H20555 2
20234E4 A

KOVEBEBIXZFZR(EABFR)

Journal of Changsha University of Science & Technology (Natural Science)

Vol.20 No.2
Apr. 2023

DOI:10.19951/j.¢nki.1672-9331.20220517001

NEHES:1672-9331(2023)02-0055-15

Sl A& Bele S, B, IE A, 25 3 WA VD B B T AR A S IR 3 DR A4 [0 ] AR UV BE TR 4 (SR BRF AR , 2023,20(2) : 55-69.
Citation: LONG Yuannan, LYU Qian, YAN Shixiong, et al. Analyses of evolution characteristics and driving factors of water and sediment in
Dongting Lake at different stages[J ].J Changsha Univ Sci Tech (Nat Sci),2023,20(2) : 55-69.

B FE A 7K b B B 1 TR TR AR A IR BN [E 3R S A

Pz 3 02, SAF 2 E AR R B
(LKIPFET R KHSFREE TR B, Wi K1 410114;

2RUHT R A EE KIS TS A B Wk A A RS, Wi KUY 410114)

& [ B8 Ll o AR B ) = AR I DR IO [ e KA AR A B L WF 5 L 5 AR v R R v R 2 R Y
AR JE 2 5 45 G /KR TR U 1 00, 408 98 N 2T Bl ki) 2 1801 7K v 28 Ak iy 5 i o [ 7 3 135 1 e ) s Al 3=
B 1961—2017 4E 52 7K Y0503 , SR FH Mann-Kendall #5692 K Pettitt 28 725 4 56 125 23 Iof B 43-Ar 1) 22 1) 11
AWK AR [ SR ] = DR R R R, = DR R R & LN e 1985 2247 K=
SR ZRAR . = LU R KA W, = A R B S R U e B T 1T (Y D R R R
K, Z AW D B A 1990 4T & A 0 25 28 7E 5 2) MUK AR 8 oA & 2B W AR Ak, {ELAT dy v RN A v
AR 1985 4F LU 52 0 8 0 A4 5 3) T BE W A ) A O R U KA g AT R D e A
AT T AR K v B ek /D R AR R, R AE 2008 4E LU, IR TP E L AR £ [ S8 ) R
B AR 2] = ek AR LA K DU K g i e R 1 A R i TR W K VD Ao AR A A AR RN .
o, SR R A AE AT A = O U SRS TR b 1 3 YR 43 O 0 i R R 90.0% LA 1o PUUK K VAR £k
2R A TR T R KRR S R I R

SRR A I 5 AR A A 5 i VD 5 BRI s KR TR

hESES TV213.4 XHEFRERD : A

[l

0 ®j

i) JE2 18 2 6 [ 5 — R IROK ), g 4
DU VUK ACHEAR G OROF R = R K A
IR WLV A VT, 2R VT B 4 7 e 32 2 A 7K IR
PR — AU BRI AR RS D TR E A
I AV UK (A R ) =4 1 K S/ B SR WS R TR s
7, K Vb AR A L B T B R R B
RISl JE ) K U R — R AT R AT S A
Mo ATAFR HH ST T 32 B DA AT B2 1) B £
X g PO K R = AR Y AT T A, A
LTIV SUNSS S E =k I e
JEIUI o3 A0 2705 e b, 55 10 2 v i T X9

Vb BOREARNST o BT IR JE T K T Y AR Y T2
UK B 7 KoK v AR A X i 1X 35 A8 il B e

JUAE 2238 TVE SO 2 WA 7K U AR AR AR A1 B 9K 5
JIETF R T M M 5 T U T — e R (H
BT Kb 45 A T e T g o 0 K VD B G HL AR A #
[i) FSf 65 A7 2 58 AN TR B = 10 U K K Vb A8 4k
B T JE T XK SR 0 A e AR AR BIR Bl ) B AR R
F o AWEIELL 1961—2017 453 B2 WA % e Y K
J 80 S50 R SR MR L 2R 45 Ml 43 AT T B 98 D K R
FUE = 0 AR AR I 1 AR A VD o 0 AR R AE R
SR DY KR kB A B A5 R S s L
B R U BE AR LS A, o B B 10 K VD Fr ki, 25 A
A W 3t R R % [R) £ K7 AR A HLAEE 0 S
JEE T DX A5 3 X6 7K Vb AR Ak g e 1 [T B SR TR

s B HA:2022-05-17; & [E] H #7:2022-06-01; # 5 H #§:2022-06-02

ES£WA W% A KRR AR BB H (52079010) 5 #1448 /K FIRHZ 5 H (XSKJ2019081-45) 5 ] B 45 5 A5 WF & 114
I H (20205K2130) ; K 01T H AR EL 4 % B0 H (kq2014103)

