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Evaluating ecological flow and fish habitat
quality considering the evolution of pool-
riffle-run sequences with combined
approaches of wavelet analysis, flow
exceedance probability, and river corridor
indices (II)

Abstract

This project extends the research findings from the previous year's
study (Project No.: ARDSWC-113-065) by innovatively integrating a river
morpho-dynamic model (Nays2DH) with the previously developed eco-
hydrological, hydrodynamic, and landscape index models. This integration
enables a systematic investigation of the impact of meandering river
morphological evolution on pool-riffle habitat structure, addressing a
critical knowledge gap in river restoration science.

Scientific Innovation and Key Breakthroughs

Unlike traditional dam removal studies that primarily focus on
longitudinal bed incision and lateral channel width changes, this project is
the first to systematically investigate the short-term planform evolution of
meandering channels with moderate to high gradients following weir
removal and changes in sediment supply. Two core hypotheses are
proposed and tested: (1) Bar Push Hypothesis: Weir removal increases
longitudinal slope and shear stress, enhancing downstream sediment
transport, accelerating point bar deposition on the inner bank, deflecting
the main flow toward the outer bank, intensifying outer bank erosion, and

creating a positive feedback mechanism for meander development; (2)



Bank Pull Hypothesis: Under erodible bank conditions, intensified outer
bank erosion increases channel curvature and lateral sediment supply,
further enhancing inner bank deposition and amplifying the bar push effect,
forming a dual positive feedback mechanism for meander enhancement.

The study area encompasses the middle and lower reaches of the
Northern Sulfur Creek mainstream, specifically from cross-section 8 to
cross-section 14 (cumulative distance 3,179~5,783 m). This reach exhibits
pronounced meandering characteristics and significant historical
morphological changes, making it highly representative for this
investigation.

Major Research Achievements

1. Scour and Deposition Trend Validation: Observed mean bed elevation
data from 2019 to 2014 were utilized to validate scour and deposition
changes under Q5 flow conditions for the current state scenario. The
simulation achieved a 65% agreement rate with observed trends, with
RMSE of 1.01 m and MAE of 0.69 m, confirming model reliability.

2. Current Morphological Analysis: Comprehensive simulation of the
current state scenario (weir intact) was completed, with systematic
analyses of hydrodynamics, scour and deposition patterns, and
representative cross-sections. The results successfully captured the
riverine morphological characteristics of the study area, including
typical meandering features such as outer bank erosion and inner bank
deposition.

3. Weir Removal Morphological Analysis: Simulations of weir removal
scenarios (partial removal and complete removal) were completed,

with analyses of hydrodynamics, scour and deposition patterns,
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representative cross-sections, and meandering characteristics. The
results successfully validated the research hypotheses. Following weir
removal, upstream bends experienced increased outer bank shear stress
due to headward erosion, while downstream bends exhibited enhanced
inner bank deposition, deflecting flow toward the outer bank.
Meandering characteristics increased with the degree of weir removal.
Erodible Bank Modeling: Simulations of erodible bank scenarios (weir
intact, partial removal, complete removal) were completed and
compared in parallel with fixed bank scenarios. Results demonstrated
that erodible bank conditions produced more pronounced outer bank
erosion and inner bank deposition, with greater increases in
meandering characteristics. Under the "complete removal, erodible
bank™ scenario, compared to the "weir intact, fixed bank™ scenario,
mean amplitude, sinuosity, and mean arc-wavelength increased by
22.13%, 1.51%, and 2.59%, respectively, confirming that bank
erodibility is the key factor in promoting meandering.

Scenario Assessment and Decision-Making Recommendations: This
section analyzes the potential impacts of various engineering scenarios
and proposes corresponding mitigation strategies to support decision-

making.

Engineering Application Value

The project findings can be directly applied to mountain stream

management and river restoration projects, particularly for channels with

moderate to high gradients and meandering characteristics. Specific

management strategies and prioritized action sequences are proposed: (1)

Prioritize restoration of bank erosion capacity (e.g., removal of levees and

Vi



revetments), which demonstrates significantly greater effectiveness in
promoting meandering than weir removal alone; (2) Adopt phased or
partial removal strategies to balance ecological restoration with protection
of infrastructure and property; (3) Restore longitudinal sediment
connectivity and bank erosion capacity to shape meandering morphology,
maintain pool-riffle habitat structure, and enhance habitat diversity and
biological corridor connectivity. (4) The project also found that weir
removal should be scheduled outside of flood seasons to avoid coinciding
with peak sediment transport. Furthermore, buffer zones must be
established at specific bends (e.g., Bends 5-7) to mitigate bank erosion
risks. In mobile bank scenarios, monitoring the meander migration of Bend
6 is essential.

