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Abstract: This study numerically evaluated the long-term and stable trends of meandering channel
planform at different mean annual subcritical flows based on a depth-averaged linearized meander
evolution model. The calculation cases included an idealized sine-generated meander with moder-
ate max-deflection angle and a typical natural meander - Jiyun River (in China). Within the increase
of the selection of the mean annual width-depth ratio in a certain scope, the results showed some
specific phase characteristics of channel centerline evolution: (1) the meander straightening trend
became weaker in phase 1 (B/H <16.5) and gradually turned into the meander developing trend in
phase 2 (B/H < 27) with the overall immunity to flow magnitude; (2) the symmetric development
form along the transverse direction perpendicular to the flow average direction was broken starting
from the downstream tail in phase 3 (B/H < 28.9), meantime accompanied by the highlight of flow
effects when the mean annual B/H exceeded 28; (3) in phase 4 (B/H < 29.5), there occurred obvious
incipience and jump process of the channel sensitivity responding to flow when the selected B/H
crossed 29.3, which were very similar to the transition process from the laminar flow to turbulent
flow. Besides, the initial sinuosity and curvature-ratio indicator could contribute much to the chan-
nel evolutionary state, as demonstrated in the comparison between natural Jiyun River case and the
correspondingly idealized sine-generated meander case with the same level of mean annual B/H.
This research provides innovation spaces for deeper meander mechanism exploration and effective
riparian management.

Keywords: long-term trend; meander planform; subcritical flow; width-depth ratio; riparian man-
agement

1. Introduction

Rivers are an organism to a certain extent in which the combined action of biocoeno-
sis and physical environment promotes the systematic development. Therein, the hydrau-
lic geometry characteristics and water inflow play a major role in sustaining the ecology
health of river basin like the organs and blood and driving the diversified river landscape.
In nature, overall meandering rivers usually exhibit width fluctuations both in time and
space, varying with the river discharge; some composite indicators thus were combined
to assess the stability of river system within a reach or at station, such as the deterministic
hydraulic width-depth ratio and stream power, and their stochastic expressions (Song et
al.,, 2019). Zolezzi et al. (2012) could use a perturbation approach to explain the process
mechanism of the nonlinear interaction between curvature and width factor in initially
equivalent-width meanders, as an example, when focusing on meandering evolution
close to the transition with braiding; yet if we just seek to maintain the stable and predict-
able meandering evolution for guaranteeing the stimulation of biotic activity in river basin
(Zalewski, 2015), the long-term and large-scale planform evolution of meandering rivers
has been believed to be less affected by nonconstant width (Camporeale et al., 2007;
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Crosato, 2008; Posner and Duan, 2012), the channel centerline variation can represent ad-
equately the meander planform.

Since Ikeda et al. (1981) contributed to the instabilities of river meander in the views
of bend and alternate-bar instability, many linearized meander evolution models contin-
uously upgraded the deep understandings and revealed more detailed quantitative be-
haviors of meander migration at large spatial and temporal scales (Bolla Pittaluga et al.,
2009; Camporeale et al., 2007, Camporeale and Ridolfi, 2006; Hooke, 2003; Johannesson
and Parker, 1989a, 1989b; Seminara and Tubino, 1992), in which a straight channel was
usually selected as the initial geometrical morphology in the early days (Howard and
Knutson, 1984). As one of the most outstanding ones, the Johannesson and Parker model
(J&P model) includes the secondary flow effects relative to the Ikeda et al. (1981) model,
and has been conducted various promotion and application. For example, Posner and
Duan (2012) treated the bank erosion coefficient as a stochastic variable that varies physi-
cal properties of the bank and proved that such stochastic model in general could yield
more realistic predictions of meandering planform evolutions; Xu et al. (2011) coupled a
conceptual depositional model from Howard (1992), and developed a new bank erosion
model to take into the nonlinearity of near-bank velocity and the out-bank height account
for investigating the long-term meandering dynamics; Matsubara and Howard (2014) ap-
plied the model in simulating planform evolution of a mud-dominated meandering river,
Quinn River in USA, and demonstrated the bank asymmetry and the velocity perturba-
tion have high correlation at close to zero spatial lag.

