Reponses to comments by Reviewer #2

(Reviewer’s comments are shown in Italic)

Dear Reviewer #2;

Thank you very much for your helpful review. We have carefully studied the comments
and suggestions and revised our paper accordingly. The following are our point-by-
point responses to the general and specific comments. We hope that our responses
adequately address the comments. Below is our response to the issues raised in the
review.

1. Given that the manuscript focus on the effect of “Super-blood-moon™, it is necessary to give
a clear statement (perhaps a few sentence) to briefly explain the factors from the "super-
moon" as well as the "blood-moon". These are separate events, which coincidently happened
together on Sep.28 2015. The effect on tides from the "blood-moon" comes from the alignment
of Sun-Earth-Moon, indicated by the total eclipse. But the effect on tides from the "super-
moon" comes from the minimum distance between Earth and Moon, which gives extra
gravitational pulling. In this sense, the first paragraph of the introduction should be
reorganized to reflect both points, and later in sect. 7 "Total lunar eclipse impact", the first
sentence needs to be revised as the eclipse is mismatched with the statement of "a moon
closest to the earth™. Actually, since lunar eclipse only occurs right around full moon, and
super-moon traditionally refers only to new moon or full moon at closest point, the "blood-
moon" itself is repetitive concept here - but | guess it is just a minor issue and can be ignored.

Our reply (1): Thank you very much for all your constructive comments, which have
been used to improve the quality of our manuscript. As regards your general
observation, we have added the following paragraph in the Introduction Section: During
this event, three things will occur at once. The moon will be both full and at its closest
point to Earth (356,877 Km) away; that’s known as a Super-Moon or Perigee Moon
(NASA, 2015). And this will occur at the same time as a total lunar eclipse; that means
the Moon, Sun and Earth will be aligned. Because of its proximity to Earth, the Moon
will appear brighter and larger (14% larger and 30% brighter than other full moons) in
the sky (NASA, 2015). And it will appear a dark, coppery red, caused by the Earth
blocking the sun light that refracted by the atmosphere into the umbra (Hughes et al.,
2015). In the other hand, the tidal motions are controlled by changes in the position and
alignment of the Moon and Sun relative to Earth (Stronach, 1989). In addition, tidal
forces are strengthened if the moon is closest to Earth in its elliptical orbit and when
the Sun and Moon are directly over the equator (NOC, 2015).

Our reply (2): Similarly, we have included the following sentence in the Total lunar
eclipse section: The impact of the combination of a Super-Moon and a total lunar
eclipse on river hydrodynamics are mainly caused by the moon closest to Earth, which
gives extra gravitational pulling, and by the alignment of Sun-Earth-Moon.



Our reply (3): We agree with your good observation that the ‘“Super-Moon”
traditionally refers only to new moon or full moon at closest point, the “blood-moon” is
a repetitive appellation. We have revised this term in all text.

2. In Sect.2, the authors provided a detailed, yet lengthy review on the analytical and
numerical models. The efforts putting in listing and organizing the derivation of equations are
definitely appreciated - it is understandable that keeping track of all the variables must be a
difficult task. However, I'm afraid that it is necessary for the authors to provide a
nomenclature to make it easier for the readers as well as to avoid errors of giving the same
physical parameter two different names (such as Qf and Q, and the one of manning’s
coefficient pointed out by the other referee). Another request is to have a definition for each
symbol when it first appears in the text, such as "a" in equation (4). Between sect.2 and sect.5,
it would be nice to directly refer to the equations in sect.2 by number when discussing the
results in sect.5. This is also to make sure that the listing of equations in sect.2 is not too
excessive - in fact | think some equations can be removed from the text if they are not directly
connected to the modeling work later.

Our reply: We thank the reviewer for the detailed reading. In the revised MS; we have
included a Nomenclature and an Abbreviation lists. In addition, parameters
nomenclature was clarified and homogenized along the paper: for example the
Manning-Strickler friction coefficient (Ks) is clarified as the inverse value of Manning’s
coefficient n (Ks=1/n).

In the other hand, in our view the presentation of the equations in Sec.2 (for the
analytical or numerical model) is essential for a best understanding of the theoretical
content. Authors have no problem in changing this section if requested in the final stage
of the manuscript editing.

3.Perhaps | have not fully understood the meaning of "predictive™ power of the analytical
models - as it seems to me the calibration (and optimization of parameters) is applied to all
the data, including the normal tides and the supermoon eclipse. The Levenberg-Marquardt
method applied here essentially fit the curves to the measured salinity data. Then the question
is: how is this able to provide prediction if it needs to be calibrated for each event (change of
tidal amplitude, etc.) using measured data?

