Dear Prof. Giinther Bloschl,

Thank you very much for your positive comments apdreciation of our paper. We are
very grateful for the useful comments and recomragads from both reviewers on this
paper. They have provided many constructive comsnenimprove the quality of our
manuscript. Below are our point-by-point resportsesach of the comments.

1% Reviewer’'s Comments

General comments:

The idea of estimating the freshwater flow throughan estuarine cross-section using
tidal theory and tidal analysis is not new [cf. Jayand Kulkulka, 2003], but it has
only recently been presented with a careful verifiation and analysis of uncertainty
[Moftakhari et al., 2013]. The latter authors alsointroduced the term “tidal
discharge estimation” or TDE. As with any innovation, multiple approaches are
useful, so the present contribution is a welcome ddion to the field of applied tidal
dynamics.

Our reply: We agree that the topic of predictirgsfr water discharge through observed
tidal water levels has been explored by many rebees (e.g., Jay and Kulkulka, 2003;
Jay et al., 2006; Moftakhari et al., 2013). The airnthe present contribution is to
propose an analytical relationship that can be ts@dedict fresh water discharge based
on observed tidal water levels along the estuaiy. &uch a relationship is derived based
on the envelope theory developed by Savenije (20052) and Cai et al. (2014). It can
be regarded as a modified Manning equation thdudles the effects of residual water
level slope (i.e.dh/dx, whereh is the tidally averaged depth) and tidal dampirey,(

drn /dx, wherey is the tidal amplitude). A detailed derivatiomi®vided as an appendix

in the revised manuscript (See Appendix A below)liké the previous studies that make
use of statistical and harmonic analyses relatiegitlal water levels to the fresh water
discharge, the proposed analytical relationsh@dksed form equation, which can be
easily implemented for given observed tidal wateels. But as the reviewer indicates,
the methods are complementary and help to apptbadlssue from different angles.

Specific comments:

a: History of TDE

The history of the idea of using tidal theory and lie fluvial modification of tidal
properties to estimate river discharge needs somgm@anation, which is not provided
here. This is most simply explained using the nomerlature “forward model”
(determining tidal properties from river flow) and “inverse model”(determining
river flow from tidal properties). Conceptually, the key idea is that river tides are
very nonstationary, and that this non-stationarity, while complicating the prediction
of tides, has many dynamical uses [Jay and Kulkulka2003], of which TDE is only
one. There is an extensive literature on river tide dating to at least WWII, and |
will not attempt to review it here. Jay and Flinchen [1997] added continuous
wavelet transform (CWT) methods to the tidal analyss tool kit and provided a
simple forward model that related the tidal admittance (the complex ratio of tidal



amplitude and phase at any point in the river to tle tidal amplitude and phase at the
ocean entrance) to river flow. Kukulka and Jay [20Ba,b] provided a better forward
model. Jay and Kukulka [2003] then used an inverseodel to hindcast river flow

for the December 1964 Columbia River, USA flood. Bmuse this flood resulted
primarily from tributary inflow below the most seaw ard river gauge, our estimate
of its flow history is the only instrumental “measuement” available, though the
usual flow routing approaches have also been uséde also verified that the method
worked in the Fraser River, British Columbia, Canada, though this work has not
been published. Jay et al. [2006] then provided ardcast of the history of inflow to
San Francisco Bay, using the long (1858 to date)s&rancisco tidal record. This is
a useful step, because the inflow to San FrancisBay through its complex delta was
not gauged by the US Geological Survey until 193This 2006 AGU presentation
also provided the first instrumental estimate of tle magnitude of the great flood of
January 1862, the largest in the last two centurieim San Francisco Bay. The inverse
models used in these two studies added an innovatjan that they were based on a
single tide gauge. When only one gauge is availapteen the admittance is formed
in one of two ways: (a) if the variations of a majoconstituent like M, are used, then
an admittance is formed using the astronomical tidapotential; or (b) if an overtide
like M 4 is used, then the ratio M/M? is employed as an ersatz admittance. This
complex admittance can be separated into an amplitle ratio and phase difference.
Tidal theory suggest that the M/M " ratio should be useful for low flows, while the
M, admittance is best for high flows. Practice confins this, at least for the
Columbia River and San Francisco Bay. To minimizehe impact of time errors
inherent in historical tidal records we have used mplitude ratios, though Kulkulka
and Jay [2003a] verified that the phase differenceould also be represented by a
forward model. More recently, Moftakhari et al. [2013] returned to the San
Francisco Bay case to provide a revised estimatefamal error analysis, and a
discussion of long-term hydrologic change in the syem. Also, if CWT methods are
used to provide an estimate with a time-scale offaw days, the ratios actually
involve the D, and D, tidal species, not the M and M, constituents. If the M, and My
constituents are resolved via a properly windowed onthly harmonic analysis (as in
Moftakhari et al. [2013]), then the time scale oflbw estimates is ~18 days.

