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Characteristics of main-channel migration in the Xiaobeiganliu reach of the middle Yellow
River during the continuous siltation period”

Yu Chengzheng, Xia Jungiang ™ , Zhou Meirong, Deng Shanshan & Wang Yingzhen
( State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, P.R.Chi-

na)

Abstract: The Xiaobeiganliu reach of the middle Yellow River is a braided reach, and the main-channel of this reach often mi-
grates, so investigating the characteristics of main-channel migration is crucial to understand the river regime adjustments and fluvi-
al processes of the Xiaobeiganliu reach. In this study, main-channel migration widths and intensities at section- and reach-scales
were calculated based on post-flood remote sensing images and 29 observed cross-sectional profiles in the Xiaobeiganliu reach dur-
ing the period from 1986 to 2001, in order to investigate the characteristics of main-channel migration and to analyze the influen-
cing factors of main-channel migration intensities quantitatively. Calculated results indicate that; ( i ) the main-channel migration
processes were reciprocating, and section-scale main-channel migration widths in the upper reach were larger than those in the mid-
dle and lower reaches; ( ij ) the width and intensity of main-channel migration of the Yumenkou-Miaoqgian reach were 1151 m/a
and 0.70, respectively, and it was the most dramatic reach in terms of the main-channel migration in the Xiaobeiganliu reach;
(i) the main-channel migration intensity can be represented by empirical functions of two key hydrodynamic parameters, covering
the upstream boundary condition ( the previous three-year average incoming sediment coefficient) , and the downstream boundary
condition ( the variation in Tongguan elevation) ; ( iv) higher values of incoming sediment coefficient and Tongguan elevation
caused a larger main-channel migration intensity, which contribute about 89.3% and 10.7% , respectively, and it indicates that the
incoming flow and sediment regime is the dominant factor affecting the main-channel migration in the Xiaobeiganliu reach, and the
Tongguan elevation is the secondary factor; and (v) it is verified that the calculated main-channel migration by using the empirical
equation agreed well with the observed data, so the empirical equation can be used to calculate and predict the processes of the

main-channel migration in the Xiaobeiganliu reach during the continuous siltation period.

«  2020-03-20 YFE ;2020-07-19 Ui MR,
R A RBHFA I 4:T00 H (51725902,51579186 ) HE 52 8 2 fF & 115351 H (2017YFC0405501 ) 1K 45 %% Bh .
s MAEVEH ; E-mail; xiajq@ whu.edu.cn.



894 J. Lake Sci. (#ia#3) ,2021,33(3)

Keywords ;: Main-channel migration; remote sensing images; Tongguan elevation; flow and sediment regime; Xiaobeiganliu reach

of the middle Yellow River

AN B RAT SERAEL” S TR S A L, HAZ I B R B T E T i v R 2 2
B R A B AT B —. R WER KRS A T AR B TR AR T PR SR A R LA R K R K R
J7 AL HR 235 /NG I BO AR A B . 1986 4F LU, T 3 e A1 X1 SRk K J4E S 6 45 98 1 53
WK AD S A, = TROK PRI P 3 IO L S e P (R DG 1000 m* /s 3 4k 368 1o f 7K
137) TR A5 I DN R B A, (A5 /NG R B S IR BRI 0 T R B i R A T U R A R 2
/NI T B A T AR Ak F R )y T (BT e DRIk, R e i /N B 4
SRR AR B T AR /AL I BRG] PRI A AL, AR RE DA 2% T B ) T AR K R T R R 4 AR O

T SRR PR, — e SN TR (R ) A & B b Al A5 T A PO A R D
Sy FHE LR, MO SR Bh LA 52 4 (B 25 AR AR A, R o BT IR 1 4 3 1 T i AR RS
SRR N BRI TE 20 MR SN K SCHEORE BT M GO, 38 RT3 ¥k AT 2 I A v R 56 B 1
i, 5875 4 25 A G R/ INAL T B2 A (T SRR R A T TS, R I Ak
ERAKID FAF B TR L Z AR VI R, WL i e il 5 Tk Vb 284k, HL A 442 et i 5 K v
2 TR LA R PREIOG 2R, 24 TR XTSRS, A bR OGRS . VRIS DL R B
JERHCAR SR o R S AR I ST 1 BT e B 9 S RS S 0 i, A B 3 D 422 30 1 W 2 Ak R Ok A2 )
KA , 132 BT FAAE R 2. RS R T B IR 1 0 24 R K I e 25 42 14 0 % 830 5
HBih F RS TR VEAT T A TR R 22 S RS ST YOG AR, R IR v 28 K, M Bl BT
PN AT S By P SERIE T T A A AR S ORI BIR , DO 18 ] B A 2% ) AL A5 Sl 38 3 ) T B0 R JE
A