WIS 1EE [T (1994—) (ORCID : 0009-0000-0813-2276) , B , 7E L 1 W 5% A=, 32 B0 M 25 7Kk SC B K V8 T (1 F

9% . E-mail:1041747087@qq.com

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



56 koI XFFROEAHAFL®K) 202344 A
KSR TR KA LB, LIS B 0.
hy 3 A 5 4 45 45 92 T K R TR R B U A LA E (d,) 5772 D(d,) 53500
. Hal o — Y 1t N N [18-19] _
DAL FIIR VL= 11 9] 22 48 BRAR (LR 2 AR g o E(d,) = k(k4 1)’1 <hen (2)
E(kE-1)(2k+5
| BURRIE ST p(a)= FEZEEES) e 3)
FEI ] R 9 B HLA ST B BUE T L S S it
11 BUESEIR _di—E(d) ()
AT T T F YIRS 1k Ak S ) !

CORRL Sy PRVl B R Y A T3 ) = K S
CHryrml VWil ok e 5ol R E Rl E R
B3 ) 1961—2017 4F 52 K V% , IR FH 1985—
2014 45 (il e 48 KR 38 ) B (v L KR AT 56 ) v 1)
G o3 BT R T =T WA 1 K U T AR R A, Sk
V0B A U5 T I R 4 K SCK B IR S I e o K S
Sl A S LA 1R R

=451
> Kk
B UK E
A KIEE A

1R L e
Fig.1 A schematic map of Dongting Lake
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Fig.2 The annual runoff changes at the three tributaries
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Table 1 Multi-year average runoff and diverted flow ratio at the three tributaries
IR Ay G Ae m® | MEE AL m® | KPP AL’ | b EALm® | ZHEH L’ | S/ %
1961—1966 4482 524 231 670 1425 31.79
1967—1972 4217 442 185 387 1014 24.05
1973—1980 4358 425 165 245 835 19.16
1981—2002 4404 368 131 181 680 15.44
2003—2008 4077 292 94 110 496 12.17
2009—2017 4184 285 76 102 463 11.07
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Fig.3 Process curves for mutation test of annual runoff at

the three tributaries
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Table 2 Results of Pettitt’s test for annual, flood-period and

non-flood-period runoff at the three tributaries
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Table 3 Average runoff at different periods of the year at the three tributaries zm’
4—9 1 (G1IND) 10—3 J (AR
& RSy

NN KF-H RO ait | A KA ERAS] &1t
1961—1966 412 180 545 1137 113 51 127 291
1967—1972 357 148 335 840 86 37 53 176
1973—1980 351 134 219 704 75 27 27 129
1981—2002 315 116 168 599 53 15 13 81
2003—2008 257 83 103 443 36 11 7 54
2009—2017 254 72 97 423 32 5 5 42
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Table 4 Multi-year average sediment transport at the three tributaries 7t
A p | AN
AR =H5it
PO | VI | WRPESFEE | BRERRUE | RS
1961—1966 3683 1956 2459 986 11 098 20 182
1967—1972 3306 1501 2079 455 6 255 13 596
1973—1980 3397 1280 1922 213 4185 10 997
1981—2002 3142 972 1516 165 2 544 8339
2003—2008 537 163 190 21 355 1266
2009—2017 229 67 260 5 243 804
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Fig.5 Process curves for mutation test of annual sediment

transport at the three tributaries
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Table 5 Results of Pettitt’s test for annual, flood-period and

non-flood-period sediment transport at the three tributaries
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Table 6 Average sediment transport at different periods of the year at the three tributaries 7t
4—9 J1 GRAD) 10—3 J1 (4RI
1R AR : -
A A PN s ERAn &Hit FAlE 1 KF-H L &t
1961—1966 5116 2198 11131 18 445 535 267 981 1783
1967—1972 4388 1874 6228 12 490 430 210 498 1138
1973—1980 4309 1762 4199 10 270 378 164 211 753
1981—2002 3878 1426 2 641 7945 245 94 76 415
2003—2008 684 185 373 1242 17 5 5 27
2009—2017 293 249 226 768 4 12 23 39
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Fig. 6 Process curves for mutation test of sediment transport

in flood and non-flood periods at the three tributaries
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Table 7 Days of runoff cutoff in one year at the control

station of the three tributaries d

TR Il Rl
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Fig. 7 Stage-discharge relationship at the three tributaries
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Fig. 8 Annual runoff changes of the four major rivers

flowing into Dongting Lake
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Table 8 Results of Pettitt’s test of annual, flood-period and
non-flood-period runoff for the four major rivers flowing into

