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Trend Analysis of Runoff and Ecological Regulation in Downstream of Zhanghe River
GAO Yu

( Construction and A dministration Bureau of South-to North Water Diversion Middle Route Project, Beijing 100038, China)
Abstract: The annual variation trend and variation stability degree of runoff in the downstream of Zhanghe River were analyzed using the
Manir Kendall trend method and coefficient of variation method based on the collected data from 1962 to 2006, which provided the eve
lution of river flow in the downstream of Zhanghe River. On the basis, a multt objective ecological regulation model of reservoirs was de
veloped according to the objectives of flood control, water conservancy, and ecological environment. The model was used to perform eco
logical regulation on the Yuecheng reservoir in the downstream of Zhanghe River using the particle swarm optimization method. The re
sults showed that the model can realize the multt objective regulation in consideration of the flood control, water supply, and ecolo gical
requirements. The regulation results suggested that the runoff in the downstream of Zhanghe River has a significant decreasing trend
with a large annual variation, and the Yuecheng reservoir can deeply affect the hydrological conditions in the downstream of Zhanghe
River. During the flood season of wet year, Zhanghe River discharge can meet the water demand, while the water scarcity situation was
serious in the normal and dry years. In the other time periods except for flood season, w ater release from reservoir regulation was needed
to avoid the occurrence of drying in the river.
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Table 1 Statistical results of M-K and
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C, of runoff at Yuecheng section

Gy 1962—- 1979 1980 2006 1962- 2006
Manir Ken dall - 2.651 0.334 - 2.768
C, 1.514 1.929 2.104
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1 1962 - 2006
Fig. 1 Runoff trend at Yuecheng section from 1962 to 2006

2 1962 - 1979
Fig.2 Runoff trend at Yuecheng section from 1962 to 1979

3 1980 - 2006
Fig.3 Runoff trend at Yuecheng section from 1980 to 2006
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Table 2 Results of ecological regulation in Yuecheng reservoir during the dry year

I B KA/ AL m3 PRI/ AZ w3 KK R/ 2 m3 ERKEAL w3 AR/ AL m3 JE KA/ m
7 H A 0.2732 0.266 9 0.0170 0 0.107 7 132
7 A 0.2732 0.266 9 0.0170 0 0.107 7 132
7H N4 0.2732 0. 2663 0.046 0 0 0.118 5 132
8 H 4y 0.0712 0.064 9 0.3706 0 0.2529 132
8 Aty 0.0712 0.064 9 0.3706 0 0.252 9 132
8 H A 0.0712 0.064 3 0.4147 0 0.278 2 132
9 H Ay 0.0437 0.037 4 0.2271 0 0.138 4 132
9 A Ay 0.0437 0.037 4 0.2271 0 0.138 4 132
9 H N4 0.043 7 0.037 4 0.2536 0 0. 1522 132
10 A 0.024 1 0.004 5 0.7755 0. 000 7 0.291 3 132
11 A 0.079 3 0.033 1 0.3569 0.027 3 0.174 7 132
12 A 0.1272 0.105 1 0.3249 0.003 2 0.155 8 132
1A 0.1302 0.019 3 0.1507 0.002 2 0.123 8 132.412 1
2 H 0.080 3 0.005 3 0.204 7 0.002 1 0.1129 132. 659 7
3H 0.007 2 0.009 9 0.620 1 0.036 2 0.083 8 132.394 1
4 H 0.009 6 0.071 1 0.8189 0.005 5 0.091 5 132
5H 0. 007 0 0.79 0 0. 107 132
6 H 0.0355 0.002 6 0.807 4 0.002 1 0.120 9 132
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H & ARIR AN 2 F 7K &, B B A T K K .
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S, R K AR K BEAR SROK BHE N 1. 66 124 m?, K JE4E
RBIRPIN 0.23 {4 m?, WTT K ENLH 1.43 {4m?,
AR AT KES A 2.89 /4 m® F1 8. 15 12 m?, JLit
K 9.6142 m*s GKIEWEE, £ FEHK 1. 3512 m?, Kk

6.8 12 m*; AEZMAK 0. 08 {2 m?, JEEE 2. 81 ¢ m’

PRI 7 A LA A g R KT A 2K R AERS
KK, T BLIE T K K TS T KE(T7 B LaAh
B2 TABTAKEO0. 026 214 m*) . IR KA 2
ok, Gl AR, REMEAEOKEY . RS, Bk Bl
5.87 42 m?, A FEE AR S K & 2. 37 42 m?, B Bk
3.544 m?.