Our reply:Indeed, we shall provide a more detailed descriptiothe history of “tidal
discharge estimation” (TDE) in the new versionha manuscript. In particular, we have
added a paragraph in the introduction to illusttagehistory of TDE.

The new paragraph is as follows:

It is noted that several forward models (deterntidagl properties from fresh water
discharge) have been presented to investigatetbction between fresh water
discharge and tide in estuaries (e.g., Dronker841Beblond , 1978; Godin, 1985, 1999;
Jay, 1991, 2001; Jay and Flinchem, 1997; KukulldJay, 2003a, 2003b; Horrevoets et
al., 2004; Buschman et al., 2009; Cai et al., 202Ph4). Based on the tidal theory
developed by Jay (1991, 2001), Jay and Flincher@71l&nd Kukulka and Jay (2003a,
2003b), Jay and Kukulka (2003) used an inverse h{dé&rmining fresh water
discharge from tidal properties) to hindcast riftews for a very high-flow year (1948)



and for a low-flow year (1992) in Columbia Rivehé&'model was further successfully
applied to estimate the history of inflow to Saarkisco Bay using the available tidal
records (Jay et al., 2006). Recently, Moftakhaglef2013), building on the earlier work
by Jay and Kukulka (2003), revisted the methodrefiicting fresh water discharge by
including a quantification of uncertainties. Howgw&ich an approach is based on
statistical and harmonic analyses without usingraadytical relationship between the
fresh water discharge and other controlling paramgsuch as water level and tidal
damping). In this paper, we aim to establish aryginal equation relating tidal wave
propagation to the fresh water discharge from epstr. Besides the general interest of
establishing an analytical relation between waverdg, phase lag, velocity amplitude,
tidal damping, residual slope and river dischatlgis, relationship can be of practical use
to estimate, in an inverse way, river dischargéhenbasis of observed tidal water levels
along the estuary axis. Of course our method asath disadvantages. It requires an
exponential shape (as is the case in alluvial @ésgjait requires that the Ms dominant
over other tidal constituents, and there should beeasurable influence of the river
discharge (river discharge and tidal dischargedweiithin the same order of magnitude).
It should also be realised that in convergent essaf infinite length there is no
reflected wave (see also Jay, 1991), but thatassentially a single wave moving in
upstream direction with a phase shift that depemdsonvergence and damping
(according to the phase lag equation in Table 2).

