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Evaluation of ecological flow considering runoff annual homogeneity
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Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi’an 710048, China)
Abstract: In order to reflect the seasonal changes of river ecological flow more scientifically,
based on the influence of uneven distribution during the year on ecological flow, this paper propo-
ses the application of Zenga index to analyze the annual distribution uniformity of runoff based on
the monthly runoff sequence data of Weihe River Basin from 1950 to 2018, and then it applies the
hydrological comprehensive diagnosis system to analyze the variation of the homogeneity Zenga
index series and to explore the physical origin. Finally, the generalized extreme value distribution
function (GEV) is used to determine the ecological flow of each month. The results indicate that:
The runoff annual homogeneity Zenga index series decreased significantly at Linjiacun, Weijiapu
and Lintong Station in 1972, 1972 and 1993, taking a hop mutation at Xianyang and Huaxian Sta-
tions in 1972 and 1988. After variation, the satisfaction rate of ecological water requirement of
each station decreases, and the decline range is larger in non-flood season than in flood season.
Compared with Tennant method, it is feasible and reasonable to calculate the ecological flow
within the channel on the basis of considering the variation of the runoff annual homogeneity.
These results can provide a new basis for the calculation of ecological flow within the Weihe River

Basin.
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Tab.1 Weight of jumping diagnosis method

Bk BR A 40 1 AEAE
W30 F Kk 0.056 4
W3 TRk 0.115 8
Lee-Heghinan 3 0.082 5
AT R 0.114 2
R/S % 0. 006 4
Brown-Forsythe ¥ 0.123 5
T Sl R AR 0 0.197 1
T BRI 3 0.141 2
LR B =k HlE 0.014 2
Mann-Kendall 7 0.033 7
Bayesian ¥ 0.115 2
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Tab. 2 Fitting test of GEV and Pearson-1II probability distribution function
K-S £ 5 A-D Hr56 C-S #a 5
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K 6 B HEF K 6 {H HEF 6 3 1 HEF

GEV 0.209 9 1 3.822 5 1 26.776 1
! Pearson-111 0.301 4 2 22.953 2 48. 295 2
GEV 0. 206 6 1 3.490 2 1 27.135 1
: Pearson-111 0.2851 2 26. 283 2 28.895 2
GEV 0.190 5 1 2.934 3 1 18.148 1
’ Pearson-111 0.216 8 2 21.349 2 26.493 2
GEV 0.128 9 1 1. 358 1 7.015 2 1
! Pearson-1II 0.202 2 2 12. 509 2 21.35 2
GEV 0.090 5 1 0.659 9 1 3.396 9 1
’ Pearson-1II 0.267 9 2 10. 092 2 30. 652 2
GEV 0.060 1 1 0.404 3 1 2.823 6 1
° Pearson-1I1 0.230 1 2 8.075 1 2 27. 867 2
GEV 0.108 4 1 1.180 1 1 6.824 8 1
! Pearson-1II 0.198 3 2 5.4317 2 10. 895 2
GEV 0.103 3 1 0.952 6 1 4.951 4 1
’ Pearson-111 0.195 3 2 3.677 9 2 7.433 8 2
GEV 0.076 3 1 0.795 3 1 5.8525 1
’ Pearson-111 0.190 8 2 3.872 5 2 14.372 2
10 GEV 0.095 4 1 0.671 6 1 6. 865 6 1
Pearson-111 0.186 1 2 8.184 7 2 13. 652 2
GEV 0.071 2 1 0.563 7 1 2.947 2 1
1 Pearson-111 0.175 4 2 11.138 2 25.733 2
12 GEV 0.221 4 1 3.448 8 1 19. 189 1
Pearson-1II 0.240 6 2 14. 142 2 41. 204 2
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Fig. 2 Zenga index series of Linjiacun Station
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Tab. 3 Diagnostic results of monthly runoff Zenga index series in Weihe River Basin
250 LW MREFS WA % JE PR i Y EESREY
- Hurst &% 0. 904 0.810 0.756 0.672 0.791
MR AR 975 s 5 g s 5 g
LEP Y878 +1 +1 +1 +1 +1
FER 373 Spearman ¥ +1 +1 +1 +1 +1
Kendall 4 5 +1 +1 +1 +1 +1
MH3h F R 1970(+1) 1993(0) 1970(0) 1993(+1) 2001(0)
W T R 1970(+1)  1971(+1)  1972(+1)  1993(+1)  1970(+1)
Lee-Heghinan 1972(+1)  1972(+1)  1972(+1)  1993(+1) 1988(0)
A ¥R 1972(+1D 1972(0) 1972(0) 1990(0) 1988(0)
R/S #% 1972(+1)  1980(+1)  1980(+1)  1980(+1)  1980(—+1)
B BR 12 it Brown-Forsythe % 1972(+1)  1972(+1)  1978(+1)  1993(+1)  1988(+1)
1 B A I 1972(+1)  1990(+1)  1976(+1>  1981(+1D) 1988(0)
T 30 Bk RS 96 7 1983(+1)  1975(+1) 1975(0) 1981(+1)  1984(+1)
B thifs 8= Ek 1972(+1  1972(+1)  1972(+1)  1976(+1)  1988(+1)
Mann-Kendall 1972(+1)  1980(+1)  1972(+1)  1970(+1)  1971(+1)
Bayesian % 1972¢0)  1972(+1)  1972(+1) 1993(0) 1988(+1)
JER g e A +3 +3 +3 +3 +3
Bk IR A 1972 1972 1972 1993 1988
LA RE 0. 687 0.45 0. 476 0.493 0. 647
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BRER £5 5 2 25 1 +7 +4 +5 +4 +3
BEERBOR R B % 42. 69 18.2 15.72 29. 499 15.6
BERBERE % 41.2 24.63 6.7 68.6 10.2
Z W 45ie (+1D v (+D ¥ 1972(+1) +1D ¥ 1988(+1)
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Fig. 4 Probability distribution of Linjiacun

