55 42 B 2 W KoBEOE RO 2026 4F 3 A
Vol. 42 No. 2 Water Resources Protection Mar. 2026

DOI; 10. 3880/j. issn. 1004 - 6933. 2026. 02. 002

AT RKHTA] K B R AR R k) 2002—2023 4F:
B A — R ] BV A R e i 32 42 m’
T =K PR 7K T A s LA A TR JEE 15 RN 368 BH T AT PRI AR VT i ol 2 52 ) 79 BT k%
WA B 7K 0 A 2 5 i 00 i ol B vl il ) L AN R HIL 3 T PR Y AR A AR T

ZOL PRI AC R K SR B A 5 W ELX TR R RS v 4 ) R

T EE AR BB TR T i o
SR 83T
RE®R , Mla AxE MM, BAL" HEL

(1 BB 7R G PR TR 5 A 4 I T S0 8 5 2. B KRR A T e e s U IE Je 70 TR ASa A7 lb T ri S0 a8
3. EUK AR R R Bt S SR A PR 5 7K 2 4 4 e o R SRR )

WE . AT 2R AR AN IL AT KT P T bl 26 #em, AT LTRSS msAIL
BRI FHE, VART 5 - 3 AR T R 3R B RAEK WY A ST HJESIANIL A FTR R i ok R 2 it
X, FHET BINCEF R TR R PR Z6 ok F, SR AW, ok TG ,2002—
2023 4R E A AR TR NIL K B b T KB 35273209 45%, 7 & b 22% , W Al—X 0 7T & e
W — KB R R 5 A A 5. 142.6.6 12 m’ s BE R AT E R it ok b E it B4 R L 5L A
SBIF ER AR T 0.92; AEANCHMEN—X 2 TEET TR ZGTHRES 3.3% ~
87. 4% ,ARFEFANIC 3T v — KB TR R+ b R 209 TR EH 6.6%~19.7%

KEBIR . A NIL 70 R 2 5 ARG b R 3R B 5 TR 5 AR PR K P T

Quantitative analysis of confluence impact of Dongting Lake and Poyang Lake on erosion of middle and lower
reaches of the Yangtze River//Xia Jungiang', Shang Haixin', Zhou Meirong', Deng Shanshan', Jia Dongdong®, Hu
Chunhong’( 1. State Key Laboratory of Water Resources Engineering and Management, Wuhan University; 2. Key Laboratory
of Port, Waterway and Sedimentation Engineering of Ministry of Transport, Nanjing Hydraulic Research Institute; 3. State
Key Laboratory of Water Cycle and Water Security, China Institute of Water Resources and Hydropower Research)
Abstract: To quantitatively study the impact of the inflow of Dongting Lake and Poyang Lake on the erosion of the middle
and lower reaches of the Yangtze River, based on the water and sediment data of the upstream main stream and the inflow
of the two lakes, the average water flow erosion intensity over the past five years was used to characterize the water and
sediment conditions. A formula for calculating the cumulative erosion of the reaches considering the inflow of lakes was
established, and the contribution rate of the inflow of the two lakes to the cumulative erosion of the study reaches was
calculated. The results show that after the application of the Three Gorges Project, the inflow of Dongting Lake and Poyang
Lake accounts for 45% of the downstream runoff at Datong Station from 2002 to 2023, and the sediment content accounts for
22%. The cumulative erosion amounts of the Chenglingji-Hankou and Hukou-Datong reaches are 510 million m’ and
660 million m®, respectively. The calculated cumulative erosion amount of the research reaches fits well with the measured
values, and the determination coefficients are both greater than 0. 92. The contribution rate of Dongting Lake’ s inflow to
the cumulative erosion of the Chenglingji-Hankou Reach is 3. 3% to 87.4% , while the contribution rate of Poyang Lake’ s
inflow to the cumulative erosion of the Hukou-Datong Reach is 6. 6% to 19.7%.

Key words: lake confluence; erosion amount; flow erosion intensity; Dongting Lake; Poyang Lake; middle and lower

reaches of the Yangtze River

=g Je PP FEREEAT S KILTP R B R 12 0 1/5, PRI RO R T K Vi

B2 . M EE AN AR H (2023YFC3209501) ; [E R HRBIAIL 410 H (52479075)
EB BT HEM(1974—) 55 302, 11, RN KT T i sl 124058 . E-mail : xiajq@ whu. edu. cn
BIEEE JAIER(1992—) , L, M2, i+, F2NFK T2 B 2 J1 25158 . E-mail ; zmr@ whu. edu. cn

