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Variations in water diversion at three outlets to Lake Dongting from Jingjiang River based
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Abstract: Over the past 70 years, the water diversion at the three outlets of the Jingjiang River has been continuously decreasing.
In order to investigate the driving factors at different historical stages, this study used the measured hydrological data of the hydrolo-
gy and topographic features of the mainstream and tributaries from 1955 to 2021, and identified the contributions of the factors

based on the variable control approach. The results showed that the water diversion had gradually decreased, and the decrease had
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mainly occurred from May to November. The decrease in water diversion was greatly aggravated by the reduced mainstream inflow
due to the decrease in precipitation in the upper Yangtze, and the erosion of the mainstream bed and deposition at the three outlets
caused by the dam projects in the lower Jingjiang River and the sediment trap in the Gezhouba. However, the Tiaoxiankou dam had
little effect on water diversion. Since the damming of the Three Gorges Reservoir (TGR) , the mainstream and the three tributaries
had experienced synchronous riverbed erosion, resulting in an imperceptible change in water diversion. The reduction in rainfall
had been concentrated in the rainy season, which had had a major impact on the reduction in water diversion from May to Novem-
ber. Meanwhile, water diversion was mainly concentrated in the rainy season when the mainstream was at flood level, resulting in a
large decrease in water diversion from May to November, while the Lower Jingjiang Cutoff Projects triggered a large lowering of the
mainstream riverbed. In addition, the operation of Gezhouba, the initial damming of TGR and the experimental damming of TGR
were mainly carried out from May to November, reducing water diversion by 0.4x10% m? | 12.5%10% m® and 38.6x10% m*, respec-
tively. The enabling effect of the Tiaoxiaokou dam on water diversion was far less than the constraining effect of rainfall reduction,
resulting in a negative contribution ratio for the dam. In comparison, the contribution ratio of the lower Jingjiang dam projects
reached 85%. In the post-dam period, precipitation dominated water diversion reduction with a contribution ratio of more than
50% , while Gezhouba operation hardly played a role and its downstream riverbed adjustment produced a contribution ratio of 21% .
During the initial and experimental damming of the TGR, the contribution ratios of its operation increased to 7% and 23% , respec-
tively, while those of its downstream riverbed adjustment were 10% and 19%. As the precipitation decline in the upper Yangtze will
continue at least until the end of this century, the annual water diversion will show a long-term downward trend, while the water di-
version at a given mainstream flow will change little due to synchronous riverbed erosion between the mainstream and the three out-
lets.

Keywords: Jingjiang River; three outlets; water diversion change; driving factor; contribution ratio; Lake Dongting
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Fig.1 Connection between Jingjiang River and Lake Dongting,

and locations of water conservancy projects and hydrological stations
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Fig.2 Stage change in water diversion volume (a) and ratio (b) at the three outlets
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Tab.1 Monthly water diversion volume and ratio at the three outlets for each stage

SR/ (x10% m?) Sy %
ABY 1955—  1959— 1967— 1981— 2003— 2009— 1955— 1959— 1967— 1981— 2003— 2009—
1958 4F 1966 4F 1980 4F 2002 4F 2008 4F 2021 4F 1958 4F 1966 4F 1980 4F 2002 4F 2008 4F 2021 4F

1 4.2 3.2 2.2 2.6 0.1 2.5 3.8 2.9 2.0 2.1 0.0 1.3
2 2.2 1.4 3.3 7.3 0.0 1.7 2.3 1.4 3.6 2.2 0.0 0.9
3 3.2 5.0 5.7 6.5 0.1 2.9 3.0 4.1 4.8 3.3 0.1 1.5
4 15.9 18.8 17.6 10.6 3.8 9.0 9.8 11.0 9.3 6.0 2.0 3.6
5 73.3 66.1 60.1 27.8 17.3 30.1 22.5 21.6 17.0 9.3 6.0 8.3
6 161.3 129.4 110.5 71.8 59.0 61.0 34.0 28.3 21.9 15.0 13.3 13.0
7 352.3 286.8 204.2 192.0 127.0 143.5 42.6 36.9 27.4 21.9 18.5 20.0
8 338.5 263.4 171.4 158.1 110.6 114.2 43.5 36.0 25.4 20.8 18.1 17.9
9 216.0 259.8 166.1 128.4 114.8 79.4 38.2 36.2 24.8 19.4 18.4 15.0
10 122.7 167.1 107.9 51.9 21.9 31.0 30.4 32.1 21.3 10.9 6.2 8.7
11 49.9 63.7 30.0 10.5 11.1 9.7 22.1 21.9 11.4 4.1 4.6 3.8
12 13.3 15.6 7.2 1.2 0.6 2.3 8.5 9.6 3.8 0.7 0.4 1.0
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Fig.3 Variation in yearly precipitation of upper Yangtze, yearly water discharge