Based on the J&P model, this study designs a series of simulation tests on stable me-
andering evolution, especially the principal features are as follows: (1) starting from an
initially sine-generated meandering channel in the ideal aspect, and a relatively narrow,
nearly constant-width meander, Jiyun River in China in the practical aspect respectively;
(2) distinguishing the long-term trends of channel centerlines under the different mean
annual value conditions of width-depth ratio and flow discharge.

2. Methodology
2.1. Governing Equations

The governing equations based on the orthogonal curvilinear coordinate system un-
der the mean annual geometrical conditions in a meandering channel reach, are given
below. Fig. 1 shows the coordinate system and underlying variables; here, the tilde de-
notes a dimensional variable (the same below).
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Figure 1. Definition of the orthogonal curvilinear coordinate system and physical variables.

Depth-averaged flow continuity and streamwise momentum equations:
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Herein,
Firstly for flow (Johannesson and Parker, 1989a, 1989b) in Egs. (1-3), # and v denote
the depth-averaged value of flow velocities (#%,V) in the § and 7 directions, respectively;

Uis the transverse secondary flow; T represent a dimensionless velocity shape function,
T(¢), averaging to unity; ¢ = 2/h , # is the upward normal distance from the bed, his
the upward normal flow depth; £ is the water surface elevation; Cis the curvature of the
channel centerline, C(§);v,is a constant eddy viscosity; 7, is the bed shear stress in the §

direction; g is the gravitational acceleration; p is water density. The velocity terms follow

that
i=u(5,7)T ()
{ﬁ =v(5,7)T($)+0(5,4,¢) (8)
j T(£)d¢ =1 )
[loas =0

Secondly for sediment in Eqs. (4-6), t is the time variable; 77 is the bed elevation; g,
and G, denote the sediment transport rate per unit width in the § and 7 directions, respec-
tively; p denotes the sediment porosity; 8 is a cross-sectional shape parameter; and M is
an exponent relating velocity to bedload transport rate.

Thirdly for bank in Eq. (7), @is the displacement distance of bank-line per unit of time
in the 71 direction; K, is the nominal erosion rate; K, is the local bank erodibility; ¢ is the
total sinuosity correction (average velocity is assumed to decrease as sinuosity increases
with constant valley gradient); i, denotes the excess velocity of near-bank velocity (i, )
relative to the reach-averaged streamwise velocity (U ); V, is the assumed value of bank

erosion rate dependence upon,, ; R, is the local bank erosional resistance, which may be
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temporally and spatially varying resulted from riparian vegetation and human activity
effects. The combination of the five parameters is named the combinative erosion modu-
lus. The near-bank velocity perturbation follows that (Howard, 1992)

i, =U° (1+w,) =U* (142w, +1;, ) ~ U? (1+2u,,) (10)

2.2. Nondimensionalization and Simplification

Major variables are nondimensionalized as follows:

(5.7) - (£.7.h)
= C=bC; h)=
(s,n) o 5 (&muh) I
(u,ﬁ,u):(u’v’u); t—fg
U
T U
T.v:_pl}z; Fz_gH (11)
qs’én
(qs,q,,)=( gDz
R s
5=%; e=0C,

where b is the reach-averaged channel half-width as shown in Fig. 1; H is the reach-aver-
aged depth; D, is the median bed-material sediment size; y, is the specific weight of sub-

aqueous sediment; C, is a bed friction factor for the zeroth-order primary flows, given
by (Engelund, 1974)

7, _glh

S ,0172 L_lz

(12)

where I is the average down-channel water surface slope.
The dimensionless velocity shape function, 7'(¢") takes the form (Engelund, 1974)

1
x+¢ - 5 g
T({)=——=— (13a)
4
;(——a r=7 ! a=0.077 (13b)
1= A= T, =Y

V< 3
The constant eddy viscosity (v,) is obtained by
v, = ail,h (14a)
T, _
il = ; =C,u’ (14b)
Assuming the channel centerline to be a sinuous shape, which follows
= 1 do 1 /(-
C=—=—"2_0(k§ 15