b. Theoretical foundation

The theoretical foundation of the TDE is also notxplained here. It uses the tidal
propagation theory for convergent channels of Jaytal. [1991]. The key
assumptions are that: (a) there is no reflected way (b) the wave is critically
convergent so that the real and imaginary part oflie complex wave number are
equal (i.e., the scale length for damping is the s# as the inverse wave number); (c)
the tidal velocity amplitude and river flow velocity are of the same order; and (d)
the channel geometry does not change drastically thiriver flow. In practice, the
last two assumptions are the most restrictive, thagh both can be stretched. With
these assumptions it is simple to express the tidatimittance in terms of the wave
number, which can then be represented using the Dniers [1964] cubic
Tschebychev polynomial. The latter allows the admiance to be expressed in terms
of the river flow and tidal amplitude at the oceanentrance. The tidal range terms
recognizes that the relationship between river flovand damping of the tides varies
over the neapspring cycle. This is important for hindcasting flavs on the scale of
days, but not for hindcasts based on windowed monigrharmonic analyses. The
relationship between admittance, river and tidal range is nonlinear and cannot be
exactly inverted, but approximate inversion is simfe, especially when windowed
monthly harmonic analyses-- this scale of time averaging allows the tidal rarg
term to be dropped. In practice, the coefficientsr the equation for TDE are fit by
regression using a calibration data set. On the wi®, the analysis is just as rigorous
as that proposed here. In both cases, the nonlineledstress term is approximated,
and one or more constants must be determined fromada.



Our reply:We agree that the theoretical foundation of thgppsed approach should be
explained in more detail. We use the envelope thdeveloped by Savenije (2005, 2012)
for tidal wave propagation. The analytical moddiigher expanded by Cai et al. (2014)
to account for the influence of river dischargee asic assumptions made in the
analytical model are that: (a) the longitudinalss<sectional area can be described by an
exponential function; (b) there is no reflected @ale) the ratio of tidal amplitude to
depth ratio is less than unity. For predicting lfr@sater discharge, it is also required that
the river discharge is at least in the same orfieragnitude as the maximum tidal flow.

In fact, we can see from the derivation below thatproposed analytical relationship
relating the tidal wave propagation to the freshewdischarge ia modified Manning
equation that accounts for the effects of residual wateellslope and tidal damping (see
detailed derivation in Appendix A below). We havarified these theoretical foundation
in the new version of the manuscript (see parag8aplthe introduction part).

c. Practical application

The approach presented here finds a closed form egtion, which is an advantage
for application. On the other hand, it is not obvias that the envelope tidal theory
used here would work in tidal rivers where mixed tides are prominent. All three
Eastern Pacific systems (the Fraser and Columbia Rers and San Francisco Bay)
we have examined have mixed tides. it is also unatewhether the present method
could be used to estimate river flow variations om scale of days, as is possible
through use of the TDE method with CWT determination of tidal properties. In
conclusion, any new methodology benefits from divee approaches, and this is a
useful contribution.

Our reply:It should be noted that the tidal theory used is paper only focuses on a
single dominated constituent (e.g.;)Mt is not applicable to tidal rivers where mixed
tides are prominent. We have explicitly mentiongd timitation in the text (see
paragraph 3 in the introduction part). On the otleerd, the proposed analytical approach
can be used to predict daily fresh water disch&oggiven observed tidal damping and
residual water level on a scale of day. We arerpfanto collect more detailed tidal
records and fresh water discharge (daily scaleyder to test the performance of the
proposed method.

2" Reviewer's Comments

General comments:

1. The objective is to predict river discharge from olserved tidal water levels. The
method of the authors is limited to upstream sectiws where river discharge is
dominated over tidal discharge. The example of Datw represents a station at 600
km from the mouth where the tidal range is 0.1-0.2n (Fig. 5). The measured values
may be easily disturbed by ship motions and otherariations. The authors should
explain why this topic is so important. River disclarges are very well known from
upstream data. Discharge-stage relationships basexh data are available for most
rivers. These are easy to use. The method of thethars is fairly complicated and it



will be difficult to determine for which river section it will be sufficiently accurate.
Figure 11 shows that the model is not so accurata &ow river discharges. The
authors should comment on these outlyers.

