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Evaluation of water resource load balance based on four dimensional
index system ( quantity-quality-watershed-flow )

—— A case study in three cities of Hei River basin

ZHOU Yun-zhe,SU Xiao-ling,ZHOU Zheng-hong
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; With increasing water consumption for social and economic activities, the challenges between
supply and demand of water resources have become severe. The loading state of water resources system has become
unbalanced, which could restrain regional development and endanger the virtuous cycle of ecological environment.
Based on a four dimensional indexes including quantity, quality, watershed, and flow, an evaluation index system
of water resources loading state from both aspects of loading and carrying capacity was constructed. A normal cloud
model of the normalized indicators was used to evaluate the loading state of water resources allocation schemes in
three cities of Zhangye, Jiuquan, and Alxa in Hei River basin in 2015. According to the two-dimensional coordi-
nates of loading score and carrying capacity score, the loading state was divided into four quadrants:low loading-
high carrying capacity, low loading-low carrying capacity, high loading-high carrying capacity, and high loading-
low carrying capacity. The result indicated that overall water resources loading states of three cities were classified
as class IV, high loading-low carrying capacity, based on the comprehensive scores, Zhangye was 3.697, Jiuquan
was 3.657, Alxa was 3.901. The quality loading state of three cities was in low loading-high carrying capacity quad-

rant, class II. The water quality score of Jiuquan was superior to that of Zhangye. The water quality score of Zhan-
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gye was superior to that of Alxa. In the aspects of quantity, watershed and flow, the loading states fell into high

loading-low carrying capacity quadrant. The quantity loading state of three cities were class IV. The water quality

score of Zhangye was superior to that of Jiuquan, The water quality score of Jiuquan was superior to that of Alxa.

The watershed loading states of Zhangye and Alxa were class V , Jiuquan was class IV. The flow loading state of

three cities were class V. The control measures of “enhancing capacity” and “decreasing load” need to be execu-

ted in the aspects of quantity, watershed, and flow.

Keywords: water resource load balance; four-dimensional index system; normal cloud model; load index;

carrying capacity index; Hei River basin
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Table 1 Four dimensional evaluation index system of “quantity-quality-watershed-flow” of water resource loading state
il L b g o
' {’FF:J\JE EiE AVAM £ $1}¢ I I m N v
Principal level Index code Index Unit
ke T
C, }\ﬂ]ﬂ( G m? 4000 3000 2000 1000 500
Per capita water resource
FRRBERL
Cy Average water resource 10*m?® « km™ 30 20 12 6 2
quantity of each person
o g
Cs R - 0.1 0.5 1 3 6
Drought index
S | = *
c, o HEBUKFRAEC - 0.8 0.7 0.6 0.5 0.4
& Utilization coefficient of irrigation water
Quantity SR e
Cs IR R K - 0.1 0.4 0.55 0.7 0.85
Loss coefficient of surface water
Ji e Tl g e K 2 *
Ce Water consumption of ¥ 10k m? 10 20 40 100 200
industrial value-generation
=H#
c, Bk R % 1 5 10 15 20
Water shortage rate
A S =
Cs  AHRERAKRT L 60 80 100 130 160
Daily water consumption per capita
it .
C o ! 5 15 20 30 40
’ COD mg - L
A ke R #
Cio _ BREE A mg- L 015 0.5 I 15 25
& Ammonium nitrogen concentration
Quality - ST #
Cu . RRARWREHT % 100 9 75 65 50
River length ratio of excellent quality water
Y =&
o FRAE AR % 100 85 70 60 50
Sewage treatment rate
VRS T | FH 3% #
s N 7?<ﬁ-:ﬂ,?.JT7iNH—J35 % 10 20 30 45 60
Utilization ratio of water resources
B R ARIFR R EC
C - - . Vi . 1. 1
Watershed " Coefficient of groundwater exploitation 0.5 075 09 05 3
7% 2o et
Cis PR % 55 45 35 27 19
Forest coverage
ARk R
Cis Water shortage rate of ecological % 0.1 1 2 6 15
environment
it A IR K L
Flow Cyy Water supplement ratio of ecological % 8 6 4 2 1
environment
ST e 28 i #
Cig {.E“—Jﬁ:'r;. km + km™> 0.8 0.6 0.35 0.1 0.05
River density
ZEA BRI Comprehensive standard 1~1.5 1.5~2.5 25~35 3.5~45 4.5~5
e 1~ VG MR, “#” FoR AU sER, « = " FoRKERE 9645,

»”

