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Analysis of ecological instream runoff of Luanhe River under the interference of human activities
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Abstract: Based on the daily runoff data at the Luanxian station in the Luanhe River Basin from 1956 to 2010, the hydrological
variations were analyzed from five respects including magnitude, frequency, timing, duration, and variation rate. A total of 67 sta
tistical parameters were selected, induding 33 IHA parameters and 34 EFC parameters. Indicators of Hydrologic Alteration
(IHA) software was used to analyze the variation characteristics of these indexes before and after the interference of human ac
tivities, and the degree of alteration of the river regime closely related to the river ecosystem health. A case study in the Luanhe
River Basin show ed that human activities have changed the hydrological elements significantly, such as the high flow and its fre
quency in the flood season, the magnitude and timing of extremely low flow, the frequency of high flow pulses, and the variation
rate of daily stream flows, and these changes in the hydrological elements can mainly be attributed to the river ecological environment
destruction. The findings in this paper can provide the theoretical basis for river ecosystem management and restoration.
Key words: ecological instream runoff; Range of Variability A pproach;Indicators of Hydrologic Alteration; Environmental Flow

Components; Luanhe River Basin
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Fig. 1 Monthly flow alteration with RVA boundaries
at the Luanxian station
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Tab.1 Results of the indictors of hydrologic alteration analysis at the Luanxian Station m3/s

KK ?ﬁ@ _ ?%F _ RVA H¥z AR S
hHE B R A hHE B R A B B D(%) PR
1 A 30. 15 0.507 5 10.5 1.203 26.7 37.8 - 70.97 =
2 H 32.08 0.615 4 9.27 1. 149 30. 63 43.7 - 90.32 i
31 50. 4 0.265 4 10. 4 0.834 6 43.4 53.48 - 100 =
4 H 57.43 0.3457 12.9 3.91 53. 88 64. 99 - 61.29 o
5H 35.55 0. 429 79.5 0.598 7 31.08 43.5 - 90.32 =
6 H 42.15 0.649 5 76.9 0.494 1 34.78 50. 8 - 61.29 o}
7H 141.5 1.328 47.6 1.326 108. 8 45 - 90.32 =
8 H 315 1.113 46.7 2. 687 273.5 469. 8 - 80.65 =
9H 155 0.926 6 25 2.476 124. 1 24.3 - 61.29 Gy
10 A 91.15 0. 6552 16.3 1.718 79.95 124 - 100 =
1A 78.2 0.5336 12 0.983 7 60. 63 90. 55 - 90.32 =
12 A 43.1 0.638 6 9.23 1.23 34.98 46.55 - 90.32 =1
i/ 1 H AP 16. 25 0.363 1 5.84 0.994 9 14.5 18.5 - 80.65 [
fEf/ 3 HF R 18.73 0.369 2 5.84 1.038 16.32 20. 08 - 100 =t
g 7 BB R 20. 42 0.355 6.07 1. 047 17.05 21.95 - 100 [
i/ 30 BB A 26.57 0.3857 7.71 0.920 6 23.57 28.2 - 90.32 ]
HEfR/N 90 H P33t i 38. 49 0.4308 9.70 1.06 34.34 43.93 - 100 ]
ERCOR 1 HF R 2 390 1.483 192 2.651 1130 3 %8 - 80.65 =t
K 3 PR 1 980 1.335 157.3 2.919 787.8 2 93 - 80.65 [
FlK 7T ¥R 1321 1.491 139. 4 2.341 680. 4 1821 - 70.97 =
iR 30 HFBy i 670. 1 1.513 105. 1 1.999 395. 1 1129 - 70.97 [

fERK 90 H P By & 359.9 1.135 80. 45 1.41 255.2 587.5 - 61.29
TR 0 0 0 0 0 0 0 I
B 0.138 1. 026 0.19 0.549 7 0. 100 0. 206 6. 452 {is
i/ 1 H U B H 152 0.4112 110 0.390 7 145.5 301.3 - 70.97 [
fEROK T By H I E 5 222 0. 049 86 190 0. 1831 211 26 - 43.7 G
It 2 ik e 2 B 5 0.7 4 0.75 4 6 - 3.226 %
ARG £ ok ol [ 7 1. 107 9 2.722 4.5 10 31.61 {is
PR K o R S 3.5 0.8571 2 2.5 3 5 - 54.84 Gy
e UL A fk e g B 8.5 1.221 3 1.833 3.5 12.75 - 3.226 I%
H it 7P g% 2.75 0.4545 1.4 1.254 2.2 3.15 - 100 [
S50 41 Bl > - 3.2 -0.3359 - 1.4 - 1.257 - 3.9 -3 - 92.26 [
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Fig.2 The degree of hydrologic alteration with different
IH A parameters at the Luanxian station
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Fig.3 Fday minimum flow at the Luanxian station before and