- 12 -

(R AT I AT IR W T B TER LY/ SR S E]
FRTOC T PGB B ST A W8, Dk,



B
ABFGERYT, =i TSR  SRBEDL Wl B
b AN, TR AT %
SR LD B (LA R SR B )
USERUSTE R G (TUE ISR N
LT VA S0 ] G 1 e T3
S P30 O T 2, SRR = k57K 00 6 1 407
AT L I ALK A% P 2 2 2 01 8
AR B 0K 00 7 S, 45 52 91
AT 2 S BOIL I HF 3 110 391 PR th 58 ) 20 o
WO Zhou B K BURREH AL S BT
YD RPN e 5 R LT S i
BEIRENIAAE . T OP4E ) BEIT T AR KT
S B WA 5, DA T B 07K 0
SEOAT R T IR IR 2D, F51R TR, 647
WEFTIAN AL B 5 T 0 R L 3K
T HE 22 546 LB 0T B PR 0
RARIERT S MR R T P AT A Tk v
BEPERORE R 1 0T B 0 25 1 5 A
IR AT AR PRI AR S, (LA R LR 7 AL
RHKAT P F WO B B RERG B0 A, BUAT
5 5 25 e VAL 1B 00 B 0 25 s,
W AT A 1 B B S0 R 5
BT

s TG A SCE A  TRE R SR L B
W 1T B 07K S TR B B ol it 520
RGN SUYNIRCE ST IR S S AL
R REBLIR, £ % I AR W) T
B S P 524 38, DT S L9030 AT
ST T B L TR

1 AR

)i R Ik ER SR SN L i N TR R i RE
3590 T3 WU FUARE AR, =K A2

TR BE R 30T BE AN T — K3 Y] B4y A T
PRI A R il (P 1), HOK U 2% A B A 32 45 3
AV, 50AS S LA 9 AT B AR S B 5 0] B
WU B A K 2 254 km , HoK Vb i 2 =232 IR 7T
T8 JE 5 AT O S0 5 T 11—l ] B 4 K 24 228 km,
HIR YD A 237 1 Ui 1 Ut A0 38 BH A B 5
AR B TV S LI B 6 4K
SC IRV BERE L BB 5 0] B B wp U R, ST
B 2002—2023 47, W A1 3 57 3R] S I
R U R U T R K R VDR B 5 R L35 30 )
AR WA 28 A S DU B A 7K VB I 0 5 JLTT
7 VA 191127 Y 8 70 (€ =30 1 T 8
VR B 5 3 3 AR 2 1) 11— 3E ) B 11 &b K Vb
05 B Lk S50 11 3 43 S AR 2 R JEE 1 -5 0 BH
ARKIL T WA KO

32 = TR K UK ERE I RE M i A = ek
FEWUR R B K i 5 00 & R A ol As , R BRI
BRI KR b B EW/N, 5=k TRE
FH AT (1990—2002 4F ) AH M, =k T f iz M )5
(2002—2023 4 ) ‘H B ¥ £ 4 F B 7 H &
4300 12 m® JEEF] 4 154 {2 m® | WD 2 3. 4% ; Z4F
SRS 3. 97 A2 t WL R 0. 31 42 1, WA 2
92. 3%, A BEWIVC I 1T U 0 W A sl 240 - A8 i
113968 12 m® PR F) 3759 {2 m® Wi/ LA 5. 0% 3 %
SRRV 3. 1442 1D E 0.63 42 1, 0 2
79.9% ., BEBABAICGE O LTSS 245 442 0
WHZ 7572/ w’ WEE] 7044 12w, Wk Y
7. 0%  ZAE-Y kv Rl 2. 77 42 C D 2 0. 84 12 ¢,
/N2 69. 7%, WAL JRA VL Ui T AR IR
VYD IR IR, — i TR i3 F B 8 ek s 7 Hok b
S AH EE =0 TR 2 R AT, P AT AR I )N,
T B 50 AV st sk /D 0 PH A Vb g, & 2
R 2002—2023 4F-45- 7K 3Lk 2 AT 4 4% I 1 Al v
S, A UL A 7K S (9 488 3 2 RN Vb i 2 S D Bl B T

N T

IRBEIL—IL I D= wn—kim N

SPEER i m

e ‘(jﬂ N L
T — U ] B

SN —

> 1 > i \

&1 431
B 7K 3

(a) KILHER

(b) EHE-F@MEE (Hfi7km )
B1 FRARMEREFEKIESM

Fig.1 Location of study reaches and distribution of major hydrological stations

- 13 .



FkaH, =k TR G, I ALK S AE T el
SR A7 L2 45% , Vb T2 22%, AR
F s (B L) AR R 2430 /¢ m?,
o T AR RN 14. 2% , S0 1 F 3 W R b 4F
BRI EA N 0. 65; ZAEF W& h
0. 17 42+, W TR 38 FHTAT /N 32. 4% , 5 W il 4F:
By A H(E 24 0. 26, FBPHISTH 11 F il (GBI T )
ZAENHIATEN 1485 12 m’ | Fe TRtz R R~ 2
13. 6% , 53 1 B3 ULl AR 48 i vl e (B
0.21; ZAEEX v 4 0. 10 42 t, L T 878255 R Hi i
Ny 35. 7% , 5L b S FUE R 0. 12,