Our reply: We appreciate the comments given byekgwer. It is true that the proposed
approach is only applicable to upstream sectioresrgvhiver discharge is dominated over
tidal discharge. For the Yangtze estuary, the medagbplicable to the river section
upstream from around 350 km in the dry season astteam from 150 km in the flood
season. This limitation is due to the fact thatfteeh water discharge is usually small
compared to the amplitude of the tidal dischargigénseaward sections of an estuary,
where the cross-sectional area is generally ofersagnitude larger than the cross-
section of the river. Thus the influence of rivesatharge on tidal dynamics in these
downstream parts is usually negligible, which ssgg¢hat there is no significant
correlation between observed tidal water levelsfeegh water discharge. We note that
this is also the case for other methods to prédish water discharge in estuaries, such
as by Jay and Kukulka (2003) and Moftakhari e{2013).

We agree that the relatively small values of thaltrange used in the analytical model
could affect the performance of the proposed metfodeduce the statistical
uncertainties, we used the monthly averaged tataje in Maanshax£430 km) and
Wuhu =482 km) stations and estimated the fresh watehdige at the location in
between (i.e x=456 km).

In the new version of the manuscript, we have addedragraph in the introduction to
clarify the importance of our work:

“Due to the general dominance of tidal flows in tital region of an estuary, it is often
difficult to determine the magnitude of the fresater discharge accurately. Thus,
discharge gauging stations are usually situatéatations outside the tidal region, even
though there may be additional tributaries or digeareas within the tidal region.
Knowing the fresh water discharge within the tidadion, however, may be important

for water resource assessment or flood hazard ptiene(e.g., Madsen and Skltner, 2005;
Erdal and Karakurt, 2013; Liu et al., 2014 ), artlee analyses of sediment supply (e.g.,
Syvitski et al., 2003; Prandle, 2004; Wang et2008), or for irrigation or estimating the
effect of water withdrawals on salt intrusion (eMacCready, 2007; Gong and Shen,
2011; Zhang et al., 2012), and for assessing tipacdts of future climate change (e.g.,
Kukulka and Jay, 2003a, 2003b; Moftakhari et @13. Although it is possible to
estimate river flow by upscaling the gauged pad oatchment, such an estimate may be
inaccurate, especially in poorly gauged catchmeniis high-precipitation coastal areas
(Jay and Kukulka, 2003)”.

Meanwhile, we have provided more explanations efffoposed analytical approach. In
fact, we can see that the introduced damping enuétie., Eq. T4 in Table 2) &
modified ‘Discharge-stage relationship’that accounts for the effects of residual water
level slope (i.e.dh/dx, whereh is the tidally averaged depth) and tidal dampirey,(

dn /dx, wherey is the tidal amplitude), while the resulted préigie Eq. (25) isa

modified Manning equationthat is applicable to estuaries. A detailed deiivacan be



found in Appendix A below. It is worth mentioninigat such a modified Manning's
equation does provide more insights into our urtdadsng of the interaction between
fresh water discharge and tide in estuaries.

In Figure 11 of the previous manuscript, the déstatrom observations is mainly due to

1dp

the statistical uncertainties in estimating tidahgbing 5:;:—’7 which is rather

X W
sensitive to changes in observed tidal amplitubtethe revised paper, we propose to use
a moving average filter to reduce the statisticedantainties in the observed tidal
dampingo (see Figure R1a below). It can be seen from Figte that the
correspondence with observations is significantigrioved by using a moving average of
5 months.
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Figure R1. (a) Comparison between observed tidalpiagé and its corresponding
moving average value with a window of 5 months;Gomparison between analytically
predicted fresh water discharge and observatidri3gtong tidal station) in the Yangtze
estuary in different months of 2005-2009.ifkthe coefficient of determination.

We also note that the cross-sectional area conneeges no longer a constant at the
studied position¥=456 km) due to the significant variation of theidaal water level
slopedh/dx, which is implicitly included in the parametertbe parameter o since
1.1,1__1d8_1dh

a b d Bdx hdx
see a larger value afduring wet season while a smaller value duringsdigson.