FAKAERIATT 2 K 7 3K, (R TR U sk, 2 R
THEL BOK RS 191 42 w?, Foh s, A3 K R 0. 79
{2 m?, E&EUKE 1,124 m®
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Table 3 Results of ecological operation in Yuecheng reservoir during the normal year
I Bt KK S A2 m3 BEAKE/ AL m3 BOKBUKE/Z m3 ARKE/MLmd ESHOKE/Zm3 KA/ m
7 HEA 0.424 1 0.2839 0 0.1339 0 132
7 A Ay 0.424 1 0.2839 0 0.1339 0 132
7HFA 0.424 1 0.3123 0 0.104 9 0.013 6 132
8 H Ity 0.4553 0.4355 0 0.013 5 0.239 4 132
8 Hfy 0.4553 0.4355 0 0.013 5 0.239 4 132
8 HNA 0.4553 0.448 4 0.030 6 0 0.278 2 132
9 7 b4y 0. 067 0. 060 7 0.212 6 0 0.143 0 132
9 HHty 0. 067 0. 060 7 0.212 6 0 0.143 0 132
9 Hr A 0. 067 0.060 7 0.212 6 0 0.143 0 132
10 A 0.080 1 0. 0588 0.721 2 0.002 4 0.289 6 132
1A 0.1255 0.1058 0.284 2 0.000 8 0.201 2 132
12 A 0.012 6 0 0.43 0 0.159 132
1A 0.096 4 0.0392 0.130 8 0.0319 0.094 1 132
2 H 0.226 7 0.038 0.172 0.020 5 0.094 5 132. 685
3 H 0.202 5 0.1012 0.528 8 0.003 1 0.116 9 133. 049
4H 0.292 9 0. 495 0. 395 0.007 7 0.089 3 132
5H 0.642 8 0.6233 0.166 7 0.000 6 0.106 4 132
6 H 0.927 9 0.81 0 0. 099 0. 024 132
KA OB HE . 189
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4
Table 4 Results of ecological operation in Yuecheng reservoir during the wet year

I B KA/ AL m3 BEAKE/ AL m3 BOKBUKER/ 2 m® ARKEMZmd AEKBOKE/MZm3 KA/ m

77 b4y 0.832 1 0.2839 0 0.5419 0 132

7 A4y 0.832 1 0.2839 0 0.541 9 0 132

7H A 0.832 1 0.3123 0 0.5129 0 132

8 H Ity 1.928 4 0.4355 0 1.486 6 0 132

8 HhAy 1.928 4 0.4355 0 1.486 6 0 132

8 AT A 1.928 4 0. 479 0 1.442 4 0 132

9 H kA 1.002 2 0.2733 0 0.722 6 0 132

9 HAy 1.002 2 0.2733 0 0.722 6 0 132

9 H A 1.002 2 0.2733 0 0.722 6 0 132
10 A 1.274 9 0. 686 4 0.093 6 0.015 7 0.276 3 134.478 5
11 A 1.117 2 0.278 8 0.1112 0.039 8 0.162 2 137.507 1
12 A 1.058 0.4035 0.0265 0.031 8 0.127 2 139.592 5
1H 0.409 8 0.0875 0.0825 0.024 7 0.101 3 140. 501 7
2 H 0.319 3 0.1455 0.064 5 0.012 3 0.102 7 140. 954 6
3 H 0.151 6 0.5105 0.1195 0.017 9 0.102 1 139. 679
4 A 0.113 8 0.7716 0.118 4 0.030 7 0. 066 3 137.216 4
5H 0.069 4 0. 638 4 0.1516 0.036 5 0.070 5 134.791 8
6 H 0.186 9 0.787 1 0.0229 0.012 1 0.110 9 132
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