Dongting Lake

pk | npw | O gy | B
K, KV

4 232 1991 0.36

WL | W 198 1991 0.57
B[R] 300 1980 0.11

G 168 2002 0.81

oK | TR 162 1977 0.87
B[R] 248 1980 0.28

G 134 2013 1.13

RUTIRA W L 146 1980 1.01
E[SN 218 1988 0.44

G 92 1983 1.53

b ¥ 160 2004 0.89
B[R] 382 1999 0.02

4 138 1992 1.09

aitko| 128 2003 1.19
B[R] 294 1988/1989 0.13
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9 2Rl D A VE K i U R AR 1975 AT Z I SR 3
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AR EAE o UK AT A U 1 AR A R A A
VLA —F, 1985 4 Z A Vb w3 fin , 1985 4F 2
Je B D AR 1995 4F K Al B SR

MAEE 10 7T LA Y, U K TR 4 v o 19 78 £k A1
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Fig. 9 Process curves for mutation test of annual sediment
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Fig. 10  Process curves for mutation test of sediment
transport in flood-period and non-flood-period for the four
major rivers flowing into Dongting Lake
DU K AR TR BRI a0 £ (9 Pettitt 345 R A8
g 45 R I 9. a9 nl i, DU K B4R TR
R AR T i 0 1 34 A W 98 (P<0.05) , X 5
M-K %45 8 45 A —3
RO WK R AR R b2 F G Pettitt A Bo 25 R
Table 9 Pettitt's test results for annual, flood-period and
non-flood-period sediment transport for the four major rivers

flowing into Dongting Lake

k| o sk, | gemseg | o
' K

A 516 1985/1986 | 4.16x107*
WL I 558 1986 9.90x10°°
AR 358 1998 3.38x1072
A 596 1999 2.45x107°
Bk I 564 1999 7.99x107°
AR 598 1994 2.27x107°
A 730 1996 8.55x107°
bTRAN A 722 1996 1.24x1077
AR 736 1994 6.46x107*
A 596 1991 2.45x107°
Tk T 596 1998 2.45x107°
AR 520 1990/1993 3.65x107
A 714 1984 1.78x1077
At I 782 1984 7.79%1078
AR 512 1998 4.74x107
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Table 10 Pettitt’s test results for water and sand entering

and leaving Dongting Lake
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3 i
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Analyses of evolution characteristics and driving factors of water
and sediment in Dongting Lake at different stages

LONG Yuannan"*,LYU Qian"*,YAN Shixiong"?,LIU Yizhuang'?

(1.School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2.Key Laboratory of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha University of
Science & Technology, Changsha 410114, China)

Abstract: [Purposes] There are three tributaries connecting the Dongting Lake and the Yangtze River. The water
and sediment status were measured at five hydrologic gauge stations along the three tributaries, i.e., the
Xinjiangkou, Shadaoguan, Mituosi, Kangjiagang, and Guanjiapu station. This study investigated the days of
occurrence of runoff cutoff and change of streamflow and water level at the five hydrologic gauge stations, and their
interrelationship with runoff and sediment transport. This study also investigated the impact of human activities on
the changes of water and sediment in Dongting Lake in conjunction with the construction of water conservancy
projects. [Methods] Based on the measured water and sediment data from 1961 to 2017 at the main control stations
at the inlet and outlet of Dongting Lake, the Mann-Kendall test and the Pettitt mutation test were used to analyze
the evolution characteristics of water and sediment flowing into and out of Dongting Lake during different periods.
[Findings] 1) The average annual diverted flow at five hydrologic gauge stations continued to decrease. The annual
total runoff and the runoff during the flooding period at the five hydrologic gauge stations changed abruptly in 1985.
The water level at the five hydrologic gauge stations raised significantly, and the amount of sediment at the five
hydrologic gauge stations decreased along with the reduction of the diverted flow. The most remarkable decrease of
sediment occurred at the Ouchikou, and the total amount of sediment transported into the lake at the five
hydrologic gauge stations had a significant abrupt change in 1990. 2) Although the runoff of the four major rivers
flowing into the Dongting Lake did not change significantly, both the annual sand sediment transport and the
amount of sediment transported during the flooding season decreased significantly after 1985; 3) The total runoff
flowing into and out of Dongting Lake exhibited a decrease trend. The annual sediment flowing into and out of the
lake exhibited a decrease trend. The decreasing rate of the annual sediment flowing out of Dongting Lake is
relatively slow. Specially, the sediment flowing out of Dongting Lake is larger than that flowing into Dongting Lake
after 2008. [Conclusions] The lower Jingjiang River meander cut-off Gezhouba hydropower complex, Three
Gorges Project and the control project constructed for the four major rivers flowing into the Dongting Lake are the
main causes for the change of water and sediment process of the Dongting Lake. Among them, the operation of
Three Gorges Reservoir led to 90.0% decrease of the diverted sediment at the five hydrologic gauge stations and the
diverted flow at the Mituosi, Kangjiagang, and Guanjiapu station. The changes of water and sediment in the four
major rivers flowing into the Dongting Lake were more strongly influenced by the large- and medium-sized
reservoirs constructed in Hunan Province.

Key words: Dongting Lake; runoff; sediment transport; evolution characteristic; hydraulic engineering
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