9000 o syt s

7500+ oiEETS R I
% s s
EEH- 4500 108 =
5 10.6 4‘\3
& 3000 0%

1500 H H o4

0 1 L | . , 0
A A

WA SR T JUL K
K3l
2 2002—2023 FRAKNHEZEFHERESHIVE
Fig.2 Average annual runoff and sediment transport at
hydrological stations from 2002 to 2023

2002 4F 9 H & 2023 4F 10 H, =R i E
B — R Y] B 1) S TR S rp i 1 24 32 42 m®
Hh SCLIAT BRI 11— A 38 YT 5 - M YT R A B 5 s
By g Bt kil & 4 5k 5.1 42 m' Al
6.6 4 m’ (& 3) , 43 5 % ‘B B — K 30 0] Bt ol o ] £
) 16% 1 21% , DU BERAAL FHrs bR S (H
PRIRR AT BT ARk, 3R] BEAE = I 7K P2 35 K I 1)
Hi 3 4F (2002—2005 4F ) kil 545 /s, Bt ol il 24X
H 0.7 42 m?, 5 F K LIk B i 1Y 14% 5 2005—
2012 4E LN, SRR 0.5 /2 m?, T E K
DI i 10% 52012 4F 2 5 wh il i 8 s | 2
TRl L 3.9 42 m’ , 24Pkl 0.3 /2 m*, /5
BRI S ] £ 1Y) 76% , W 1 — G T B fR 2
Yﬂlﬂﬁﬂ%@%ﬂ% () i, =K i %K 5 BT 10 4F

—a— U B
6  —e— I I— i Bt

P

H

0

= 1 1 1 1 1 1
2002 2005 2008 2011 2014 2017 2020 2023
A

3 2002—2023 F 5B MR R it R E
Fig.3 Cumulative scour volume of flat riverbed in
study reaches from 2002 to 2023

.14 -

(2002—2012 4F) wf il 5 B 42 55, 2 3F ob bl 2 ok
1542 m® | 245 il i 0. 1542 m? | (5 &K DIk
SR Y 23% 5 2012 4 5 i i 35 1 R 2013—
2023 4F BT il 5. 1 42 m?, 4R 2 ol
0.57 4 m* | 5 &KL SRR 77%

2 WIRAE

2.1 EFEHANLCHTEHRIZTEARX

Syt P IR 22 T8 R0 980 BTV X VT 3 o
(R EZ I, ST B33 1 R ik v ad R 1
JE TRV U S PR 1K SCs i H
Brf v S Rk, STV LR B Rt
il 5 R L IIA AL A 2K G Y 5 R =[]
(R RO 22, S 17 38 o R 28 i 1+ B3 0 AR
Tt F S T B e 5 T 1 TR
2.1.1 BRI EH

IKUD S5 A S 5 M ] R i A B R, %
JELE BV BT AR SR K R e i R
TIET B K VD 25 120 | R AN T) 7K U0 2% A 6t ] B v
kSN IR RN T

Fh:@ﬁ/(ghxlog) (1)

o By SR K SCAR -2 7K O ol Rl 568 B 2 SR o 7K
D 5 A KT B e A R R A 25 B 8 A 5 Q,, K
SCARE- R S, K SCAR T3 & vb il S e
ARLHT AT, =0 T AR AE FH AT VL v i i 75 DR T
YRS E R IE E R, QF TR S Btk F Y
Kb Re ) F, WARERIE —FrE i P i
U RIY AR, F, BRI R K il B, 7K 3
il 5 B X — R AR T T A S Ui IR BRI A
BT WA D 2% AP B A o Y S v 2 4 5 T, R A Sy
FAEAF ] B il A8 1 S AR A

TR IR A T AR5 M1 K VD SR AH G, 1857
FURTIAAR VD 2 AF 3 S R e 7 SR R n 4Ry
KPR EE F o, ST RAE, B 4 A0 DK Yt
FER B, v WAL B9 /K v b i e B ok i A
WA ACA R, B P 2T Bl a5 A
SIS TN TR S = N | I - R T R T e
2002—2023 4F- Bit kil V5 F,, B Pearson 3¢
FR, A R 5 I BE BT e i S R K R b
Jil| 588 22 [ P A DG I ST 24 4 5 A ) T el 22
THEMEKREAE n=5 Bk B 5K, WD B AT
F— i ] B AR DG R 8500 A 31 0. 85 (1 Rk
- p<0.01) 0. 84 (p<0. 01) , HERJHHT 5 4FF 147K
TR RISRE F,, RAEAFTE BRI 41,
2.1.2 FHRRIHFREL KT EHGX F

HEST Fy, S0 DT W B Bk bl VoY



b/ A b

‘JIE‘?;%“LDT%?WBE
I T
oS Qmﬁn : | 0=0+0 _
: _:_,QS3:Q51+Q52 Fy
—!_> : _S‘S:QS3/Q3
: I
0, Oy, WIAAIL
S: Ry

H:Q,.Q, Qs 43R B3l T WAL L3R AR g4 i
15 Qg Qs Qss 7350 TR IR AGL JE3 H R i
38, .S, .Sy AR LT VAL LR AR A v i
Foy Fro JFig S350 BT 0 B E 3 AR 0 K 5 ok
il 568 B

