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Abstract: The method of indicators of hydrologic alteration (IHA) provides a relatively comprehensive way to describe the full
range of hydrological regimes and is used globally to assess hydrological alteration and its ecosystem influence. This method is rela-
tively sound, while it still has potential redundancy problems caused by a large number of variables in it. Therefore, the principal
component analysis (PCA) was used to select the most ecologically relevant hydrologic indicators ( ERHIs) , based on the flow da-
ta at Chenglingji, a standard observation station of Lake Dongting, from 1955 to 2014. The method of range of variability approach
(RVA) was improved by the selected ERHIs and was used to estimate environmental flow in the outlet of Lake Dongting. Based on
the results of PCA, seven ERHIs were selected: annual maximum 90-day flow, annual minimum 3-day flow, Julian date of each
annual 1-day minimum, March flow, June flow, number of hydrologic reversals and median duration of low pulses. It was proved
that the seven selected ERHIs were reasonable with the comparison to previous studies and the redundancy analysis. ERHIs not only
reduce the redundancy of THA but also help to grasp the key component of eco-hydrological variables. Moreover, the improved RVA
method greatly simplified the original management targets in estimating environmental flow in the outlet of Lake Dongting. This stud-

y is of great value and significance for eco-hydrological research, water resources management and ecological protection.
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Tab.2 Loadings for the first eight principal components
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Tab.3 ERHIs selected from IHA variables in some related literatures
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Tab.4 Environmental flow of the outlet of Lake Dongting calculated by improved RVA

IR LA i T FHIE (m) PrifE2E (sd)  BARBIE (m-sd) 5 B{E (m+sd)

1 A it m®/s 2636.85 1342.99 1293.86 3979.84

2 A m®/s 3476.78 1559.54 1917.24 5036.32

3 Al m®/s 5402.85 2238.23 3164.62 7641.08

4 Ajiat m’/s 8653.25 2677.27 5975.98 11330.52

5 e m’/s 12568.67 4506.08 8062.58 17074.75

6 H ikt m?/s 14023.57 3485.66 10537.91 17509.23

7 At m>/s 17114.33 5335.71 11778.62 22450.05

8 At m’/s 13568.72 4933.89 8634.83 18502.61

9 A m®/s 11289.48 4688.54 6600.95 15978.02

10 A e m?/s 7985.98 3097.10 4888.89 11083.08

11 A& m®/s 5284.37 2314.86 2969.51 7599.23

12 A ife m®/s 3018.76 1403.35 1615.41 4422.12

IR 90 H it m’/s 16197.90 3633.11 12564.79 19831.01

Ff/N3 H R m?/s 1470.79 347.65 1123.13 1818.44
A/ N e B [ fw% H 164.65 164.38 329.03 0.27
TR OB w 51.43 11.82 39.62 63.25
I A7 N T35 T i d 26.87 23.38 3.49 50.26
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Fig.4 Temporal variations of ERHIs (1955-2014) ( The red lines denote the trend of each ERHIs,

the regions between two red dashed lines denote the 95% confidence interval)
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