at Zhicheng station and yearly water diversion volume at the three outlets
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Fig.4 Erosion-deposition at Jingjiang River and the three outlets
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Fig.6 Fitting curve of monthly discharges between the three outlets and Zhicheng station

at each stage before reservoir operation
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Tab.2 Contribution ratios of the driving factors on water diversion at the three outlets
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Appendix Tab. I Influence of Gezhouba operation on water diversion at the three outlets

B 18 IR X = 1 3 R R

A QO sem O ri O wp Oz q'sem q e qxm-q s
/ (m3/s) / (m3/s) / (m3/s) / (m3/s) / (m3/s) / (m3/s) / (m3/s)
1 4593 4513 4478 4628 0 0 0
2 4245 4076 4040 4281 0 0 0
3 4718 4659 4618 4759 0 0 0
4 6624 6697 6700 6621 229 229 0
5 11654 11165 11458 11361 1089 1033 56
6 19595 18972 19230 19337 2858 2793 65
7 33970 33295 33014 34251 7344 7448 -104
8 29345 29118 29085 29378 5720 5731 -11
9 22370 22375 22301 22444 3595 3616 =21
10 15472 15341 15374 15439 1877 1869 8
11 9748 9854 9809 9793 739 747 -8
12 5721 5769 5730 5760 96 102 -6
B 11 =8 A ZE T A 5 A U R B 5k = 11 43 J s i
Appendix Tab. II Influence of initial operation of TGR on water diversion at the three outlets
R N ~ QO sem O e O w Oz q'sem q e qxm-q s
VLR B A / (m3/s) / (m3/s) / (m3/s) / (m3/s) / (m3/s) / (m3/s) / (m3/s)
12 5954 5623 5577 6000 12 18 -6
1 4888 4595 4509 4974 0 0 0
N 2 4649 4193 4254 4588 0 0 0
R 3 5503 5174 5051 5626 0 0 0
4 7427 6845 6882 7390 262 254 8
5 11145 10914 10765 11294 949 978 -29
6 17176 16688 16723 17141 2240 2232 8
VR 1) 0 7 26515 26663 26392 26786 4671 4749 -78
8 23569 23237 23247 23559 3848 3845 3
9 24051 24517 24030 24538 3979 4113 -134
MIEEK 10 13710 14524 13691 14543 1471 1649 -178
11 9406 9705 9299 9812 617 693 -76

B T =K P 6 28 8 /A3 B0 = 11 3 YR R i

Appendix Tab. III Influence of experimental operation of TGR on water diversion at the three outlets

N " Q sem O i QO wn Q i q'sm q iz q'snq
TIERTEL At / (m¥/s) / (m¥/s) / (m¥/s) / (m¥/s) / (m¥/s) / (m¥/s) / (m¥/s)
12 6563 5960 6226 6297 0 0 0
1 6373 5919 6221 6071 0 0 0
2 6281 5120 6104 5297 0 0 0
CES R 3 6514 5603 6246 5871 0 0 0
4 8519 7364 7672 8211 271 221 50
5 13008 11504 12560 11952 1142 916 226
6 16849 16680 16461 17068 2079 2138 -59
TR 0 7 27954 27530 26955 28529 5784 6016 232
8 24031 23115 23103 24043 4306 4310 -4
9 20924 21471 19680 22715 3267 3852 -585
M &K 10 11548 13828 10886 14490 832 1483 -651
11 9625 9635 8565 10695 476 663 -187