On the other hand, the authors did a nice job explaining the power of the numerical model, by
calibrating the model using only one day of measurements within the 3-day data, and
validated the model with the other two days’ data. Please at least comment on how the
analytical models can apply to other extreme events for which no direct measurements are
available.

And,a brief comment on the difference between the curves produced from computed
parameter values (Eq.8, 9) and produced with optimized values would be helpful to further
demonstrate the power of analytical models.



4. Following the points above, can the authors expand a little bit on the application to other
extreme events? Seems that the effect on salinity change comes from abnormally high tides
caused by the celestial event, how would these models be applied to those events? Most
importantly, could the authors comment on how and where to obtain the necessary
information/data to calibrate the model?

Our reply (1): Thanks for raising this important point. “Predictive models” are very
interesting tools for researchers, engineers and water managers to obtain first order
estimates of essential process in estuaries. In addition, the analytical predictive models
is completely transparent, practical and requiring minimal data, allowing direct
assessment of the influence of individual variables and parameters on the salinity
intrusion. The analytical model of salt intrusion used in this paper merits well the
appellation of Predictive tool for many reasons:

1- Using limited data of salinity in the seaward part of the river at HWS permits the
calculation of the parameters So, Do™'° and K. Consequently, the salinities and
dispersion coefficients at any point along the estuary can be easily predicted using

equations 1 and 2.
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2- If the model is calibrate using data measurements achieved at HWS, the salinity
distribution can be computed at LWS and TA based on the relation between salinity
distributions during the three conditions. The salt distribution curve at HWS could be
shifted downstream over a horizontal distance equal to the tidal excursion length (E)
and half of the tidal excursion length (E/2) to predict the salt distribution curve at LWS
and TA conditions respectively (Savenije, 2012).
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3- The eclipse during September 28" 2015 caused an increase in water level and salinity
concentration along the Sebou estuary. The study of saline intrusion at this event permit
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the realization of salinity nomograms (salinity profile for different river flows), based
on the K and D parameters calibrated for this event. If extreme and similar situations
occur in the future (other eclipse, global sea rise), managers can use these nomograms to
get a quick estimation of salt intrusion length and the salt amplitude, even with limited
measurements. The K and D settings for these predicted events will be different but
very closest to those of the 2015’s eclipse (same family and event category). The
salinity in the estuary during future extreme events can be calculated with a good error
range.

For example, according to the 5th report of Intergovernmental Panel on Climate change
(IPCC, 2014) Moroccan costal Atlantic sea level will increase significantly during the
next decades. Sea level rise can severely affected Fresh-water resources and push saline
water further upstream in estuaries. Sea level rise that will be a consequence of global
warming is similar to that observed during the short extreme event of 2015’s eclipse.
Studying the eclipse of 2015 can help to predict future sea level rise impacts.

a brief comment on the difference between the curves produced from computed

parameter values (Eq.8, 9) and produced with optimized values would be helpful to further
demonstrate the power of analytical models.
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Our reply (2): The curves produced from computed parameters, i.e.,Van der Burgh’s
coefficient K and dispersion coefficient D; presents a good correlation with the curves
from optimized values (see figure below). This indicates that the predictive equations
developed by Savenije (1993a, 2012) and revised by Gisen et al (2015) are appropriate
to be applied in getting a first estimate of K and D; and starting values for the
optimization procedure (quick convergence). Authors have no problem in adding these
figures if requested in the final stage of the manuscript editing.
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Figure. Observed and analytically model for longitudinal salinity distribution along the Sebou estuary at HWS
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5. This manuscript contains a lot of good work, but the grammar and format need a thorough
improvement. A few key things include: - The section/sub-section numbers are wrong, e.g.
section 2 starts with subsection 1.2, which should be 2.1 | assume. - The "product™ symbol
(the dot) in the equations are in the wrong format. Also please be careful to unify the format
of all mathematical symbols in the text, e.g. all in italic, etc. - There are too many parentheses
in the text - some should be removed and some would read better if the text in the parentheses
is re-written into the main text. | point out a few places in the technical corrections below. -
Please check up the text carefully in the revision to minimize mis-spelling, etc.

Our reply: Thank you for pointing this out. In the revised MS, we have organized all
Section/Sub-section and the “product” symbol “dot” in the equations is removed. Also
the many parentheses in the text some are removed. In addition, all mis-spelling and
grammatical errors pointed out by the reviewers have been corrected.

Minor Comments:

Page 1, Line 18 The parenthesis around Savenije theory should be removed.
Our reply: Corrected, made in the revised MS.

Page 3, Line 26 "downstream™ should be replaced by "seaward".
Our reply: Corrected, made in the revised MS.

Page 3, Line 27 "where" should be removed.
Our reply: Corrected, made in the revised MS.

