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Table 1 Division of the periods of high water normal water and low water at each station
/ / /
mt s7! m 57! mt s7!
=31.53 89 9.13~31.53 4~710 11 <9.13 12~3
=57.48 7~9 13.88 ~57.48 3~6 10~12 <13.88 12
=139.03 7~9 44.63 ~139.03 4~6 10~12 <44.63 1~3
2
Table 2 Recommended minimum and optimal ecological runoff at each station
/ mts7! / / mt s7! /  w
1 1.81 0.35 9.87 0.05 0.01 0.26 2.59 2.56 16.11 0.07 0.07 0.43
2 1.72 0.44 7.83 0.04 0.01 0.19 2.29 1.81 11.77 0.06 0.04 0.28
3 1.99 0.65 9.54 0.05 0.02 0.26 3.08 6.24 12.65 0.08 0.17 0.34
4 2.39 1.56 5.00 0.06 0.04 0.13 5.54 8.33 25.73 0.14 0.22 0.67
5 1.51 3.07 5.06 0.04 0.08 0.14 6.30 12.14 22.91 0.17 0.33 0.61
6 1.08 2.32 2.94 0.03 0.06 0.08 5.14 11.96 20.87 0.13 0.31 0.54
7 7.05 4.71 17.10 0.19 0.13 0.46 11.56 40.08 77.44 0.31 1.07 2.07
8 4.30 1.96 7.03 0.12 0.05 0.19 21.83 43.53 94.21 0.58 1.17 2.52
9 4.71 1.58 16.60 0.12 0.04 0.43 15.26 32.27 86.30 0.40 0.84 2.24
10 3.10 1.55 9.56 0.08 0.04 0.26 6.23 9.30 26.37 0.17 0.25 0.71
11 0.11 2.23 14.70 0 0.06 0.38 4.06 11.34 43.62 0.11 0.29 1.13
12 0.70 0.34 8.46 0.02 0.01 0.23 2.54 8.43 27.90 0.07 0.23 0.75
1~12 7.51 4.16 17.52 0.80 0.55 2.99 7.24 15.78 38.99 2.28 4.97 12.29
Tennant 478 3.
3
Table 3 Evaluation of the ecological runoff of the Yi River and Luo River basins
/ % Tennant
4~9 10~3 4~9 10~3 4~9 10~3 4~9 10~3
13.16 14.07 41.00 31.00
5.67 4.37 55.44 31.03
8.62 16.21 52.50 37.44
3 2~4
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C, Table 4 Annual and interannual variation
of the average annual runoff at each station
c
s
B B 4 /%
Qmax Qmin K C, C,
20 38 34 8 0.56 1.40
16 39 35 10 0.78 1.56
16 37 35 12 0.63 1.26
5 K
Table 5 Ratios of maximum to minimum average annual runoff of each month at each station
1 2 3 4 5 6 7 8 9 10 11 12
7 8 19 30 64 61 19 47 41 46 575 28
105 76 78 54 56 52 106 137 232 192 49 157
11 12 12 42 88 96 74 108 4 68 25 26
a.
30d 60d 90d
3d 5d 7d 15d
3 1964 ~ 1989
6.
6
Table 6 Recommended minimum ecological runoff at each station in high and low water periods
/ mts™! / o / mts7! / o / mt s7! /
3d 0.9 0.0023 0.2 0.0005 0.1 0.0003
5d 1.0 0.0043 0.2 0.0009 0.1 0.0004
7d 1.0 0.0060 0.2 0.0012 0.2 0.0012
15d 1.3 0.0168 0.2 0.0026 1.1 0.0143
30d 2.4 0.0622 0.2 0.0052 3.7 0.0959
60d 2.7 0.1400 0.3 0.0156 6.1 0.3162
90d 2.7 0.2100 0.4 0.0311 9.5 0.7387
3d 1799.6 4.6646 2368.9 6.1402 2866.7 7.4305
5d 1082.1 4.6747 1571.1 6.7872 2598.0 11.2234
7d 808.6 4.8904 1154.9 6.9848 2163.6 13.0855
15d 398.0 5.1581 600.5 7.7825 1258.6 16.3115
30d 218.5 5.6635 416.5 10.7957 857.9 22.2368
60d 164.2 8.5121 325.0 16.8480 692.0 35.8733
90d 131.6 10.2332 261.8 20.3576 587.6 45.6918
b.
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Fig.1 Comparison and determination of
the upper bound of ecological runoff of
4 the Luo River at Changshui station
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Table 7 Optimal ecological runoff computed by the synthetic method at each station m/s
1 2 3 4 5 6 7 8 9 10 11 12
2.59 2.29 3.08 9.80 11.14 9.00 19.78 41.03 37.62 10.91 7.22 2.54
2.56 1.81 11.01 15.40 21.41 21.09 69.10 58.19 62.18 24.87 20.01 13.30
16.11 11.77 12.65 42.18 43.92 39.99 154.73 152.98 141.71 68.25 66.85 42.01
8
Tennant
Table 8 Evaluation of the optimal ecological runoff
computed by the synthetic method at each station
, ] / Tennant
8 2 e 4-9 10~3
4~9 10~3 / /
Tennant % %
21.40 4.77 80.21 42.74
1~3 : 41.23 12.26  92.46 57.56
58.86

95.92 36.27 92.27
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Fig.2 Comparison of optimal ecological runoff processes at three stations on the Yi River and Luo River
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Improvement of calculation methods for instream ecological runoff

GUO Li-dan' > XIA Zi-qiang' > LI Jie' > MA Guang-hui®
1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering
Hohat University ~ Nanjing 210098  China
2. College of Hydrology and Water Resources Hohai University ~Nanjing 210098  China

Abstract The monthly minimum ecological runoff calculation method monthly frequency calculation method and

Tennant method were applied to the Yi River and Luo River. Based on these methods some improved methods were
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proposed for ecological runoff calculation in middle-size and small rivers in Northern China such as a calculation method
with a changing continuous duration period a monthly second-minimum or second-maximum ecological runoff calculation
methods  a reference method to determine the upper bound of the instream ecological runoff and a synthetic method to
determine monthly frequency. The results show that the ecological runoff calculated by these improved methods is useful

in the ecological protection of rivers with low amounts of water and drastic interannual and annual variation.

Key words Yi River and Luo River ecological runoff calculation method
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