan, R., McMahon, T., Peel, M., and Horne, A.: Assessing the degree of hydrologic
stress due to climate change, Climatic Change, 156, 2087–104, 2019.

Restrepo-Posada, P. J. and Eagleson, P. S.: Identification of independent rainstorms,
Journal of Hydrology, 55, 303–319, 1982.

Ukkola, A. M., Prentice, I. C., Keenan, T. F., Van Dijk, A. I., Viney, N. R., Myneni, R. B.,
and Bi, J.: Reduced streamflow in water-stressed climates consistent with CO 2 effects
on vegetation, Nature Climate Change, 6, 75–78, 2016.

Wasko, C., Nathan, R., and Peel, M. C.: Changes in antecedent soil moisture modulate
flood seasonality in a changing climate, Water Resources Research, 56, 2020a.

Wasko, C., Nathan, R., and Peel, M. C.: Trends in global flood and streamflow timing
based on local water year, Water Resources Research,56, e2020WR027 233, 2020b.

Westra, S. and Sisson, S. A.: Detection of non-stationarity in precipitation extremes

C12

https://hess.copernicus.org/preprints/
https://hess.copernicus.org/preprints/hess-2020-576/hess-2020-576-AC1-print.pdf
https://hess.copernicus.org/preprints/hess-2020-576
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

using a max-stable process model, Journal of Hydrology, 406, 119–128, 2011

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2020-
576, 2020.

C13

https://hess.copernicus.org/preprints/
https://hess.copernicus.org/preprints/hess-2020-576/hess-2020-576-AC1-print.pdf
https://hess.copernicus.org/preprints/hess-2020-576
http://creativecommons.org/licenses/by/3.0/