Keywords: meandering river, river geomorphology, weir removal,

Nays2DH, habitat restoration
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R (hr) & (cms)
0 38
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3 44
4 65
5 86
6 114
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8 190
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10 286
11 366
12 456
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14 492
15 443
16 382
17 324
18 269
19 218
20 174
21 138
22 107
23 80
24 54
25 38
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Meander Statistic Toolbox (MStaT) R 5 + & FP 49265 = 7% /% ~ §
(UTEC)ehE L 4 » 4 — 2 A MATLAB B % 2 bt i T & 2| & A

\

#7131 £ > F =t 3 %3t Software X (Rubenetal., 2021) - 321 £ ¢ 7 =
fres Aulh (- )i jhire (2 )B3#e (2) Binfle.
HREE2 - BRYFRGRY FF G LSRRG AT
W2 qRMg S R b o R R K E 2 R o
MStaT ﬁv?ﬁiﬁgﬁ»;@;‘;a{g’a R a St ﬁgg* 2 FaEs
S (TP S EEE R W BEE) o TR SRS > Y
2. IR o bl f L Rdg i o T E BT ARG - B
R > T E H ez endRtg S A K B B o MStaT 19 55ir g ¢ o

s ,:\J_ "B’:
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&

b TR FARL G B # % 3% | 4k (Morlet Wavelet) 5 #

3

|k 38 1738 ) 4 4% (Continuous Wavelet Spectrum, CWT) » #-j7 i

}\%’%Kiﬁﬁﬁ—jf}'ﬁé—;aim%w%ﬁé ’,}_X}F-?}i_}f J/}iﬂb& °
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(Global Wavelet Spectrum, GWT) - #-GWT 4. % = R {832 7 FF T 5
TR REELINY

Hm F IR AR o R T R R DA R el -
VOO BBHER TS ELFE T ST ML AR R
LA EP CRREY TIELESFF LS GRS FRN SR
Bt iR = B4 Edp i 4 & (northward angle) > 'z - P

£ WTe 2ty o F f& Hp P i e Ak & (arc wavelength) g i >t
B I RGP g HUTH A R BT > BT 7 A PR S
(neck cutoff) &t £ _j= # %*(chute cutoff) - #4584 F > %21 & ¥ 3+ %
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& Mesnser Sttt Tosbn 5] 11
The Tosts Modes e

DedNOlNOw
MSTAT =222

Meander Statistics Toolbox

it

‘4 MStaT: Statistic Variables

Export

X

>
N

1

Bend ID l Sinuosity lArc Wavelenght [m]%Wavelength [m]!AmpIitude [m]i Condition ,‘Upstrem Length [m]EDownstream Length [n

10
1
12
13

1 1.0200
2 1.0400
3 1.0500
4 1.0200
5 1.0500
6 1.0600
7 1
8 1
9 1.0400
10 1.0100
1 1.0700
12 1.0200
13 1.0100

163.2800
165.7200
180.9500
212.3800
281.1500
196.7200

73.5000

76.2000
190.4700
162.8800
195.4500
135.7300
133.3300

160.1900
158.6900
172.5300
207.4500
267.1400
185.4100

73.4900

76.1100
183.2900
160.6100
182.4900
132.8400
132.4900

11.9100 DS
17.2000 DS
226600 US
21.0400DS

31.4300C
31.0200 DS
0.5300DS
1.6100DS
24.1100DS
12.8000 DS
30.2100DS
8.8700DS
0Ds

107.8900
112.3900
78.1000
106.2900
NaN
98.3600
49.3300
49.5000
108.2800
83.1900
110.2600
82.3100
NaN

B 3-11 ke Ffiie @ A~ sl dd e 45

3-23

55.39(
53.330
102.850
106.09C
Na
98.350
24.17(
26.71C
82.19(
79.690
85.18(
53.42C
Na




| 4 MStaT: Wavelet Analysis = X
| File
% & O @
c”;"‘““'e yemston: |y Signature of the channel curvature <108 River Centerline
3 T T T T T
Centerline
Upstream
2.7905
= 2TY
£
>
2.7895
2.789
l |
!‘“Hl "E 3105 3.11 3115 3.12 3125
Significance [%] X [m] %10°
| . Calculate
=0.92 Wavelet Spectrum at 95% of confidence Global Wavelet Spectrum
4 T T T T T
4
8
=
16 Giobal Wavelet Spectrum
— — — Sgndicance 5.13
32 S
N
64 X
10 104 102 10°
Average Variance
1 2 3 4 5 6 7 8 9 Filter

W 3-12 bl i o) kA
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(m)
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(m)
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8.02
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-0.16
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BT 5o R EE TN
—m’#ﬁam)i&«ﬁr“% Mo EAE A
Bk R iAok B 0 T o F

R E4H

8.01

0.17

0.08

AR - R YRR RS

0.43

0.11

AR - R0 F] Qs ik K IR e
FA LG FNERT R B
Bl T L

9.02

0.48

1.25

AR E - R 0 AN A N BLTT PRt
P XY AL PINER

10
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0.78

= w:‘; =

£

)%l“ﬁ%“%’"lﬁ v fﬁl‘}i — PP
FF RS o fLpl LR T iz
@ﬁ%ﬁ”#%%’@@ﬁﬁif
B A sl 0 T oA R
E R R s AT i
ALz 2% o

10.02

-0.48

0.41

o8- JuARE ok LN R ORI
BTG AR BN AR
BUEHE  BRIOF R G 2
= ’E‘g";lp ‘}Iw#qilu:@’y\ﬁﬁm
% o