=z "z o E) (15

where 7, is the minimum value of the centerline curvature radius (7 ); € is the intersection
angle of down-channel direction and the X -axis as shown in Fig.1; ¢ is an order-one di-

mensionless curvature; kK is the characteristic meander wave number dependence upon

S .
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A ratio of half-width to minimum centerline curvature radius is defined as

Yo==— (16)
Then the dimensionless equation of C can be rewritten as

C=bC="¥,0(9) (17)
where ¢ = ks, denotes phase, it follows that

o 0
g—k% (18)

k and v are rescaled with ¢ respectively

g=Xv? (19)
& &
The main governing equations are reduced with the aid of Egs. (11-19)
¢ (uh) +3[(1 +nC)vh]=0 (20)
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g, u uT(0) & on
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where () =— ;0 = ZTIZ) ;0, = 7:8D. ; q,, denotes the reach-averaged value of g .

o¢ (1- p)UH
Considering small curvature as an expansion in ‘¥, the major variables can be ex-
panded as follows

u 1 [u,

vi=|0+¥,|v [+... (26)
lv] |0 | v

n 1 h,

=& —Ls|+¥,| & |+... (27a)
7] [n,—Ls 7l

L=£I (27b)

H

where & and 7, are the dimensionless reference elevations corresponding to H (=&, —7.) .

Substituting Eqgs. 26-27 into the Egs. 20-25, the zeroth order results in straight channel
are obtained
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e=F"L; q,=q, (28)
AtO(¥,), the flow and bed topography components linearly forced by curvature
yield
qu+ehi+ 220 (29)
on
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0
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In the equation formation process, the small 0(‘115) and 0(52) terms have been

dropped. The superelevation & and associated secondary flow v, are then solved by incor-

porating the linearized theoretical results of Johannesson and Parker (1989D).
Finally, the boundary conditions include

v, =q,=0, whenn =1 (33a)
1 1 2z 1 ,

[ (w+h)dn=0; [ wdn=0; [ Edndg=0 (33b)

u,=¢ =n=0,whenn=0 (33¢)

The fourth order Runge-Kutta method is used for solving the differential equations.

3. Case Calculation

The J&P flow model contribute directly the channel centerline changes in plane and
has been validated using field data (Matsubara and Howard, 2014). In particular, there
are mainly 5 key input parameters worth noting, including Froude number (F), channel
width-depth ratio (20), bed friction factor (Cy), and the empirical parameters M, f in the
model.

3.1. Sine-generated meandering channel

Natural rivers are mainly categorized into three patterns: stable single-thread chan-
nel, quasi-stable anabranching channel, and unstable braided channel based on river ac-
tivity and resistance characteristics (Eaton et al., 2010; Song and Bai, 2015; Xin et al., 2018).
When the width-depth ratio is at some super-critical value states (e.g., exceeding 50
(Bridge, 1993)), the meandering pattern is commonly prone to degenerate into multi-
thread pattern with the increase of internal instability (Eaton et al., 2010; Song et al., 2016)
and the response uncertainty of river system to flow will enlarge continuously (Song et
al.,, 2019; Song et al., 2020) during the evolution process. Therefore, to avoid the unstable
situations, under the premise of maintaining meandering pattern and guaranteeing model
validity, we evaluated the temporal trend of centerline of a sine-generated channel reach
(see Eq. 34 for the theorical representation) at the different subcritical mean annual value
states of width-depth ratio and Froude number using the model introduced above. Table
1 shows the details of the initial scenarios of channels.

s
= Qcos[2ﬂWJ (34)

s

where Q is the maximum deflection angle, ¥, is the streamwise wavelength in the sine-
generated meandering channel.
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Table 1. Details of the calculational sine-generated channel centerline evolution scenarios (B denotes

the width).
Ma>.<1mum de- Streamwise =~ Width-depth Froude num- Bed friction Combmatly ¢ erospn
Runs flection angle Q) . B modulus (width-equiva-
wavelength W ratio B/H ber F factor Cr
) lent /yr)
1 45 15B 2~30 0.05~0.75 0.01 5 15 0.05

3.1.1. Spatio-temporal evolution

Figure 2 shows a variety of nondimensionalized calculation results of the channel
centerline through 500 years of evolution. Some phase characteristics through comparison
are given below.