B4 CRAKDIRREE
Fig.4 Schematic diagram of water and sediment

transport process at confluence
PRIAIOC ZR 2, S i Be 223 i ) 5 R P 3 11
T BOK Vb 2 A J i B, 23k 0h
V=aFi, (2)
Ao WEREGB MR, o BETARLMER/N
e I, DA =0 T 7 iz TS W58 Be R o]
THEAE S AR 14 5% 227 J7 B/ N 5 TRGE REL(R?)
AL BB 8 i AR L [ 7 5 5E
H T REX KI5 WA AT K YR H
R iRTRE- U PO iy R A IR Ecthvate o Wk 1
TE ALK G 5 B2 R0 T T Be 2 il
AR A
V=a1f€}11 + azFl;zlz (3)
A Fy, Fa 700 H B0 HE ALY
i 5 AR EDKO el 3R ) v, I REGB, B, A
BRI (3) St it 2K U e il 55 5 5 9T B i
KRR SR (2) —B 7EHE B, B, NIRHIH S B
(B AR, 78 B=0. 25 LN AL,
2.2 SEEAHEAE
PR I 1 ) LA i B r iz B 2R 5 PER R i)
ASAY I3k S 224 AH EL DG PR 3R A 57 BT, DT
LA B A R A e R R R« AR A
FE AU R AE R ET Tl R U R R
AORE, T3 O A5 SR8 Bl ) PR ) e X L A%
G RS & 5 45 R S AR sl /Y L i), 153 31 4%
IR TR AR SOR DR A3l 15 iR
S PR AR S0 B 45 ) 1 — sy Be 223 i il
BERI TR, 2 (3) I o, Fyl, RIS 00 o, P,
IR LR R KR D S O el el i (V) A
WIREK YD AT S sk B (V) ST VLV,
5 VAR, B350 00 B3 T iR A ie AL
XL F T ] B ) A SRR

3 ERESW

3.1 SEAESNCIEIGTR SRR TEER

Tl B WA, 38U B 8 i i 5 1 VD i i
ARk L B L 3l ) S B RS AR T AR Y
S - W3t 5 3R B 0L 22 ] ) 30] B K 2 80 km, 33X — 0]
BT PR i) 1,25 5 i E A IRDUIT B ) S v
2 BT B R B AN, 2002—2023 AT
ORISR EE 25 0. 13 42 m®/a, BRASRE 338843 w2 4y
BV H T O H 25 v R i 5 i AR
AN SRR TE J5 225 B v AT R R AT IR
SRR XS R VT B Y 1 v R B S

B K S A IR BE AT R IE Y 30 km,
AR W DR YT 5 3 2 i) 1 A K ST L
SRR (2 ) AT 2 A 3 0T B 5 Fp A 3
P, FEF 2002—2023 A A S0 FERL, BT RAS 20
SRDURTBE H Y H S K R R
Lol S AT T L, 5 R 5 B, S5 R 0,

7
6_
= 5f
T4l
5 3
2
& 2r
=
1 1  § K B 1 J
0 1 2 3 4 5 6 7
SEMAE /7 mls)
(a) Jite
1.8
1.5} .
E 12} «
E s =
< 09} "y
o SRS
@ 06F  A%9s° r=0.872
= ° p<0.01
03} &
1 1 1 1 1 J
0 03 06 09 12 15 1.8
SEIAE /(kg/m?)
(b) &b
90
75+
3/
= 60 .
gﬂj 45+ <
= 30t % r=0972
u’g p<0.01
15+ -
&

0 15 30 45 60 75 90
SEME
(e ) 7KL B
5 WUARITERE QW E KR RIEE
521l uh SEMEX b
Fig.5 Comparison of calculated discharge, sediment
concentration, and flow erosion intensity of Chenghan

Reach with measured values at Luoshan Station

- 15 -



T BV K R SR B Y AH O 3R B
0.993(p<0.01) .0.872(p<0.01) .0.972(p<0.01)
SR HBCXTREA ¢ K50 AT 345 31 1) 5 U0 FIK i
PR i 5 R L3 S DA ) 2 5 A R R TR T
BEZES(p>0. 1) , BOTHAT 2 1 7 v &t 58 S W
DURT B Ay 3o AR 5 1 Mo R0l 5 L B o sl S 9%
RHESEAF RN Fy, A8 R BSRIGR B K D444

