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Fig. 1 Sketch of Lower Yellow River
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Fig. 2 Typical cross-sectional profile of Lower Yellow River



7 EEH AF BT I R T R 20K b fhon 1 i AR A AL 1497

Aty UL RIS (RIS ES G ik, TS BP0 EREBTEE S 24
G,.= eXp[zlLE(nG;;‘ +1In G;,l,)Ax,} (1)

K. G, MBI ERETEIE S S8 (IR W5E. KEMWHERE); G, M
G, Or R i i+ LW B EREIE S AE SR Ax, AR (7, i+ 1) 22 8] A [E]
B LOMTHRMBLEE; N OB A S W4
3.2.2 FHRNEMAREY S AT OPRAS AR, BT R (Rate Law), fRGE
T PRI R AR £y 52 B SNER I B0 5 AR 8 8 dy/de 552728 B M T y ROV A ye 2 22
BUE Hi s ™ 2, FESN RS AW BT, B TR S, fE—1 %
FE A BRI BN, RIS AR — 2 BRUE IR 22 5 B TR 30 Z (AR IS 1 1 P AR S, 4R
M, TCIe ] PRIFEE AR B AR, A Beln] PRI RS B 45 FAREAE R T — A B w)
UG A yo RIAT RIS AZ 77 A 520, 5 R MO AS T IBI /K V0 25 X J BT G A2 7 A S, i
WM FE A5 3] J i IR A T ) Z2 0 B R, 2 BB A0 40 2% A KT 2 7 P B 5 e AT R
N, AR B R R I K U0 S5 A S WA R 53 A1 J 4 I e P Ay

Y™ Z {/liy""}’ = 1 l__ei+ﬂ1>/fAz e (2)
Ky, W nAF EWTIIESSEUE;  p, 5 F BT SSEOFIE; 4, 05
R REG b IR SR, HARBORG R R AR AE 22 i A R B A s oAl e
SR n B BRI B S . X TE U RAECRET Wi S R K
VAR Z IR BT, 30 R TR0 AR VD BRIV RECh &0
i 5 i i 0 HO (AN E UK YD S R R X B A8 7 AR 5, e LA 1 S A b iR ik v
AT RS TR RS20, 7T LUK AR S SBCF-HHE y, R A T (3) P4
SR Y R

Y =KxS§x Q' (3)
St SHQAMHE L AW RRE (g, ms); K. a5 HERRERAEL.
1R (3) (RABRMIEORI S S B (2), 0 ERBIBESH y, HHR
\ Bt v
yn = i; {iiKSianl‘)}’ /li = ﬁe—m—,)ﬂm (4)

=n-t

4

4.1 BFENTHAKDEER FERERSAZE DR

4.1.1 SRAKFIDFMEWILTE 1961 FLIOKRIE AT | i 6Pl 1135 1K U 2 A2 AL
WE 3 s . 454 F i =1 T K JFEAE 1961—1964 4 . 1965—1973 4EF11973 45 43 2%
HERED | wrt R MBS HEE 2 F =0, 280005 19 e 0K 2 R i /N R
JEE K 22435 F 1986 4 F1 2000 4F-JT-#fi2 FH LA K2 K AR K it AR AL O 25 A 520, 1961 4R LUK AE
Bl 1135 7K V0 25 AT R 404 1961—1964 4F = [ T 7K J22 35 /K 424 V0 0 R SR R It 45 = A s B
1965—1973 45 = [ e /K s L HEVD B R AR VD S K BT BE . 1974—1980 4F A 7K SR Vb
ARG B . 1981—1985 AEFE /KD VR AT BE . 1986—1999 4F L Hh /Nt 2458 2 5 v it
IKA B B K A VR BEFT 2000—2015 4F RIS K T A 28 SRR AR VN B BE . AN
[ B B B TnT R A el 11 3 R AR VD 2 R e HME AN R 1 i . o, 2000—2015 45722k
WA V53 3R 0.9544 tF13.73 kg/m’,



1498 i B 2E 75%:

a b
1965 1974 1981 1986 2000 25 897565 1974 1981 198 2000 0.06
sgoor L | iR, sob | S Wit RV EM 0,05
I ' : -~ : I &
<600 S 400 l o 10.04 @
E 158 § IFAY E;
< | E %30 0.03 ;g
18 400 lo2 8 TR
g | & Zioof 0025
20014 15 &)
d 101, 0.01
0 ' X ' ! ' X oo Yoog ‘,". 0 ' ) ! ) ! ) ' -".---, 0
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
A Ef
13 Al AR D &R A 18
Fig. 3 Temporal changes of water and sediment conditions at Huayuankou station
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Tab. 1 Statistics of incoming water and sediment conditions at Huayuankou station in different periods
LR 1961—19644F  1965—19734F 1974—19804F 1981—19854F 1986—19994F 2000—20154F
i m’) 582.50 430.10 391.00 503.58 279.16 254.48
ALY 7.87 13.99 10.95 9.00 6.86 0.95
Evb i (kg/m’) 13.50 32.54 28.00 17.86 24.57 3.73
Kb Z (kg s/m°) 0.0073 0.0239 0.0226 0.0112 0.0278 0.0046
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Fig. 4 Annual average values of main-channel cross-sectional parameters in different reaches