In phase 1 (Fig. 2a), relative to the initial geometric state, no matter what the mean
annual discharge, the long-term trend of wave centerline was to be weakening in average
amplitude along the flow average path and the degree of that weakening was negatively
correlated with the mean annual value of B/H. But the upstream reach would significantly
deviate towards left in flow average path when the channel was quite narrow deep (see
the case of B/H=2).

In phase 2 (Fig. 2b), the long-term trend of wave centerline turned to be intensifying
in average amplitude along the flow average path and the degree of that intensifying be-
came positively correlated with the mean annual value of B/H. The wave form always
kept the approximative symmetry in transverse direction perpendicular to the flow aver-
age path. Still, the mean annual discharge had little effects.
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Figure 2. The temporal trends of centerline of sine-generated channel Runs-1 under the different
subcritical value states of B/H and F.

In phase 3 (Fig. 2c), the long-term trend of the centerline was still intensifying in av-
erage amplitude along the flow average path, yet the wave form became asymmetrical
and meantime its sensitivity to flow discharge was gradually highlighted, starting from
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the most downstream reach when the mean annual B/H was larger than an approximately
critical value of 28.0.

In phase 4 (Fig. 2d) and phase 5 (Fig. 2e), similarly and continuously, the long-term
trend of the centerline was always the intensification of average amplitude along the flow
average path; the larger value state B/H was at, the more remarkably the downstream
reach swung right, and the local response sensitivity to flow grew spurt when there ap-
peared the concurrences of the mean annual indicators of B/H exceeding 29.3 and F ap-
proaching (in phase 4) or exceeding (in phase 5) 0.5; in particular, the development sensi-
tivity responding to flow was raised abruptly at the tiny value state of F (around 0.05)
when the selected constant B/H come close to such critical value of 29.3 in phase 4.
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Figure 2. (continued).
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3.1.2. Parametric variation

During each calculation case, we gathered temporal statistics of different group lev-
els of the ratio of curvature radius to channel width (#/B), and their relative frequency (f)
and average migration rate (K) in the channel. Herein, a composite curvature ratio indica-
tor-(r«/B) was calculated by averaging the weighted f of each group level based on multi-
peak Gauss fitting results between r/B and f, and another composite migration rate indi-
cator-(Kw) was obtained by averaging the weighted r/B of each group level based on multi-
peak Gauss fitting results between K and /B, respectively. See Fig. 3 for the latter multi-
peak-type variable relationship as an example, through which the composite indicator-
(Kw) can be represented as:

0.04 =

= Feature points
o3 d {—— Multi-peak curve
- Single-peak curve |
1 | Single-peak curve 2
0.024 | . | Single-peak curve 3
| Single-peak curve 4
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(a) standard Gauss curve (b) illustration of multi-peak Gauss fitting

Figure 3. The graphical representations of multi-peak Gauss fitting on the multimodal relationship
of K and r/B.

K = i=lin (35)

where 7 is the number of decomposed single-peak Gauss curves, oi and Hki represent the
half-breadth and height indicator of the i-th single-peak curve, respectively.

Figure 4 shows the long-term variations in characteristic parameters of the sine-gen-
erated channel Runs-1, including the well-known indicator of sinuosity, and the above
two customized composite indicators of curvature ratio (r«/B) and migration rate (Kw).
Along with the morphological evolutions of centerline as described in section 3.1.1, it fol-
lowed that:

In phase 1 (Fig. 4a), as the mean annual value of B/H became larger, the long-term
trends were to be decreasing in positive (time-dependent-) slope for sinuosity, to be in-
creasing in negative slope for indicator-(r«/B), and to be rising from negative form to pos-
itive form with fluctuation in slope for indicator-(Kv). The whole developing trend was
consistent with the so-called meandering straightness mode (Nagata et al., 2000) in this
phase.