ifii MacDonald %5 * TR IS B85 M P M2 4 10 32, 00T 1 WHJR 3536 16 2T 3% 11 3 M 422 3 1L
H JF HUE L T RS SR 5K TR A LRI R LU 2 8 13 R G A%, Jh B SR 30 5 B2 b/ TR 5 0
TR , 755 T RO H R =2 1) A7 A S . Shields 25 SR A3 B AR 90 AL I VERHT 3L T Fort
Peck KIUSFTHI G % I35 B 724 AR SR, L BUK IS AT 5 E 0 R, BAP2 SR 6.6
m/a W/NE] 1.8 m/a. T ISR R R/ INR K i R BT W5 B 3 MR Sl R A A T
THGE, JE HAE 0T T 7K U S A SR IR0 S 5 A X 2 2l 1 5 T 3 SR 8 J R X R R B B 5
7 b TR AORS B (BT AT X 88 T AR 88 RIE T K Vb 2 A ] PR 300 5 A% o A5 B D 2R 0 A B B 5
M, TSGR 90 20 SR A A A TR P ) i 7 56 A5 2 DR AT i 25 B F 5 L Ui AN R K U0 2% AR AT
U= P e o 1T (OGRS /INAE T A S i 255 5 T

ARSCUL/INAC T B TR R SRR S0 IR 17 3t 12 BEORE A KK 0 B S i, 20 A/ AL U Bedp 2R AR
SUIEY R Sl R AT S S ARl SR L R OR VD AR A G S R AL Z R PR R e B R G &R T E
AT KIS S A R G A AR AR /N AL T U B S Bl 1 B A R .

1 BEs M ER L SR

1.1 NEFRAEE N

ANAL A B T B A i 1] S e 22 ) e — A HLA R ME URR R 13 AL T T K 2
132.5 km, “FHRT 58 8.5 km. I Bri A 29 /N IRFRIN Ht Wiy A e ] i 56 2 Aok gk (L 1) . /G B
BEORIE TP 2 A 1.04. I8 DR A 2 WL TE, B 28 00 e FEAR TR AL RO, ELI% T BT RAR
R FEV I R AELEL , e A, SOE ER ALY, B A A

NI VR BAR 4 HL TP 3 S50 AT B T i A T 230 3 B OB 1T 0 (0 68) i ( B 61) B
o BB K2 42.5 km, AT BR G BEYIAE 4.0 km Lh_L 28 A VAT R R A KT 45 S A @i T =
Je I 1 (#E I 54) B B K2 30 km 0 G575 3.5~6.6 km JuE NS AL, MW B A, HFi R A =4



ARG T PR AT R BRF S AR AR A B 895

(42.5 km) (30 km) (60 km)
e w2 J R T 1B Je T - e BE
f 0 »le »le »
1 iy i
i % = i
68 - 3t 63 ;J( ES V

% 49 W

[m]
il !
. A
Yy - ,
== Mg V¥ K ' ol

1 g/ LT i B 2 A
Fig.1 Sketch of the Xiaobeiganliu reach of the Yellow River
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Fig.2 Temporal variations in the flow and sediment regime entering the Xiaobeiganliu reach
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Fig.3 Cumulative channel evolution volume in the Xiaobeiganliu reach and variation in the
post-flood Tongguan elevation during the period from 1986 to 2015
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Fig.5 Method for determining the section-scale main-channel migration width
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Fig.6 Temporal variations in the proportion of main-channel migration direction in the Xiaobeiganliu reach
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Fig.10 Relationships between main-channel migration intensity of the

Xiaobeiganliu reach and flow and sediment regime

42 BXHEHFIM

T DT RIS T3 0 R A, B 98 8 0 3 2 SR WA 1k A\ =171 I e 25§ 1 P 7T 2 Ak b YT 45 84
850 m, JEKAR K H. th THRAER A R A, T8 G R JRCA /N AL T I ] T Y JR) 42 o B v 1T (T 9 S S A%
1) ek R T (5 1 oA ARl 442 s A 2 R g O R Y AR W 2 /N L TR
B 0 i A2 Ak, DA TS 323] B AT 3877 A A, i L H R 2 /NG i S R 2 A 1) 4 e