Station in January
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Tab. 4 Ecological flow in each month of the 5 hydrological

stations of the mainstream of the Weihe River

B/ (m* « s D)

MER HRE WM I v e b

/AN

1 3.1 8.0 16. 8 22.8 25.9
2 3.3 7.8 20.5 27.8 32.8
3 3.8 12.0 19.8 39.7 32.8
4 6.0 17.1 22.6 57.1 42.5
5 7.7 18.5 46. 8 59.1 58.6
6 8.9 20.9 38.4 39.9 25.2
7 10.0 24.7 55.6 75.7 59.5
8 10.5 27.1 46.5 81.2 92.6
9 13.8 34.8 71.0 77.7 98.0
10 8.8 28.7 54.8 64.5 70.3
11 5.0 12.2 39.8 36. 2 45.1
12 3.0 9.8 21.8 25.4 29.8
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Fig.5 Ecological flow of Linjiacun Station
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Tab. 5 Satisfaction rate of ecological water requirement for each station with the Weihe River
L AR AT KRR/ %
A B 1A 2 A 3 A 4 A 5H 6 H 7H 8 H 9H 10H 11 H 12AH4
MER ZFAr 100 100 100 100 96 96 96 91 83 91 100 100
BRE 28 30 43 54 65 70 78 87 85 83 76 28
Meigs 72 70 57 46 32 27 18 5 -3 10 24 72
MEE TRE 91 96 91 83 87 78 74 61 57 61 87 83
BRE 30 26 33 46 59 67 43 54 52 46 48 30
[ T >R 67 73 64 45 33 14 41 11 8 25 45 63
BB ABESRT 96 91 91 96 78 78 87 78 83 87 91 96
BRE 41 39 35 37 59 74 54 61 59 57 54 43
Mg 57 57 62 61 25 6 38 22 29 35 40 55
I AASE 82 76 84 92 92 84 89 89 89 84 92 87
BRIE 76 72 72 80 76 84 64 88 72 88 80 84
% i 2R 7 6 15 13 17 0 28 2 20 —5 13 3
LH ABERE 74 71 68 84 76 87 87 76 76 84 92 76
TRE 72 57 57 50 50 83 50 63 37 63 80 70
[ 2 20 17 41 34 4 42 17 52 25 13 8
3 % iE (3] 4= .EBM. sidhimmsAdSFm KRR ARK

ARSCHR W Zenga 38 K0T HAR AR N 0 o 2

SIRE LS EE R R BOM HE L, HA i R A T

P
.

FHKSCAE 512 i R GE X Zenga 48 8UT 5 BEAT 43
]SO B — T vk I JR R . AR R R0 T Y

fith = GEV 20 A eRECHH 3R 4% 3 A AR S, 0k
B T4 i S e o A A ) 2R A AR AR S K AR AR
YK TR, 5 Tennant 15, Texas ¥ f4E P JE AR
PR e K B, SR R 7 v T AATE ) A 2 R T AT
HAHM,

SE K

(1]

(2]

A% B0 BN, 55, BT EE RECE R SR ES
Uik oy A J7 kLT ). AR KR K L, 2017 (40
97-105.

JI Yi, WANG Xu, LEI Xiaohui, et al. Ecological flow
analysis method based on the comprehensive variation
diagnosis of Gini coefficient [J]. China Rural Water and
Hydropower, 2017(4) :97-105.

FE Eew. BEE. KADK R DR AR TR SR

8

(1], 7k B3 #3F, 2016, 32(4) : 71-75.

(4]

(5]

[6]

11,2016,47(22) : 21-25.