10.01
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PE S Bt BAERE262 2
RN AE ARG M40 T 018
B AT TR o JHp TR FIH R K
Bk U AN RS 2R
ok 4 A o
RS AR T R
FlE ROk R S D R
11.01 0.35 -0.46 FoR W FHET G L B8 R
% 108-103 # ¥ @& &g ¥ £ K B4
fgAw o
PU RN BLIF R SRR 5 = frifs
12 -0.43 0.18 iz ¥ o % E 5 LM HIRITE T
iﬁ’iﬁﬁiﬁ'fi"i‘% » BEILAE G R o
PR T ERE A B E LR
L‘P\ AET G - PR JEPER
12.02 1.38 o0 | IRV T AR TRE - 28
M o0 2024 & B EREET N R S ouk
TR PP AR- %o AEFY
AR o
12.01 0.16 0.01 AR - R 0 P REREIT
13 0.32 0.20 N - R T FR BT
13.02 0.51 0.36 AR - R 0 P RE BT
13.01 0.21 0.24 AR - Rk P RR T
14 -0.02 -0.16 AR - R P RR T
Al d FRIAEET T - R %I FHIARR - Ko
% 42 LRI PMAPILE
Hi:md ST T ST TETR R B3
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Depth(m)
4.50

4.06
3.62
3.18
2.74
2.30
1.86
- 1.42
0.98
0.54
0.10

Depth(m)
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4.06
3.62
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Velocity (ms-1) (magnitude)
7.00

6.31
5.62
493
4.24
3.55
2.86
217
1.48
0.79

Velocity(ms-1) §

7.00

Velocity (ms-1) {magnitude)
7.00

6.31
5.62
493
4.24
3.55
2.86

s
i

Tirme: 13:00:

g Velocity(ms-1) f
700

Velocity (ms-1) {magnitude)
7.00

6.31
5.62
493
4.24
3.55
2.86

Velocity (ms-1) (magnitude)
7.00

6.31
5.62
493
4.24
3.55
2.86
2.17
1.48
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Time: 25:00?:%0

Velocity(ms—1)

7.00

Velocity (ms-1) (magnitude)
7.00

6.31
5.62
493

424
i 3.55
2.86

217
1.48
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I 450.00
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300.00

| 250.00

| 200.00
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150.00
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95.00
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. Velocity(ms-1)
700

ShearStress(Nm:
500.00
l 450.00
350.00

300.00
250.00
200.00
180.00
150.00
100.00

-2)

ShearStress(Nm-2)
500.00
450.00
350.00
300.00
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- 200.00
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100.00
95.00

700 20,00
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500.00
l 450.00
350.00
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1 250.00
H 200.00
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20.00

4-12



Yr g gkl nsgid

ShearStress(Nm-2)
500.00

00.
I 450.00
350.00

300.00
i 250.00

. 200.00
180.00

150.00

4-13



SR BRI NPEVREE

. ﬁ(%ﬁa‘fﬂ%ﬁ {s

B 47 S HLP AR FARMITERET LRI T RS L
oo BREA S o FAMATE L o RIRT R LA T AR AT ey
RN P R FAR S A AT T 4 R B
o b A B eARE o BT SRARATIR (ORI anE A 4 A 0 2 B
MR B2 St BRARLAEA L B o B L RE F I AN
Aﬁ%?*iﬁ%%7w@4’&W@imW@JB&mWW%h
3 670N/mM? 5 3% F % 7 ¥4 p 390 N/m? 3% 2 3 659 N/m? ;
Fe T Feng i E S P R4 p 485 N/M2F 2 3 T20N/m? e Mk o Mg
%&%%&Eﬁ#‘r% PR ARG NE2 E M ERAKTEAL 4 5
BT buiE o JmiE A s TR 4 RS 0 RReniEa s 4 F A .

@48%ﬁm{??%@ﬁﬁ1%ﬁWﬁ%F T 2R M HpRY
TS A0 FAEA S o BFUR A RARS - RO RMATEE
ERER AT A P g PSR il s a0 A
Fend o VHEEBPADE TR AR (ARTHA P RELH
[ EbebedFpce bet > AV BEP AN » ¥ - me o i
TP AR o EREA R o AR T R4 p 585 N/m? ¢ =
3 666 N/m?; 5% F #5en%* i 7 p 377 N/m? + 2 1 575 N/m? ; 3% T 7%

G548 2 p 410N/m? 2 32 5ION/mM2 - 5 & @ 3 > &HH TS F #

4-14



P

TR ORELNPERPE

B o RRATRISY R ERYR P EnE T RS HHL A o 1
WA T O FHEBFPARET R P AERRS > PAFT RS B
Bow AL RER > PEFAEAN A D AR RETH A &

T EFE AN FIMEFIP R 2RI A S F e

4-15



PortlgkR?nR\\vab(Rlverbom :
3 -,“‘ "\/\ "';v.
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BN ‘ 300.00
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4 Ly & | 250.00
250.00 14 ’ <

| 200.00 Z ¥ N i 200.00
' . . / : 5 180.00
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. ; 4 150.00 4 . q - 15000
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300.00
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