In phase 2 (Fig. 4b), continued with the phase 1, the long-term parametric trends
turned to be decreasing in negative slope for sinuosity, to be increasing in positive slope
for indicator-(rw/B), and to be rising with fluctuation in the overall form of positive slope
for indicator-(Kwv). The whole trend followed the meander developing mode (Nagata et al.,
2000). Especially noteworthy is that these change trends slowed down when the mean
annual B/H exceeded 25.
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In phase 3 (Fig. 4c), all reversing again starting from the critical mean annual value
of B/H=28.0 for both two flow cases, the long-term trends were to be increasing in negative
slope for sinuosity, to be decreasing in positive slope for indicator-(r+/B), and to be de-
creasing in positive slope for indicator-(Kw) in general. The flow discharge condition ac-
companied to affect the indicator-(Kv) obviously. And there always existed a local mini-
mum for indicator-(r»/B) around the 200-year moment in theses meander developing
phases.
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Figure 4. Long-term variation in characteristic parameters of centrelines of sine-generated channel
Runs-1.

In phase 4 (Fig. 4d), there appeared an early stable period before the critical 100-year
moment in the temporal variation of sinuosity, the more frequent overall fluctuation and
the disappearance of the above local minimum (200-year) moment in the temporal varia-
tion of indicator-(r«/B), and the more significant sensitivity responding to flow in the
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temporal variation of indicator-(Kw). Also, when the mean annual values of B/H crossed
29.3 and F approached 0.5, the sensitivities of long-term trend of indicator-(r«/B) and in-
dicator-(Kw) to flow were highlighted by the sharp drop of green line of the former and
the sharp rise of blue line of the latter at F=0.50 in comparison with the above respectively.
Henceforward the channel system became more chaotic, the deterministic laws are diffi-
cult to be acquired straightforwardly.
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Figure 4. (continued).

3.2. Natural meandering river

The Jiyun River is one of main rivers in Haihe River Basin within the Beijing-Tianjin-
Xiongan region of China, a typical meandering river, as shown in Figure 5. It has a well-
preserved riparian ecological system that guaranteed a steady uniform vegetation cover
along the river. The upstream reach (Jiuwangzhuang — Jiangwakou reach) and middle
reach (Jiangwakou - Yanzhuang reach) are designed to be used as the local development
and utilization zone, the downstream reach (Yanzhuang — Fangchaozha station) is slated
to be the flood-discharging zone; the designed discharge of the former zone ranges from
400 to 550 m3/s, while the latter one can reach 1300 m3/s in maximum. Based on the overall
stability of riparian environment resistances and mean annual geometric characteristics
of the river in history, we designed a series of numerical evolution tests under the different
level of mean annual discharge conditions at subcritical flow, with consideration of no
intense human impacts but climatic change impacts on future runoff. Table 2 shows the
details of the initial scenarios of Jiyun River.
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Table 2. Details of the initial scenarios of Jiyun River evolution calculation.

' . Width B Depth H Wldth-‘ Froude Multlples O'f MaX- b e bon Combinative erosion
Run Sinuosity depth ratio imum designed modulus (width-
(m) (m) number F . factor Cr .
B/H discharge equivalent /yr)
2-a 22 200 8.9 22,5 0.04 0.5 0.012 0.015
2-b 22 200 8.9 225 0.08 1 0.012 0.015
2-c 22 200 8.9 225 0.24 3 0.012 0.015
2-d 2.2 200 8.9 22.5 0.48 6 0.012 0.015

e

\Bohai Bay

Google Earth

(a) large-scale satellite map

N

"\« Jiangwakou i

= .. Yanzhuang s

Fangchaozha

(b) mesoscale satellite map

Figure 5. Location of the study area in Jiyun River Basin (images from Google Earth).
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The initial geometrical state of Jiyun River was inferred to approximatively match
with the evolutionary state of the previous sine-generated meandering channel that pos-
sesses the similar mean annual value of B/H through the 800-years’ evolution, based on
the possible extension of green sinuosity-curve in Fig.4(b) and the interpolation of the sin-
uosity of 2.2 here. And due to its greater environmental resistances than Runs-1, we sim-
ulated a longer-term evolution process of Jiyun River for 1000 years and recorded the
chute cutoffs according to Howard (1992).