NIU Xia, WANG Qiyou. Study of ecological water re-
quirement of Shule River Basin [J]. Yangtze River,
2016, 47(22) . 21-25.

X R, 2208, EYEB, 45 T4 S, 5 AU Y 7 2 UL
IR A O gE L) ] KI5 K TR %4k, 2016, 27
(4):61-65.

LIU Guomin, JIANG Cuiling, WANG Weilin, et al.
Study on ecological flow under Xin’an River dam based
on habitat model [J]. Journal of Water Resources &
Water Engineering, 2016, 27(4) . 61-65.

B AR BB PRS- F . 25 TR OK SCAE S AR T 3
TE N AR BT[] R AR R, 2016, 47(10)
62-66,133.

XIAO Cairong, HU Zhiyu, CHEN Chenghao, et al.
Study on eco-flow in river channel of Dongjiang River
Basin under consideration of hydrological variation[]].
Water Resources and Hydropower Engineering, 2016,
47(10) :62-66,133.

STROMBERG J C, LITE SJ, DIXON M D. Effects of
stream flow patterns on riparian vegetation of a semiarid
river: implications for a changing climate[ J]. River Re-

search and Applications, 2010, 26(6): 712-729.



19

6 PUZ2 B TR 2% 4 (2020045 36 545 2

(7]

(8]

[9]

[10]

[11]

[12]

RICHTER B D, DAVIS M M., APSE C, et al. A pre-
sumptive standard for environmental flow protection
[J]. River Research and Applications, 2012, 28 (8):
1312-1321.
ZENGA M. Inequality curve and inequality index based
on the ratios between lower and upper arithmetic means
[J]. Statistica & Applicazioni, 2007, 5(1):3-27.
IR T P, 4. BT AR R B K SCAE 4 T
5] AR AR 5 1 s DUAR VLU S8 0 13 42 30 )5 0 g £91)
[J]. K J1 K 241, 2012,31(6) - 7-13.
HU Caixia, XIE Ping. XU Bin, et al. Variation analy-
sis method for hydrologic annual distribution homogene-
ity based on Gini coefficient: a case study of runoff se-
ries at Longchun station in Dongjiang River Basin[ ] ].
Journal of Hydroelectric Engineering, 2012, 31 (6):
7-13.
GRESELIN F, PASQUAZZI L., ZITIKIS R. Contras-
ting the Gini and Zenga indices of economic inequality
(. 2013, 40 (2):
282-297.
WP R A VELAE LV E R CES RS T]. KT)
K2R ,2010,29(1) :85-91.
XIE Ping, CHEN Guangcai.

Journal of Applied Statistics,

LEI Hongfu. et al.
Hydrological alteration diagnosis system[]]. Journal
of Hydroelectric Engineering, 2010, 29(1): 85-91.
ROV IR BRI S, 55, B IBUK SCAE S A B TR
WOE NS T KR L] B R, 2011, 66 (1)
99-110.

LI Jianfeng, ZHANG Qiang, CHEN Xiaohong, et al.

Study of ecological instream flow in Yellow River,

considering the hydrological change[]J]. Acta Geo-

(13]

[14]

[15]

[16]

graphica Sinica, 2011, 66(1): 99-110.
s, BBH . 25 R. 55, KBS TFTRILHME=H
W IE AR K A A R STk R R (T, R A 2 2
#,2017,28(8) :2554-2562.
HE Meng, LU Dianqing, LI Jingbao, et al. Variation
of ecological water demand and its contributing factors
in the southern three outlets of Jingjiang River in the
Yangtze River under the condition of hydrologic varia-
tion[ J]]. Chinese Journal of Applied Ecology, 2017, 28
(8):2554-2562.
AR RS, H I BoK SCIE # A2 1
ALY FARBEIR 2 M, 2012,27(7) :1124-1137.
WU Wei, XU Zongxue, LI Fapeng. Hydrologic alter-
ation analysis in the Guanzhong reach of the Weihe
River [ J]. Journal of Natural Resources, 2012, 27
(7):1124-1137.
JRR A, T VAT S X B AR AR Ak s A K I BF 5
[DJ. BUM 87 Tk K2, 2017.
ZHOU ]Junjie. Study on runoff variation and forecas-
ting of Weihe River Basin in Baoji section[ D]. Hang-
zhou: Zhejiang University of Technology, 2017.
XM, A RAN, £ 55, W i P i Br LRk X
SRR RRAE A A LT . WU Tl R %4, 2017, 45
(3):253-258.
LIU Junping, ZHOU Junjie, WANG Wei, et al.
Analysis of characteristics of climate and hydrology
factors in Shaanxi section of Weihe River Basin [J].
Journal of Zhejiang University of Technology, 2017,
45(3): 253-258.

(FiL4iE M

1)



