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Comprehensive evaluation on quality of hydrological ecosystems in
large-scale irrigation district in semi-arid region

—A case study of Jinghuiqu Irrigation District, Shaanxi Province

QIAO Chang-lu'-?
(1. College of Water Conservancy & Architectural Engineering , Shihezi University , Shihezi , Xinjiang 832003, China;
2. Research Institute for Water & Development , Chang’ an University , Xi “an, Shaanxi 710054, China)

Abstract: According to the current hydrological ecological conditions and existing major problems in Jinghuiqu Irri-
gation District, a comprehensive evaluation index system consisted of three hierarchies and 16 individual indexes was es-
tablished. The weights for each evaluation index were allotted based on the analytic hierarchy process (AHP) and con-
firmed the evaluation criteria and two-level fuzzy comprehensive evaluation method. Taking the specific indexes of
Jinghuiqu Irrigation District in 2000, was carried out the real example for validation. The evaluation results showed that
the quality of hydrological meteorological elements and eco-environment elements was the medium level; the memberships
of medium level for both were 36.7% and 42.3% , respectively. At the same time, the social-economic element was rel-
atively very poor and its membership to the very poor level was high as 61.1% . Overall, the quality of hydrological e-
cosystems of Jinghuiqu Irrigation District in 2000 was a medium level. This evaluation result was matched well with the
real situation. It was explained that the analytic hierarchy process and two-level fuzzy comprehensive evaluation method
had a certain application value for the comprehensive evaluation of quality of hydrological ecosystem in large-scale irriga-
tion district in semi-arid region.

Keywords: hydrological ecosystem; semi-arid region; Jinghuiqu Irrigation District; comprehensive evaluation
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Comprehensive evaluation index system of quality of hydrological ecosystems in large-scale irrigation district in semi-arid region

HFR)Z Target tier HENZ Criterion tier

FEHRZ Index tier

B,
KRR EER FTRAREL
B
Quality i;dex of

hydro-meteorological

C, AEFE K /mm

C Annual precipitation

Cy TR

C, Drought index

C BT BB R K B PR/ (10° 0’ -km™2-a™ ")
C5 Surface water quantity per unit area

Cy HAL TR T /K R/ (10* - km =2+~ 1)

C, Groundwater quantity per unit area
Cs VKI5
Cs5 Water quality of Jing River

elements Co T KB /m
C¢ Groundwater table
Cy R KB ILEE/(g-L71)
TR jZ( N kS C; Degree of mineralization of groundwater
T X R TR HE [X ) e ki 2 _1
A RS Co 0 PR TR/ (mea™)
7 Cs Rate of groundwater level decline
Quality comprehensive ipdex Co THH (VEW) B 5%/ %
| of hYg;'O‘AeCPSYSTtemZ.I“_ B, Cy Vegetation (crops) coverage
arge-scale 1rrigation district B E R e 5L R %
in semi-arid region B, LA Co T3 BHR/ %

Quality index of

eco-environment elements

C o Soil salinization rate

C P FFLELR /%

C/; Area rate of groundwater depression funnel

B,
AT ER IR
B,

Quality index of
social-economic
elements

Co NFE /(N km™?)

C1, Population density

Ca NER BT (- A1)

C3 Water resources per capita

C14Z€ﬂkﬁﬁ/j(§i§%i§)ﬁ/(m3 *hm~ 2)

C4 Agricultural water consumption norm
ClsﬁjﬂJ_ﬂkfﬁ{Eﬁﬂ(%/(HP * 104 7[3 - l)

C\5 Industrial water consumption per output of ten thousand yuan

Co TG 551K R R %

C The ratio of actually diverted water volume to available from Jing River
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Table 2 Comprehensive evaluation criterion and weights calculation results

%[F :;]3 E ({:/%l i”r fi (i]%) *!E?ji)? ‘ P ARIE Evaluation criterion : KT (A ) KT (A
ter ter WeightB< ALB 2 ter ExcE‘l:lenl Gid Mog':rate Lf& Vgiid Weight(Acn)  Weight(Ac-—)