Figure 6 displays the spatio-temporal evolution processes of centerline of Jiyun River
under the different mean annual flow conditions, which included the mean case of the
group of upper-middle-lower designed discharges (Fr=0.04), the maximum designed dis-
charge case (Fr=0.08), the threefold maximum designed discharge case (Fr=0.24), and the
sixfold maximum designed discharge case (Fr=0.48) altogether. The results show that the
long-term trend of this river was extremely insensitive to the mean annual flow magni-
tude, which was consistent with the previously fundamental analysis of sine-generated
meandering channel in the classified phase 2. And, this river certainly would undergo the
meander cut-offs in the P1 & P3 circle zones after 500~750 years of evolution and the P2
circle zone after 750 years of evolution respectively, near the Jiangwakou station. During
such critically historical processes, see Fig. 7 for the time-varying performances of selected
characteristic parameters driven by F=0.08 as an example, it is worth noting that:

(1) In the first 500 years, sinuosity dropped to the trough during the periods between
50 and 100-year moment and then had fully-continuous development at a constant speed,
like the phase 4 of the previous sine-generated meander development, merely starting at
a relatively higher sinuosity value here; the indicator-(r«/B) had been rising continuously
until the critical 200-year moment and then decreased slowly, which differed much from
the curve forms of the previous sine-generated meander under the conditions of the sig-
nificantly larger initial curvature ratio here; the indicator-(Kv) coincided with sinuosity in
the general trend, yet its growth has been decelerating over time with fluctuations before
the peak of the 500-year moment.
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Figure 6. Spatio-temporal evolutions of centerline of Jiyun River under the different mean annual
flow conditions.
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Figure 7. Time-varying characteristic parameters of Jiyun River driven by F=0.08.

(2) During the transition of 500~750 years, in the meantime of channel cut-offs at the
two neighboring curves of P1 circle zone (near the Jinchangzhuang village and Guanfeng-
dui village in reality) and P3 circle zone (near the Ninghe town), both the sinuosity and
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indicator-(Kw) went through three sharp drops; the former shrunk only an average of 3%
each drop, yet such value of the latter was enlarged to 75%. Comparatively, the indicator-
(r«/B) changed little.

(3) After the 750 years, the chute cut-off at the P2 circle zone (near the Zhangtouwo
village) brought the sharp drops in sinuosity and indicator-(Kv) once again, especially,
sinuosity would always return to the same development speed after dropping like before
the 500-year moment, in combination with the changing curve before and after the above
three cut-offs (P1 & P3); and similarly, the indicator-(Kw) also would return to the wavelike
rising state when without cut-off impacts; still, the indicator-(rw/B) maintained the stable
changes.

4. Discussion

According to subject frontiers, at some great value states of mean annual width-depth
ratio (B/H), meanders may turn into the multi-thread river pattern within the smooth ex-
ternal edges of the river floodplain in the mode of “introverted development” under the
weakly resistant environments (Eaton et al., 2010) or evolve forward into the systematic
out-branching river pattern in the mode of “extroverted development” under the strongly
resistant environments (Song et al., 2022b; Song et al., 2022a), when the ratio of curvature
radius to width (r/B) approximates the critical value of 3.0. If actual conditions are right
to keep away from these two extremely branching trends, meanders can maintain stability
in the following two temporal changing patterns in the planform: “meander straighten-
ing” or “meander developing”, as Nagata et al. (2000) classified. For the mechanisms of
stable meandering evolution, there have been some studies exploring the characteristics
of the neutral curve, the critical Reynolds number, and the response range of laminar flow
to the disturbance of wave number in meandering channels based on Flow Stability The-
ories (Bai et al., 2012; Bai and Yang, 2011; Xu and Bai, 2015), while in which both the over-
simplified assumption on the tiny width-depth ratio conditions and the limited focus on
laminar flow instability have not been fully liberated until now. Continuing with their
research logic, based on the most classical assumption of B/H >>1 in the J&P flow model,
our numerical evaluation of the long-term trend in meandering channel centerline at dif-
ferent levels of mean annual width-depth ratio and flow discharge, opens up fresh-new
space for research on stable river development mechanisms by asymptotical methods.