73 EEH AF BT I R T R 20K b fhon 1 i AR A AL 1499

N LR BARZE A s KRR E1 LA b B At hn, R ABEA Bzl ;- Ui ] #H 22 800 1
DL B RN L IR B BT N

S AT LAE 45T B 3R 1 AU A o R RN i R AR LA — 8, R AT
1965—1973 AE P IF /N . 1974—1980 4F 3% ol Hh W& A 3411 . 1981—1985 A PL 1 384 i
1986—1999 47 I /N FI1 2000—2015 AP SN 5 A BBt s A 528 07 T Pk i) |
FEACRAR | PN PO N NESIN S AN BB, HR AR R AR ARV RN, A
IRERGE T TN, P s HR g A T . 890 . PR NRI PR N 5 AN B B, LR AR iR
2000 4E IV FRELARIG N . 2000 475 VRFRIR/IN o F 45 B2 A AT v FI7K TR AR I 22 Ak
25 B AW A R BT R 2L IR . HoHr, AER BRI T 19651985 4F/ Mg ift
3, 1986—2004 4F B i s/ NFI 2005—2015 4E/NME /N 3 BB ;- e i BEFR 1981—1985 4F
BTN, AR EINBEZ T T 1965—1973 AR B AR | 1974—1976 4F T i3 s,
JNL 1977—1999 AF i By R /N BE IS BRI 2000 4F 5 B B s/ N #E s PN L RSB & T
1965—1973 4FE34 M, 1974—1985 4F /Mg /N, 1986—1999 4F /INE 4 i1 F1 2000—2015 4F:
/N R

o, ERTR 5 b. FAEAKE

pou 20 A 1974 1981 1986 2000 ' 19;74 19|81 l9|86
g 1'5 3 i i i i 1.5 E | | |
& aN s
N 1.0 e 1.0& i
ﬂ% : . _' . | e
& 05 i 0.5 : Lo !
prn | i - i

| b | [ I
Moo I 0 1 | | |

1965 1975 1985 1995 2005 2015 1965 1975 1985 1995 2005 2015
. A5 - d. FRERREREK

g ' ! ' o P o TR TN
T : 1.8 —o— NI~ JLURBE = TR B
# ! i i i
% . [ 1.34¢% ~
E 8
E VY O T [ P o PP

0.3
2005 2015 1965

LS Rl B T 5 SRR 2 it
Fig. 5 Temporal changes of relative main-channel cross-sectional parameters in different reaches
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Fig. 6 Relationships between main-channel area and 4 a moving average water and sediment conditions in different reaches
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Fig. 7 Relationships between main-channel width and 4 a moving average water and sediment conditions in different reaches
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Fig. 8 Relationships between main-channel depth and 4 a moving average water and sediment conditions in different reaches
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Tab. 2 Coefficient values of Eq. (4) for main-channel cross-sectional parameters in different reaches
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Simulation of the main-channel cross-section geometry of
the Lower Yellow River in response to water and sediment changes

WANG Yanjun"?, WU Baosheng', ZHONG Deyu'

(1. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China;
2. Key Laboratory of River Regulation and Flood Control of MWR, Yangtze River Scientific Research Institute,
Wuhan 430010, China)

Abstract: To understand the non- equilibrium morphological adjustment of a river to
environmental changes, it is essential to (i) identify accurately how previous water and
sediment conditions have impacted the current morphological adjustment of the river to
environmental changes and (ii) establish a corresponding simulation method for non-
equilibrium conditions. Based on water-discharge and suspended sediment concentration (SSC)
data and 82 cross-sectional data for the Huayuankou-Lijin reach of the Lower Yellow River for
1965-2015, the adjustment processes of the main-channel geometry (area, width, depth, and
geomorphic coefficient) and their responses to changes in water discharge and SSC for
different reaches are analyzed statistically. Then, with the water and sediment conditions as the
main controlling factors, a delayed response model (DRM) of the main- channel geometry
subjected to previous changes in water discharge and SSC is established using the multi- step
analytical model. The results show that the main- channel area, width, and depth decreased
initially, then increased, then decreased again, and finally increased again. They were correlated
positively with the 4 a moving average discharge and negatively with the 4 a moving average
SSC. The main-channel geomorphic coefficient for the Huayuankou-Sunkou reach exhibited a
decreasing trend, whereas that for the Sunkou- Lijin reach decreased initially, then increased,
then decreased again, and finally increased again. Except for the Huayuankou- Gaocun reach
for 1965-1999, the coefficient was correlated negatively with the 4 a moving average discharge
and positively with the 4 a moving average SSC. In applying the DRM to the response of the
main-channel cross-sectional geometry to previous water and sediment conditions in the Lower
Yellow River, the calculated values of the main-channel morphological parameters for all the
sub-reaches agree well with the measured values. This indicates that the DRM can be used to
simulate the response adjustment process of the main- channel cross- sectional geometry to
variations in the water and sediment conditions. The results of the established model show that
the adjustment of the main- channel cross- sectional geometry is affected by the current
discharge and SSC (30%) and those of the previous seven years (70%), where the numbers in
brackets are the respective weight factors. The established model offers insights into the
mechanism whereby previous water and sediment conditions influence the current
morphological adjustment of the river, and it provides an effective method for predicting the
magnitude and trend of the main- channel geometry under different incoming water and
sediment conditions.

Keywords: Lower Yellow River; water and sediment changes; main- channel cross- section
geometry; delayed response model