8 SR A B Y 0 Ak 18 7K A7 ek S 2 B A et R v T 2% 7 , L S B 0 FH IR SR JH O 2% it 2 i o £ ol
A 75 1k VAT R A8 2 0 4 Bl S 2 g BT AT I S A SR FH S B G MR T 1986 4R35
R AZ A5 T WD A A (DG R RRIBTETTTUG P26, LS e Y 10045 ol e 1T A2 A o] 3 =
FER ISR . I R IR 5 R P AZ AHOCOC R T LA ) A Sl o e M, B T G S AR 1
BEORMIHE R, s RECH 0.29 (18] 1) , Ui B S = R A A2 A X /AL T i ARSI A — 5 i s ), (E 2 72
JERN.
4.3 B TR FHHEERIT

TG B R T AR Sl R R AR AR A MR b T U S AR PR R RS R Bl i R Y



902 J. Lake Sci. (#3a#2) ,2021,33(3)

). FH AT ST AT 60 A Bl 0 5 ke > 2R B A DG L 55 K e 58 B PR, DRI R FH T 3 AR OV &
B & MERTBRAAR AR R 2R 5 56 B R A AR (1B AZ VB R R el A 4 A s i 16 22, R
LIS RS M, 5 & AZ Z RS RR:
M, = a,(&)" +a(AZ)” (6)

K, oy oy WEEG B B FIEEL X 4 ST B RS K VYR LR AT A sh i B B R e

BN T B 1986— 2001 4F %54 40 2 B, 1986— 1999 4F (144 H ok % a2 2 (6) i 248, 2000 —
2001 A A FE HR BAIE A 3 A BE. R SPSS #3520 (6) S EEITT 3R, eGSR N o, =3.354,
B:=0.599, @,=0.071, 8,=1.419,R* = 0.72. A TG i : DLEA % JE PR K I, 285628 A ke E R H0A 5]
0.72, B Z Al FE AR AT 0.65 5 0.29 A B RIGE WA QT & 5 AZ WS HFREM( o, B, A
ay . Bo) B IERL, B M, B &, (AZ RIS K. B (&) 1l a,(AZ) % AEZ(6) T & P 1E 53 51
89.3% F1 10.7% , Lk 1994 451, SR (6) SH5EAF B A M, A 0.549, Hidh o, (&5)% Tl e, (AZ) P I9E 55K
0.493 F1 0.056. £ 1 Ui B/ T 9 B SE R 2 5h i B 52 17 ok /K o v 4% 1 i o G 1 A A8 Ak B AR T 24, EL Ok
IKAID S SRR M/ NI T R B AR R B R S B R R BN R, LR /N T B &
TR Z).

o7 X (6) FEATIRIE, [ 11b 25 1 T /b R B BRI s B 5 R A 2 (6) RS R BT BAE, AIE
PR AE M, S SEEAT A5 FXHR 22 F 0.76% ~ 16.02% Z (7], S YA X iR 254 8.53% , —
B BERE . FERAIEI Y, 1999— 2001 47 ST A AR 33 B 43 318 0.51,0.50, R (6) B 211 =
FEYE SR 43 R 0.56 ,0.50 , AHXF IR 2543 BIH 9.7% ,0.8% , - BIHHXF IR 25 K 5.2% . 45 Ui B Fr i i sk i 42
AR M, = 3.354(&)™ + 0.071(AZ) ™" AT A4 S e/ INAG 30 B S R 2 sh ik B (A8 A 3 A B &2
FER AR X b RWE A A R R G 2R I T T I /NAG T S B SR IR A () A Sl i .

0.80 0.80

B (a) T T [ (b) i & EREFIK TR 2514

0.65r 0.65

; 0.50 /‘—/'/":. g 0.50
L]

o
—— 1 HEE(6)

H _
035k M, =0.553xAZ,0117 @ 035 o SEfA(1986-19994F)
R?>=0.29 o SZ{E(2000-20014F)
0'20 1 1 1 1 J 0‘20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 030 060 090 120 150 1986 1990 1994 1998 2002 4
AZ

P 1T i % e R AR VD 26 -5 /NG 0 B T R 8 Bl i 2 ) O &R
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flow and sediment regime and the variation in Tongguan elevation
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