C, > 1600 800 ~ 1600 500 ~ 800 250 ~ 500 <250 0.3387 0.2158

C, <1.0 1.0~1.6 1.6~3.5 3.5~16.0 >16.0 0.0291 0.0185

Cs >80 80 ~ 45 45~ 17 17~5 <5 0.1751 0.1115

B, 0.6370 Cy >20 20~ 13 13~8 8~4 <4 0.1751 0.1115

Cs 1 II Il I Vv 0.0565 0.0360

Ce 2~3 1~2 3~7 7~10 >10, <1 0.0946 0.0603

C; <1 1~3 3~7 7~10 > 10 0.0565 0.0360

5 Cy <0.1 0.1~0.25 0.25~0.4 0.4~0.6 >0.6 0.0745 0.0475

Cy >80 60 ~ 80 40 ~ 60 20 ~ 40 <20 0.5936 0.1533

B, 0.2583 Cy <5 5~10 10~ 15 15~20 >20 0.1571 0.0406

Cy <0 0~2 2~5 5~10 > 10 0.2493 0.0644

Cpn <30 30~ 120 120 ~ 200 200 ~ 250 > 250 0.0412 0.0043

Ci >3000 3000~ 2000 2000~ 1000 1000 ~ 500 <500 0.0871 0.0091

B; 0.1047 Ci <4500 4500 ~ 7500 7500 ~ 10500 10500 ~ 13500 > 13 500 0.2424 0.0254

Cis <200 200 ~ 400 400 ~ 600 600 ~ 1000 > 1000 0.1320 0.0138

Cis >90 80 ~ 90 60 ~ 80 40 ~ 60 <40 0.4973 0.0521
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Fig.1 Definition process for membership

function of benefit index
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Table 3 Level value for defining membership function

R E(E Level value

fitr €

Index C K, by ks ks ks
ol 1600 1200 650 375 250
C, 1.0 1.3 2.55 9.75 16
Cs 80 62.5 31 1 5
Cy 20 16.5 10.5 6 4
C; 1 2 5 8.5 10
Cy 0.1 0.175  0.325 0.5 0.6
Cy 80 70 50 30 20
Co 5 7.5 12.5 17.5 20
Cy 0 1 3.5 7.5 10
Cp 30 75 160 225 250
Cis 3000 2500 1500 750 500
Cu 4500 6000 9000 12000 13500
Cis 200 300 500 800 1000
Cie 90 80 70 50 40

(2) $8H5 Cs B3R JE I R EUE SLo
XN AREBAF IR IITERR Cs, AWFTEE LS
J& B RO A2 (6) ~ (10) 4tk

0.8 (x=1)
0.2 (x = 1)
u(x) =40 (x = 1) (6)
0 (x = IV)
0 (x = V)
0.1 (v = 1)
0.8 (x=1)
uz(x) =40.1 (x = 1) (7)
0 (x = IV)
0 (x = V)
0 (x = 1)
0.1 («=1)
u3(x) =30.8 (x = 1) (8)
0.1 (x=1)

0 (x = V)



1 T kst T X 0 X K SO A8 R RLE P 201
0 (v = 1) 1 (x < 1)
o = L3=2 (v ey
u(x) =40.1  (x = 1) (9) 1.5-1
0.8 (x=1) us(x) = 0 (1.5 < » <8.5) (15)
- x — 8.5
_ 1 (x = 10)
() < N E _ []g[; o 33 GEWHER
e 0.2 (x W TERE TRCE & T SR I B0 st T LA
08 (e v BRI I T 25 P HLE R TFSE I I
. X =

(3) 811 Co MR E R EIE o

XPEM PR UERBCRF IR AU FENS Co, AR XS = £
TERG 3 A 2% ()38 2 et , iy, 1 7, ke
SRR B SURIE 2 AT (11) ~ (15) Fediik 7,

1.0 1.5 2.5 5.0 8.5 100  x
B2 MEM=REEMSHRIEEXIER G
Fig.2  Definition process for membership function of index Cg
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Table 4  Comprehensive evaluation indexes value in 2000

Hir2 HE 2 febr)2 2000 4EHEFRH
Target Criterion Index Indexes value

tier tier tier in 2000
C 525.90
C, 2.42
Cs 12.50
Cy 10.64

B,
Cs 2.00
Cs 11.70
C; 1.20
Cy 0.50

A

Gy 59.27
B, Cyo 1.80
Cn 2.05
Cn 998. 00
Cis 154.00
B; Cy 300.00
Cis 120.00
Cis 38.45

M2 2 A, BT C R HEPR B 238 16 T, 4%
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KHo NI, HRAEE R PR R 2 A, R 25
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Table 5 Fuzzy comprehensive evaluation results of level 1

PRI R I

Evaluation elements

IKICTRHER

Hydro-meteorological  0.0465 0.0581 0.3670 0.3556 0.1728
elements

AEBWEEER

Eco-environment 0.1571 0.4197 0.4232 0.0000 0.0000

elements

MR FER

Social-economic

Il Il I} V

0.0507 0.1072 0.1491 0.0812 0.6118

elements

(2) “GAEMZR G VA RS AT IR bR R,
MR GV A — R AE R R AT
REVH LR APPSR LA 6,

®o6 “REMGETHER
Table 6 Fuzzy comprehensive evaluation results of level 2

ZATHESHR
Comprehensive 1 I Il I\ \
evaluation level
BRATHLR
Comprehensive

0.0943 0.1415 0.3431 0.2265 0.1907

evaluation results
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