HR A =0 T2 F S 3800 B 52 B o i A5 B
FEMINX(2)F a=-24 B=1.91, F B IR il
et B 5 I I R SR R S TR A DG OG R BN K A
R 3 A, Yl DR il B, B A R A
BRI L S, RS R S MEZ M1 R =
0.90, M (2) MIT R L5 5 90k Bt il & 75F
BChy T A X RE S S e = TRRE AT 5 3
B PR AR o A2 PR TR T R 8 AT Y
o, R EREIR(3) o, =-49 8,=2. 16,
o, =-89 B,=1.84 1K 6 Jy=X (3) IR B 2
Thofl 5 ST T2 SRS S 2 R Y
R*=0.92, A] WL (3) THAAS B TR i 5 1 iz 91
L[R2 T (83050 B SR 11 5 5 B )

RSB
6~
5 o ';’HW'J{E 2 of® o
& gy K=092 o a
S af
i)
2
~ L o
= 2
B |
o ] a
0 i 0, L 1 1 1 1 |
2002 2005 2008 2011 2014 2017 2020 2023

A
Be X (3)IHEMBITRRITHRIESIAELL
Fig. 6 Comparison of cumulative scour volumes

calculated by Eq. (3) with measured values for
Chenghan Reach

2002—2023 AT Bz 1 ST 223wl B 24
5.14¢m’, WX (3) FH—IiH A 2 TNk K
K Vb T R AR B Bt wphil 25 4. 6 fC m® 5
TGRS S0 B W0 A v A5 RS R 3RS T B SR 3 1o
W2y 0.2 42 m*, &7 Sy b T 3 AR BE AL
XPIRILTAT Bt SR 3+ il 22t 5% Wie) 49 BT R 32, AT DL ) Jgz 70
XT3 0T B 223t kil 2 1) TR Rl 3. 3% ~
87.4%,

3.2 EBPAMANICITH O—XKi@ e Rl 2R FTak R

AL G ) 0 —GaE M B i 5 & v
S 3E A LT R 1 B ST TR R L
11 22 8] B ] BE K 24 30 km, 33— 0] B B4 3T R Al
323 5 MR HE A 10— K8 T BE 1) 5 v i (H % R 3

- 16 -

wAEMAGL @ EJ TR

—_
=
(=]

—

0
2003 2007 2011 2015 2019 2023

Bl
B 7 LEFTRiiEESNCIETR Rt R 2
R NTH ST

Fig.7 Contribution rate of impact of upstream main
stream and inflow of Dongting Lake on cumulative

erosion of Chenghan Reach

I B R B AN, 2002—2023 4F Y- 247 i
JE20. 09 412 m*/a, RIAEAE 3843 1 ] i 7 530 28]
b OO B i 1A v s s e AR /N S AT
BB TR JS B2 53 B v B AN 85 43T DR ool Xof 32 A
T 11—l ] B 5 VD B s

HR A =g TR iz FH e il 1 — K3 ] BB S i it
Bin, FEMHR(2) T a=-6 8=1.94,i15H 2,
LSER) R*=0.95, 0] WL (2) IS 210 Bt
kil i 5 S PREOLAT A AT, R 1A e
S M =gk TR 32 47 R 51—k i) B B i
B, NP R IR I 0 BT 11— o]
B Rt vk 5 152 ), i — 2P R AR 3 (3)
a,=-9 3,=2.03.a,=-88 3,=2.18, K8 I (3)
TR O — I ] B 2 o i 5 S E X L
SRS E Z [ /9 R*=0. 94, 7] WL 2% & T3
K5 9805 BH T A [) 52 i 14 ) 1 — K3 v B 21t
o 5 S E V) A B

8-
o SEE

& 6F HEE .

L:_] R=0.94

E 4

=

£

=2k

Bk

Ot—e= I I I I 1 I 1
2002 2005 2008 2011 2014 2017 2020 2023
4 fy

B8 X(3)HEMMO—XEBARRITHRESSSIER
Fig. 8 Comparison of cumulative scour volumes
calculated by Eq. (3) with measured values for

Hukou-Datong Reach

2002—2023 4F- i 11— K3 o7 BE 4 S 231 e
R 6.6 42 m®, H(3) PEE—IHES 2] Lif
T BER /K e Vb 5 72 1) 11— K38 T B i) B ol 24
5.4 42 m®, BER IR TS 2 %6 BH K v B
WA —JaE T B Rt el 2 1.0 /2 m*, B9



3T S 2R B A X 9 11— K il B s
R Y BTk R, T BN s, & 2003—
2006 4F 2007—2011 4F 2012—2016 4F: 4 57 fik 2 )
st BEA) A BRI DL 280 PH A AT %o i 1 — K
B At vl B Y DTSR N 6. 6% ~19. 7%,
FIMAIL w FWFRORm
7