. The seasonal variation of thes given in Figure R2, where we
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Figure R2. Seasonal variation of the cross-sedtianmea convergencedue to the
changes in residual water level slogte/ dx atx=456 km in the Yangtze estuary.

2. The model equations can only be understood byfeaw specialists but not by a
common reader. It is to the editor to decide whethehe paper is intended for the
audience of HESS. It is suggested to transfer altjgations to an appendix. The text
and figures should be given in physical descriptiaand explanations. The model
should be made available as e.g. a spreadsheet theywise (freeware) so that an
interested reader can use and check the model. k¢ authors are unable to do so the
| would advise to reject the paper (however to beeatided by the editor).

Our reply:We apologize for the confusion of the many equatidinindeed takes time
and effort to understand the whole story. Gener#iig study is a subsequent
contribution which builds on the previous work gabéd in HESS entitled as: “Linking
the river to the estuary: influence of river disayeon tidal damping” (Cai et al., 2014).
Readers can obtain more details about the andlytiodel by reading this publication.
We agree that the model should be made availableéalers so that they could attempt
to use the model. Two examples of Matlab scriptehzeen provided in the new version
of the manuscript, including both the forward mofterming tidal properties from
fresh water discharge) and the inverse model (oheténg fresh water discharge from
tidal properties).

3. The authors should compare their model resultsotone-dimensional numerical



model results to show that their model is sufficietty accurate. 1D numerical models
are widely available and easy to operate. A simplestuary can be modeled in a

few days with such a model. The authors should mad#ear what are the advantages
of their model compared to a 1D numerical model.

Our reply:We very much appreciate this comment, which was r@sed in our previous
publication in HESS, i.e., Cai et al., 2014. Fatadled comparison between analytical
results and 1D numerical model, readers can ref€ai et al. (2014). Generally, the
most important advantage of analytical tools is thay can offer a more efficient way of
assessing the impact of future changes (e.qg., fvasér withdrawal). Moreover, they
provide direct insights into cause-effect relatiomkich generally are non-linear.

Specific comments:

1. Page 7064, line 6: please indicate what the pledag is for a progressive wave. Do
the authors refer to a frictionless progressive wag/in a prismatic channel? The authors
should further clarify whether the wave from their model is really progressive or not. In
other words: is there only one wave travelling upseam or is there a second wave
propagating in downstream direction due to continuas reflection by the convergence
of the estuary. A discussion on this aspect wouldelbvery helpful in understanding tidal
propagation in converging estuaries.

Our reply: Thank you very much for your suggestiold¢e have added a new paragraph
to discuss the tidal character in convergent estsiar

It is worth examining the tidal wave propagatiorcanvergent estuaries with significant
river discharge. We focus on analytical solutiamsiffinite length estuaries (long coastal
plain estuaries), where there is no reflected wage also Jay, 1991). In this case, the
value of the phase lags always between 0 amd? (i.e., mixed wave, see Savenije, 2005,
2012). Ife=n/2, the tidal wave is a progressive wave, whichiegponds to a frictionless
wave in a prismatic channel.&f0, the tidal wave is an “apparently standing” evéhe
wave is not formally a standing wave generatechbysuperimposition of incident and
reflected waves; rather it is an incident wave thahics a standing wave with a phase
difference of 90° between water level and veloaitgl a wave celerity tending to infinity).

2. Page 7064, line 16: It is no clear why the infance of river discharge is that of
increasing friction (by comparing Eq. (19) with Eq.(14). This could be shown in
more detail in the appendix.

Our reply: We shall clarify the difference betwdsn (19) and Eq. (14) by introducing
an artificial friction number ag=xy, wherex is a correction coefficient of the friction
term due to river discharge. In particular, thédwing derivation will be included as an
appendix in the revised paper.