Page 4, Line 19 The parenthesis around "equation (2.38)" should be removed.
Our reply: Corrected, made in the revised MS.

Page 8, Line 17 "hydrodynamic radius" should be "hydraulic radius". Hydrodynamic radius
is a completely different concept that describe particles moving through solute.

Our reply: We agree with your comments. Corrected, made in the revised MS.
Page 8, Line 22 Remove ", n is the™.

Our reply: Corrected, made in the revised MS.
Page 10, Line 21 please provide the source/reference of the bathymetry data.

Our reply: The bathymetric data used in the study (analytical and numerical models)
were provided by local water authorities (i.e. ANP, National Agency of Ports and Water
Services of Kenitra town) in a row format (AutoCAD files). In other hand, some
topographic and satellite maps were exploited. This information have been indicated in
the revised MS.

Page 11, Line 6 "the depth gradually increases”, in which direction. Also the same paragraph
is confusing to read.



Our reply: The depth gradually increases from Lalla Aicha dam (upstream) to seaward.
Also, we have rephrased this paragraph in the revised MS.

Page 11, Line 9 A comment on how these stations are chosen would be great. Was it for the
availability or it has taken into account the best location for model calibration/ validation?

Our reply: These stations were chosen according to:

1- Salinity classification (zones) according to Venice System (Symposium on the
classification of brackish waters, Venice, 1958; Haddout et., 2016).

2- The availability of data (hydraulic and salinity) in some stations. These stations were
used in models calibration/validation.

3- The accessibility.

Page 11, Line 21 Remove parentheses around "spring tide".
Our reply: Corrected, made in the revised MS.

Page 12, Line 11 Remove parentheses around "07th-...2015".
Our reply: Corrected, made in the revised MS.

Page 12, Line 29 As pointed out by the other referee, "dumping” should be "damping".
Our reply: Yes, corrected, made in the revised MS.

Page 13, Line 15 Please explain the meaning of "predictive uncertainty of these equations™
(refer to main comment #3).

Our reply: It is just a repetition error. Corrected in the MS.

Page 14, Line 13-15 The source of data for plotting Fig.13 is unclear - please provide a brief
explanation.

Our reply: The source of data for plotting Fig.13 is: Savenije (2005) Salinity and Tides
in Alluvial Estuaries, Chapter 5: Salt intrusion in alluvial estuaries, p.171-173. This
information have been added to the Fig.13 title.

We have added the following sentences in the revised MS: Figure 13 shows the salt
intrusion lengths computed against observed lengths (at HWS) with data specific to
Sebou estuary compared to different predictive formulae found in the literature. We
observe that Savenije solution for salt intrusion lengths fits very well the observed data
compared to all others solutions. The results of Savenije model are considered most
accurate.

Page 15, Line 1 "valided" should be "validated".
Our reply: Corrected, and made in the revised MS.

Page 15, Line 13-21 These two paragraphs should be merged and remove repetitive
statements. Instead of saying "of a selected system parameter”, directly stating "of the
dispersion coefficient” and removing the sentence in Line 15 will make the text more
streamlined and easier to follow.



Our reply: Thank you for pointing this out. We have rephrased this sentence in the
revised MS.

Page 17, Line 15 The statement is inaccurate. The impact of eclipse should be coming from
the lineup of earth, sun and moon, that Earth is exactly in the middle of the moon and the sun.
"supermoon” refers to a moon closest to the Earth, which is a separate event. Although in
2015 the concurrence of the two phenomenon is very rare.

Our reply: We agree with your comment, we have added the sentences: “The impact of
the combination of a Super-Moon and a total lunar eclipse on river hydrodynamics are
mainly caused by the moon is closest to Earth, which gives extra gravitational pulling,
and the alignment of Sun-Earth-Moon”.

Page 17, Line 16-18 Please give the specifics (describe in words, perhaps a few sentences
listing key points) of the "significant impact".

Our reply: The maximum salinity at high water along the Sebou estuary has been
described in section 4. Super-Moon and total lunar eclipse impact on the maximum
salinity at different locations compared to the normal situation is given in Table 10. The
results clearly show that the astronomical event impact on salinity intrusion is highly
significant. The salinity increments in the four stations relative to the normal situation
were respectively 4.1g/1 (6.54%), 9.4g/l (22.06%), 0.5¢/1 (26.32%) and 0.2g/l (14.29%).
This situation was unsuitable for drinking and agriculture propose.

Figure 6 It would be nice to have a scale for the inset figure on the right side.
Our reply: Yes, in revised MS we added a scale for the inset figure.
Figure 9 The symbols in the figures in the center row are very difficult to tell apart.

Our reply: The figure 9 is changed in the revised MS according to this comment.
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