after the intervention of human activities
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Fig. 4 1-day maximum flow at the Luanxian station before

and after the intervention of human activities
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Fig.5 Environmental flow components at the Luanxian Station

before and after the inter vention of human activities
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Tab.2 Results of the environmental flow components analysis at the Luanxian station m’/s
JeT—— ‘ LLEE ‘ BECRH BERE h
FHeHT +H)E FHeHT +H)E P BHUR R
1 A kK= 32.8 35.48 0.3933 0.164 2 0.081 55 0.5825
2 ARk = 35.45 31.43 0.4425 0.357 2 0.1135 0.1928
3 AMiK = 51.55 47 0.2595 0.353 2 0.088 26 0.3613
4 AR E 57.43 64.8 0.3457 0.312'5 0.128 4 0. 095 95
5 AR & 39.4 82.9 0.299 5 0.24 1. 104 0.1985
6 AR K & 42. 65 79.3 0.4502 0.399 1 0.859 3 0.1134
7 ARG K & 77.3 67.55 0.4722 0.405 4 0.1261 0.1414
8 Atk E 98.75 51.25 0.2718 0.537 8 0. 481 0.9789
9 AR K & 96. 8 58 0.290 3 0.585 8 0.400 8 1.018
10 A #hiZK i it 86 43.5 0.3951 0.610 6 0.4942 0.5457
11 AR &t 76.7 32.63 0.492 8 0.683 9 0.574 6 0.3877
12 A #hiK i it 43.1 37.4 0.5023 0. 627 0.1323 0.2482
FERR A K U B A /N 21.5 14.28 0.2372 0.732 3 0.336 2.087
A AR 7KL A g 7 11 1.679 3.227 0.5714 0.922 6
AR AR A 7K S s TR 36 197.3 0.393 4 0.1339 0.881 1 0. 6597
AR 7KL R R 3 4 1.25 0.75 0.3333 0.4
R e U K AR K (E 160 133.5 0.540 6 0. 400 7 0. 1656 0.2587
PR e A ok 7 e 5.5 3 1.682 1.583 0.4545 0. 058 56
PR e A Tk o e (] 217 183 0.1175 0.164 6 0.1858 0.4012
PR e A VK R 3 2 1.25 2.5 0.3333 1
R U K R 35.33 28.2 1.395 1.132 0.2019 0.1883
AP v > 2R - 16.5 - 21 - 0.6823 -0.916 7 0.2727 0.343 4
A I — AR K AR K AE 4 385 5265 0.774 8 0.492 9 0.200 7 0.3639
I — MR K T 96.5 68.5 0.4145 0. 865 0.2902 1. 087
A I — MR K N [ 212.5 216 0.047 13 0. 062 84 0.019 13 0.3333
A I — MR K TR L 0 0 0 0
A H I — AR KK R 201. 3 991.5 3.99 1.84 3.925 0.5389
A I — ARk K kD - 56.57 - 93.26 - 0.7156 -1.89 0. 648 4 1. 641
A HH R DR K AR K AE 19 550 0.301 8
A HH RS R VK G 109 0.9358
LR R VK N [ 206 0.01093
A IR R TR IR 0 0 0 0
AEH IR R K K 2R 1717 1.261
A R R K Rk D 2 - 280.6 - 1.129

A6 IR RtK 8 A BT n, JEILR 5 1 MK R

T HET 39. 4 m*/ s BINEITHR)5G 82. 9 m’ /s, AL A B
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Fig.6 Extreme low flows duration at the Luanxian station before

and after the intervention of human activities

7

Fig. 7 High flow pulses frequency at the Luanxian station before
and after the intervention of human activities
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