In case of negligible river discharge, the dampgggation is given by (see Cai et al.,
2012a):

2
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To illustrate the influence of river discharge e friction term, we introduce an
artificial friction numbety, due to river discharge. When accounting for ttieatfof river
discharge, the damping Eq. (0.1) is modified as (3ai et al., 2014):
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wheref andé are defined in Eq. (5) and the coefficientandx, are given by
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As can be seen from Egs. (0.1) and (0.2), theentte of fresh water discharge is
basically that of increasing friction by a factonish is a function ofp . Expressing the
artificial friction number ag,=«y provides an estimation of the correction of thetitvn
term
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which is needed to compensate for the Iack of clamsig fresh water discharge. It
should be noted that bofhandéd are equal to unity =0. Forp>0, the correction factors
6 andp have values smaller than unity, but are closentty as long ag<<1. Thus the
influence of river discharge introduced by thesmpeeters are less prominent compared
with that of the friction term.

3. Page 7067, line 25: During calibration of the nutel the river discharge should be
known. This is in contradiction to the conclusion hat river discharges could be
deduced from tidal water level observations only.

Our reply: Actually, there are two methods to deiee the parameters andK. If there
are some measurements of fresh water dischargetltbgarameters, andK can be
determined by calibrating the analytical model. (k. (25)) against observations.
Otherwise, these two parameters can be obtainedltyrating the analytical model for
tidal wave propagation without considering the eiffaf river discharge (e.g., Cai et al.,
2012) against the observed tidal amplitude in davard part of the estuary, where the
influence of river discharge on tidal damping igligible. With these two calibrated
parameters, the analytical model can be used tchst fresh water discharge based on
the tidal water level observations. We have addeevaparagraph to clarify this point in
the revised paper.

4. Page 7068, Eq. (25): From Eq. (21) it follows #t «; is always negative for
relatively small values of¢. If @, >0 (which is not trivial) then the solution givenby



Eq. (25) is indeed positive (thus assuminggk1). Can the authors proof that the 2nd
(positive) root never results in a real solution fo?

Our reply: Indeedq; is always negative (indicating the denominator @f 5) is always
negative). It should be noted that the criticalrealor( (tidal amplitude to depth ratio) is
0.75 due to the Taylor approximation of the expdoménhe hydraulic radius in the
friction term (see Eq. (4)). In fact, we can semfrEq. (22) tha&, is also always
negative since all the parameters are positivexcr given{<0.75. Consequently,

-a, +\a’ -4aa, is always positive. Thus the only positive solot@an only be given by

Eq. (25) with numerator ofa, -/a? - 4a,a,. We have explicitly mentioned this in the
revised paper.

Text comments:
We agree with the suggested corrections, which baea made in the revised paper. We
thank the reviewer for the detailed reading.

Figure 5: how can the water depth decrease in upstam direction if there is a net
river discharge? Table 3 suggests that a constantater depth for the 2 sections is
being used (10.4 and 9.2 m). Or can the model haedh non-zero bed slope? Some
explanation on this is required in the text.

Our reply: Thank you for pointing out this poimt. Figure 5 of the previous manuscript,
it presents the averaged water depth rather tteaawbraged water level. It can be seen
from the Figure R3 below that the averaged watezl levould not decrease in upstream
direction. In the new manuscript we used Figuradr@void misunderstanding.

The averaged depths presented in Table 3 are salyto show the characterized depths
over the corresponding reach. In the revised papehave clarified that the model uses
a variable depth in order to account for along-cieghnariations of the estuarine sections.
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Figure R3. Comparison between analytically computedthly-averaged values (left-
hand vertical scale: tidal amplitude; right-handtieal scale: residual water level)
and observations in the Yangtze estuary in 2005.

We hope that these answers are satisfactory, aesed manuscript will be
acceptable for publication tHydrology and Earth System Sciences. Thank you very
much for your kind consideration.