0 i

5
2
2003 2007 2011 2015 2019 2023
0
B9 LEiETRmEEMNICHO—XETRR
T iR B 2 Y STk R

Fig.9 Contribution rate of impact of upstream main

jo]
S W (=]

wn

stream and inflow of Poyang Lake on cumulative erosion of
Hukou-Datong Reach

Tt AR 5K (3) 4351 A T 380 TmT B gl
H—JGE B, SR EL R o, MERKK,
X F B i TR -5 AT B K i 5 BE AN
[ E, X FIROCm B, E T R RN A
I Fy,, FFg, BZARAETEE 5350 4. 0~23.9 F1 4. 6~
24. 6, BUEAIL ; Xt 159 0 — i T B, b 3 i ok
TOATES B AL Fy, A Fy, 09784038 B4 51k
33.5~72.6 Fl 1. 1~7. 6, MHEB K, #ESEFRE T
R 2 Ry FF, BECRSURR A ST
ATAE R A3 I L | 74 B T S b X3 5 {1 A0 S0 £
PEATHLA AT WL ST I s U HA — e B
3.3 SEMSH

BB Ly 7K Sk 1 I B Y O 1 A0, RE L
WAL S KIS, ik — 20T A SCH i 2
KGN R E AL S 55— AR LU T A
I 22 T80 AT S 7K b A4t 4 L 3T B 1) 7K 7>
FAEXFE(2) HEATSBORE  4 Z4HR TR L K S
Sl P S K U AR T AR B IR Bt 1) K VD A Ak
K (2) AT SHCRE, ST LUK &AM, THR IR
DU B F 7K 3 iP5 B AR AR B L 30 Ry 8.7 ~27.9
F19.5~32.6, AR ; RO Be iy 7K i i il 58 52
TR T 1.8 5547, S et W21
SR IR BEIN AT A AR XY, T AL SR
I3 E RS EUE, P (2) TS B B
1) 2002—2023 4735 2t wp il & 535108 5. 12 12,
5.07 42 m*, B 10 IPAHEM T (2) TR AN
T B 2w S AR A SE R R 43
90.92 F10. 91, A HE BE Y e . AT DL A Y
IKUBZAE ST 2N K VD SR 5 BE e v b 2 T

ST B i) i) A PRI AR B ITE ATE R
T Y] B il o 5 e B A 5 Tl DR TR
KD A AT

o SME  —— THEE

Rt kil ALm?®

6
5
4
3 -
2
1
a
0 o, L L 1 L L )
2002 2005 2008 2011 2014 2017 2020 2023
iy
(a) Hi—24

Sl T |
o,

2002 2005 2008 2011 2014 2017 2020 2023

Zituihili/AZm?
o - N W A U &

A
(b) 55—
B 10 WmAEGFETR(2)HEMNENTERITHEES
LA b

Fig. 10 Comparison between cumulative erosion amount
of Chenghan Reach calculated by Eq. (2) and measured

values under two condition sets
4 & it

a. BEXHR T AR R iR G 3L T B S i O — K
B, FENT. T 2 RE IR e ) R0 7R I 9 AT S i g el B
St bR A S, LART 5 424 2K 0 w5k
FAEAKYD S5, AR ) B3R DU BE 5051 11— K
B BT Pl a5 IS EZ B0 R 43518 0.92 5
0.94,

b. =Wk T.FEiz H )5, 2002—2023 4 35 35 T B,
T O —JC A8 T B B2t b B 2 5.1 42,
6.6 12 m*, WU BETE 2002—2005 4F il 5]
SRR 0.7 42 m?, 5 & 7K LA B &
14% ;2005—2012 4F v il & A /N, 31 ob il 52
0.512 m®, i E K LLSK Bvh il & i 10932012 4E 22
Je i S R BT eh il A 3.9 42 m?, EK
DIk S il 5 1 76% i) 11—k 3 ] B A 5
i3 45 184 R f0) A e 2002—2012 4F i) 5 3 4 55
SN 1.5 42 m?, i E& K LUK ] 2 1
23%;2013—2023 4F Rt mikil ik 5. 1 {2 m’, 5 E
TR VISR B il 52 1 77 %

c. P A XHT 3 0 R i Bk v &4
FEH,2002—2023 A E K V0 AL 51 A 3L

. 17 .



B Rt il 4 0.2 42 m® BRI KD ANCE ]
W — W By R 2 1.0 42 m® R E
LA X 305 B oo fl B B4 SRR R N 3. 3% ~
87. 4% , B P AR ) 15 —KC 3 ¥l B oo ] 2 57 ik
R 6.6%~19.7%,

S Xk

(1]

(2]

(3]

[4]

(5]

[6]

(7]

(8]

(9]

Xia Junqgiang, Zhou Meirong, Lin Fenfen, et al. Variation
in reach-scale bankfull discharge of the Jingjiang Reach
undergoing upstream and downstream boundary controls
[J]. Journal of Hydrology,2017,547 ;534-543.