In terms of fully meandering state, herein, under the different value states of the se-
lected mean annual B/H, the revelations of its various critical values in distinguishing
temporal trend features of channel centerline at different phases have important practical
significance. Based on phase 1, the meander straightening mode will be able to get more
reasonable discussions in a rich range of B/H<16.5 with the traits of insensitivity respond-
ing to subcritical flow discharge, and especially this phenomenon is closely related to the
loss of hydraulic complexity, which usually provides important riverine habitat for biodi-
versity protection in nature (Liao et al., 2003; Zhou and Endreny, 2020). In phases 2 and 3,
the developing meander will successively encounter with the slowing down of increase
of temporal rate of change in sinuosity when the selected constant B/H reached 25 from
small to large, and the emergence of asymmetric disturbances starting from the down-
stream reach when the selected B/H reached 28; these can be verified by some parts of
experiments without cut-offs (see Fig. 8 for the channel pattern evolution starting at
B/H=20 by Van Dijk et al. (2012) as an example) and also can help to uncover key incom-
plete information that are difficult to be measured in reality. In phase 4, during the cross-
ing process of the selected B/H at around 29.3, just like the transition from the laminar
flow to the turbulent flow state, there continuously occurred the incipience (see the case
of B/H=29.2 when F=0.05 in Fig. 2d) and jumps (see the cases of B/H=29.3 and 29.4 when
F=0.51in Figs. 2d and 4d) of the channel sensitivity to flow magnitude. After phase 4, there
were more and more significant increase of chaos in the system, the model validity de-
clined as well because meandering channel pattern may begin to evolve towards ana-
branching pattern in fact. It is presumed that flow stability theory will have great potential
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application for deeply exploring the intrinsic mechanisms of meander instability process
within these scope of constant indicator B/H in the future (not surpassing phase 4).

Moreover, the complex effects of initial sinuosity and average curvature radius were
highlighted in the Jiyun River case. The disturbance characteristics of mean annual flow
discharge to channel system were still subject to the mean annual B/H, but the higher level
of sinuosity and indicator-(r./B) here contributed to the transcendence of the parametric
behaviours compared with the previous sine-generated meander in the classified phase 4,
as reflected in the same turning moment for sinuosity (around the 100-year moment) and
the delayed extremum moment for indicator-(r«/B) (around the 200-year moment) respec-
tively (see the comparison between the left and middle subfigures in both Fig. 4d and Fig.
7), despite the different bed friction factor and combinative erosion modulus in the two
calculations. Every different sinuosity has its own convective flow pattern, and the bed
geometry in an evolutionary state is strongly related to the convective behavior of the
initially depth-averaged flow, according to da Silva Ana Maria et al. (2006); based on the
max-deflection angle (Q), the sine-generated meander of this study just belongs to the
intermediate state between the ingoing (Q2=30°) and outgoing ({2=70°) meanders as da
Silva Ana Maria et al. (2006)’s categorization indicated, which reminds us of the need to
improve the basic research part by taking more various initially idealized meanders into
account in the following research.

5. Conclusion

In this study, numerical evaluation of long-term trend of channel centerline on a sine-
generated meander (an intermediate meandering state between ingoing and outgoing
channel patterns) and a typical natural meandering Jiyun River (in China) help to identify
some special stage characteristics of meandering channel planform during the overall sta-
ble evolution at mean annual value states of width-depth ratio (B/H) and flow discharge.
The main findings include:

(1) weakening trend of average amplitude in phase 1 (B/H<16.5), or say, meander
straightening trend, and its negative relationship with the selected constant B/H;

(2) strengthening trend of average amplitude after phase 1, or say, meander develop-
ing trend, and its positive relationship with the selected constant B/H;

(3) broken of symmetric development mode (along the transverse direction) with the
inception of channel sensitivity to flow magnitude in phase 3 (B/H<28.9);

(4) observable continuous process from highlighting to jumping for the channel sen-
sitivity to flow magnitude, when the mean annual B/H approached a critical value of 29.3
from small to large in phase 4 (B/H<29.5).

The maintenance of stable meandering evolution requires strict conditions which
must be guaranteed to be far away from the too big or too small value states of mean
annual B/H, therefore the full mechanism explanation on stable river developments by
asymptotical methods will benefit enormously from the qualified parameter spaces pro-
vided herein, and in the longer term, will improve the riparian management effectively.
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