With best regards,
Huayang Cai
Huub Savenije
Chenjuan Jiang

Appendix A: Revisiting the Manning equation
The momentum equation when written in a Lagrangefarence frame reads (Savenije,
2005, 2012):
dv = oh az hop. LVIV|_
dt  “ox © ox . 20 0x Ton R =0 (R1)
whereh is the water deptlz, is bottom elevatiory is the water densityy is Manning’'s
coefficient, andR is the hydraulic radius.
For uniform steady flow in a prismatic channel, Bl) can be simplified as the well-

known Manning equation by neglecting the first, seeond and the fourth terms:




\V/ :%R2/3sl/2 (RZ)

where S=-9z, / oxis the slope of the channel.

Hence the expression for river discharge is giwven b

Q, = AV :%ARMSM (R3)
whereA is the cross-sectional area.
For steady flow when depth may vary along a shextisn of the channel (e.g., during a
flood), the residual water level slopén(ox ) should be taken into account and Eq. (R1)
reduces to:

oh 0 V|V

&_’_a_z;_'_nz R|4/3|:0 (R4)
Consequently, the Manning’s equation (R2) is medifas:

1 Oh 1/2
V=_R"®l S-—
n ( axj (RS)
while the river discharge becomes:
ah 1 1/2
= 1-—=
Q=q[1-3'%] (R6)
In the Lagrangean reference frame, the contingjtyagon can be written as (see
Savenije, 2005, 2012):
d_V—r cvdh_ V(_l__lﬁ] (R7)
dt h dx b 7 dx

wherersis the storage width ratit,is the convergence of widthjs the wave celerity.
In a tidal region, it is noted that both depth digtharge change along the channel axis
(i.e., varied unsteady flow). Thus, Eqg. (R1) whembined with (R7) becomes (see
Savenije, 2005, 2012):
cvdh_ (1 _1d7), 0z, hop, VWV
'sTh dx V(b qu] Iox gax+92,00x+9n RO (R8)
An analytical expression for the tidal damplng barobtained by subtracting high water
(HW) and low water (LW) envelopes while accountiagthe effect of river discharge
(Cai et al., 2014):
in the downstream tide-dominated zone, Wh.ereusin(e)
ldnf,_ ¢ 97 [4 3 ¢ i L
qu(e rSsin(e)Z+cusm(£)] a fF\c[B n(e)+ ¢Z ¥
in the upstream river discharge-dominated zoneyevbez usin(e),
1dpf,_ ¢ 9 |20 ¢ Y[8 in(e)+2p+8 8 b L ¢
n dx(e " sin(s)ZJrcusin(g)] Pl ﬁc[ 9{3|n(5)+ 7 9sirﬁ£)ZJr 6 9 s(‘e)] 10)
When river discharge dominates over tige={), it is noted that the coefficients and
L1 can be calculated according to Eq. (12). SubstguEq. (12) into Eq. (R10) then
yields a quadratic equation for the dimensionless discharge:
o9’ +o,9+0,=0 (R11)

] (R9)

with



g, =-2_T0& (R12)

§Fx:sin(£)
_1dp ad fva (1dp _)y1*¢-1 (R13)
? npdxsinle) e g7 dx sir(¢)
- 018 gin(e)+ 2¢ |1 97
o, = = {9(8|n(5)+gsin(£)} p dxa{kcu sir(s)} (R14)

where the unknown variablesc, » can be calculated with the explicit equations,(ilee
phase lag equation, the celerity equation anddhakng equation in Table 2) for given
water level observations.

Eq. (R11) gives two solutions:

-0, + Jg -40,0, —0,~ 022_ 400,
g =t U, g =N (R15)

1
in which the first root is always negative sincelbe,and o,are always negative. Hence
the positive solution fop can only be given by the second root, which carebeitten as:

— — 2 —
U =u o, -0, -40,0, (R16)
20,
We can see that Eq. (R16) is actually a modifieshiviag equation, accounting for
friction and the effects of residual water level@ (i.e.,dh/dx implicitly included in
1 1 1 1dB 1dh

the parameter of the cross-sectional area conveegesince-=-+-=-=—-=—
a b d Bdx hdx

and tidal damping (i.edn /dx).
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