2SR BRI PN AR 55 =K PR TR IR vl 5
KA [T ]. K K274, 2021, 40 (4) < 1-13. (Li
Yitian, Xue Juli, Sun Zhaohua, et al. Channel degradation
and river stage variations in reaches downstream of Three
[J].
Engineering,2021,40(4) :1-13. (in Chinese) )

WA, A, A, = T AR E R Y Y
PER[T]. FE KA, 2023 (19) :10-16. ( Hu Chunhong,
Fang Chunming, Shi

Gorges Reservoir Journal of Hydroelectric

Hongling. Recent progress in
sediment research of the Three Gorges Project[ J]. China
Water Resources,2023(19) :10-16. (in Chinese) )
BACF, =B AT S S TREKDCERKILS
TEEENC W R R ARG [T]. K &%k, 2013, 32
(5) :48-57. ( Mao Beiping, Wu Zhongming, Mei Junya, et
al. Confluence relationship changes of Yangtze River and
Dongting Lake since impoundment of Three Gorges project
[J]. Journal of Hydroelectric Engineering,2013,32(5) ;
48-57. (in Chinese) )

KA T e BRAS A5 FRITL T B I A8 A o ) J22 1)
IRICHES AR [ 1] KRR, 2022,38(6) - 71-80.
( Zhang Dongdong, Dai Minglong, Chen Xi, et al.
Influences of topographical change of Jingjiang reach on
hydrological situation of Dongting Lake [ J ]. Water
Resources Protection,2022,38(6) :71-80. (in Chinese) )
Zhu Boyuan, Qin Jianhao,Li Yitian,et al. Impact of water-
sediment diversion and afflux on erosion-deposition in the
Luoshan-Hankou reach,middle Yangtze River,ChinalJ].
Journal of Hydrology,2022,612.128110.

Zhou Meirong, Xia Jungiang, Cheng Yifei, et al. Long-
distance recovery of nonuniform suspended load in the
Middle Yangtze River owing to upstream damming[ J].
Journal of Hydrology,2023,626:130263.

Deng Shanshan, Xia Jungiang, Zhou Yueyao, et al.
Prediction and early-warning of bank erosion in the Middle
Yangtze River,China[ J]. CATENA,2024,242.108105.
RIGFE WREIM 52 fty, S5 1 JE 1) 11380 389 e V> e YR
i K = e /K PR HLRE R [ )], K Bl 2% Bk Ji, 2014, 25
(3) :348-357. (Zhu Lingling, Chen Jianchi, Yuan Jing, et

al. Sediment erosion and deposition in two lakes connected

- 18 -

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

with the middle Yangtze River and the impact of Three
Gorges Reservoir[ J |. Advances in Water Science, 2014,
25(3) :348-357. (in Chinese) )

TRAA IR it , 5. =k R R K TR ez 3 i
A [T ], KBEEHERE, 2019,30(5) : 613-622.
(Zhang Dongdong, Dai Minglong, Xu Gaohong, et al.
Research on change of the outflow of Dongting Lake during
the refill period of the Three Gorges Reservoir [ J ].
Advances in Water Science,2019,30(5) :613-622. (in
Chinese) )

PR JE 2% o 45 YLK VR RS 5 1 T b i
R RIOCR [J]. KR4, 2021,52(5) :521-534.
(Sun Zhaohua, Zhou Weixing, Zhou Kun, et al.
Relationship between the characteristics of water-sediment
transportation in river-lake system and the channel forming
discharge of the middle and lower Yangtze River [ J].
Journal of Hydraulic Engineering,2021,52(5) :521-534.
(in Chinese) )

Lai X, Yin D, Finlayson B L, et al. Will river erosion below
the Three Gorges Dam stop in the middle Yangtze? [J].
Journal of Hydrology,2017,554.24-31.

AL 2020 4F B FH 0 HE K LS S )] K B R AR
$7,2021,37(6) :7-12. (Lei Sheng. Review and reflection
on Poyang Lake flood in 2020 [ J]. Water Resources
Protection,2021,37(6) :7-12. (in Chinese) )

TiEW R, 2L, B A OK B Vb RE 1S
HIV R OC 2R Bnp IR [T ] KA1, 2023, 54
(8):997-1004. ( Fang Chunming, Guan Jianzhao, Shi
Hongling. Relationship  between sediment  transport
capacity of the Poyang Lake channel and sediment out of
the lake and adjustment [ J ]. Journal of Hydraulic
Engineering,2023,54(8) :997-1004. (in Chinese) )
SRR, B0 AT, A5 B PH I K S S T R K
X1 RILR A BE B4l , 2021, 38 (6) :27-31. (Guo
Zhentian, Huang Feng, Cuo Lidan, et al. Causes and
countermeasures of hydrological regime evolution in
Poyang Lake [ J]. Journal of Yangtze River Scientific
Research Institute,2021,38(6) :27-31. (in Chinese) )
Wang Bo, Xu Y J. Decadal and episodic changes in
morphology and migration of the confluence bar of two
alluvial rivers in Louisiana, USA [ J ]. Journal of the
American Water Resources Association, 2020, 56 (4) .
615-629.

Yuan Saiyu,Zhu Yungiang, Tang Hongweu, et al. Planform
evolution and hydrodynamics near the multi-channel
confluence between the Yarlung Zangbo River and the
delta of the Niyang River[ J]. Geomorphology,2022,402 .
108157.

Zhou Weixing, Sun Zhaohua, Yang Zhonghua, et al.
Confluence effects of Dongting Lake in the middle Yangtze

River: discontinuous fluvial processes and their driving



[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

mechanisms [ J ]. Water Resources Research, 2025, 61
(2) :e2024WR039030.

FWOT REFNEE FRIS 45, SIARUL 5 3 BH W v
B I A2 40 5 WOt SURFAE [ 1] D U WF 5T, 2018, 43
(3): 15-20. ( Wang Shuping, Cheng Heqin, Zheng
Shuwei, et al. Fluvial processes and micro-topography
characteristics in the Yangtze River and Poyang Lake
confluence in recent years [ J ]. Journal of Sediment
Research,2018,43(3) :15-20. (in Chinese) )

Gualtieri C, lanniruberto M, Filizola N. On the mixing of
rivers with a difference in density: the case of the Negro/
Solimdes confluence, Brazil [ J]. Journal of Hydrology,
2019,578.124029.

Horna-Munoz D, Constantinescu G, Rhoads B, et al.
Density effects at a concordant bed natural river
confluence[ J ]. Water Resources Research,2020,56(4) :
€2019WR026217.

ROHERS , o B R A U AL 5 N a8
BH A Vi A 8 7K 0 A2 A B AR 32 43 A [0 . K B AR
P1,2025, 41 (6): 113-122. ( Zhao Ya’ nan, Huang
Guoxian, Tong Sichen, et al. Analysis of contribution rates
of climate change and human activities to changes in
runoff and sediment inflow into lake in the Poyang Lake
Basin[ J ]. Water Resources Protection,2025,41(6) :113-
122. (in Chinese) )

Xia Jungiang, Deng Shanshan, Lu Jinyou, et al. Dynamic
channel adjustments in the Jingjiang Reach of the Middle
Yangtze River[ J]. Scientific Reports,2016,6( 1) :22802.
Zhou Yueyao, Xia Jungiang, Deng Shanshan, et al. Bank
erosion under the impacts of hydraulic erosion, river stage
change and revetment protection in the Middle Yangtze
River[ J ]. Geomorphology 2024 ,448 . 109043.

R T H AR R AR, AR TN S AR TRIBIK U 45 0
B R WA R B R RE T r s [ ] KRR R
2024,35(4) :617-628. ( Cao Yuqin, Xia Jungiang, Zhou
Meirong, et al. Effects of flood and non-flood flow and
sediment regimes on the flood discharge capacity of
different reaches in the Lower Yellow River[ J]. Advances
in Water Science,2024,35(4) :617-628. (in Chinese) )
Wen Zhichao, Lu Jun, Wan Zhanwei, et al. Thalweg
migration under the collaborative changes in the hydro-
sediment regime and erosion base level in the
Xiaobeiganliu reach of the Middle Yellow River [ J].
Journal of Geographical Sciences, 2025, 35 (7): 1516-
1532.

Guo Leicheng, Su Ni, Zhu Chunyan, et al. How have the
river discharges and sediment loads changed in the

Changjiang River Basin downstream of the three gorges

dam? [J]. Journal of Hydrology,2018,560;259-274.

(28]

(29]

[30]

[31]

(32]

PR, RORAE MR AR . A AR 3 o oA i 7010 56 %
BB IR [J]. KA 241, 2015, 46 (7) : 757-764.
(Fei Xiangjun, Wu Baosheng, Fu Xudong. Equilibrium
sediment transport relation and sediment carrying capacity
of two-phase heterogeneous flows[ J]. Journal of Hydraulic
Engineering,2015,46(7) :757-764. (in Chinese) )
FAR ) B S, B HYD T R vk A
BN RL A [T ]. AN B, 2023,45(9) < 12-17,
(Xia Jungiang, Ge Xiangyang, Zhou Meirong. Method for
calculating the reach-scale sediment transport capacity and
its application in the lower Yellow River [ J]. Yellow
River,2023,45(9) :12-17. (in Chinese) )
Wu R B, Yang J C. An analytical method of stage-fall-
discharge rating [ J ]. Hydrological Processes, 2008, 22
(16) :2959-2973.
Heydari S, Tainio M, Woodcock J, et al. Estimating traffic
contribution to particulate matter concentration in urban
areas using a multilevel Bayesian meta-regression
approach [ J ]. Environment International, 2020, 141.
105800.
EPCH KA SEG , 45, 1985—2020 4R HTHEILTFUK
TR A2 R A SR D e B [0 ] KR 24 41, 2023, 54
(4) :451-460. ( Wang Qingming,Zhang Yue,Dou Peng, et
al. Evolution law of water surface area in the Beijing-
Tianjin-Hebei plain from 1985 to 2020 [ J]. Journal of
Hydraulic Engineering, 2023, 54 ( 4 ). 451-460. ( in
Chinese) )

(R H 992025 -08 -03 4l £35)

i

e

——
-

]

BEH

.19 .