Note: The I ~V orders of rank is from good to bad. “#

2.1 BWEEMIERNE
RRGEAE R — Pl 5 L 2 ASCER 1) 3, A A s
WE PR RS B 5 B, BT A 2 R T, )
LNHF R FHPEAR T KB B R GV
WS SRS, WIBGEIFE ST S WSTR[ 13]
22 ETHETHAESZIERITEN
TR AR e+ T 20 20 90 4EAU4R H —

is load index, *

» o . oo
# 7 is carrying capacity index.
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Fig.1 Flow chart of evaluation process
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Table 2 The evaluation index system after gauge transformation
HEN 2 Z: 1 EF5 DA
I 18 ity AL I I " W v
Principal level Reference value c;, Index Unit
417 %:h =N
220 }\i,j KR m? 0.580 0.523 0.441 0.303 0.164
Per capita water resource
SAE
0.18 PR _ 10° m?® « km™ 0.512 0.471 0.420 0.351 0.241
Modulus of water production
1 e g
30 q:q:*ﬁéﬂl - 0.570 0.409 0.340 0.230 0.161
Drought index
»‘6“»‘& | ES ¥
0.22 R {é(}fﬂ(ﬂﬂﬂ?iﬁl . - 0.516 0.463 0.401 0.328 0.239
H Utilization coefficient of irrigation water
uantit b e
¢ ' 1.8 ﬂ_‘%ﬂ(ﬁh R - 0.578 0.301 0.237 0.189 0.150
Loss coefficient of surface water
JIIC TR e K
2200 Water consumption of ¥ 10k m’ 0.535 0.465 0.396 0.304 0.235
industrial value generation
5 =
180 kR % 0.519 0.358 0.289 0.248 0.220
Water shortage rate
HH AT =
250 . AHH J_{ﬁﬂ.ﬂﬂ(g . L 0.571 0.456 0.367 0.262 0.179
Daily water consumption per capita
MAE o L
90 HFHmAR mg- L 0.578 0.358 0.301 0.220 0.162
COD
J A ke R
4.8 . %EW{?E . mg - L7 0.693 0.452 0.314 0.233 0.130
i Ammonium nitrogen concentrations
ualit E R 7K K I
Quality 40 . ULE KB ) . % 0.550 0.487 0.377 0.291 0.134
River length ratio of excellent quality water
{5 /K AL B
40 . FKAEIEE % 0.550 0.452 0.336 0.243 0.134
Sewage treatment rate
PEWEIT 2 I R
150 - 7J(J\ﬂ$ﬂ:ZZ?H}:H3§ % 0.542 0.403 0.322 0.241 0.183
Utilization ratio of water resources
0 ' 2 2
. 1.55 .. WTATRRH - - 0.679 0.436 0.326 0.234 0.106
Watershed Coefficient of groundwater exploitation
Fu 26 3%
12 T % 0.609 0529 0428 0324 0.184
Forest coverage rate
AR Ok R
100 Water shortage rate of % 0.530 0.461 0.391 0.281 0.190
ecological environment
W IR
Flow 0.5 Water supplement ratio of % 0.555 0.497 0.416 0.277 0.139
ecological environment
] oY) 2% i
0.027 AR EE km - km™  0.678 0.620 0.482 0.262 0.123

River density
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Fig.2 The two-dimensional coordinates of loading
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Table 3 The data, weight, and evaluation scores of Zhangye, Jiuquan and Alxa in 2015

]2 W sk $E Data 6 (y PE43 Score
. HN A
) o 3 N e b A
Principal =y bt Index KA WRBIREER KA R BT
level Zhangye Jiuquan Alxa Zhangye Jiuquan Alxa
oK G PR
0.067 }\.ﬂ]ﬂ(* R 2711 3166 2438 m? 1.827 1.42 2.268
Per capita water resource
0.086 FOKB . 7.17 1.86 0.1  10*m® - km™® 3.765 4.642 5
Modulus of water production
=1 4
0.074 q:q:%?& 12.2 >18 >18 - 5 5 5
Drought index
TEMEKH 2 5L
0.05 Utilization coefficient of 0.55 0.575 0.58 - 3.875 4.217 3.861
irrigation water
i : oz o
Quantity 0.038 ﬂﬂé%ﬂ(ﬁbﬂ%égy 0.6 0.6 0.5 - 3.121 3.121 2.942
Loss coefficient of surface water
JIIE Ak e K &
0.047 Water consumption of ¥ 10k 58 75.5 51 m? 2.761 3.112 2.804
industrial value-generated
0.059 B 16.8 11.66 11.1 % 4.68 4.21 4.23
Water shortage rate
b % =
0041 NIHERIKE 115 134 106 L 3013 2778 2735
Daily water consumption per capita
i 2
0.462 EN) _ - - - 3.580  3.685  3.789
Principal level
0.04 %%C“(‘f@ 10.26 7.93 728 mg-L' 1427 1.298 1.256
L Ay
0.057 . %ﬂﬁkﬁ . 0.44 0.36 0.78 mg - L7! 2.382 1.955 2.953
Ammonium nitrogen concentrations
% P RAK K LA
0 ﬁ.[ 0.04 River length ratio of excellent 94.4 93.2 100 % 1.445 1.486 1.000
ey quality water
V5K AR
0.042 FKAL AR 87.8 87.1 85 % 2386 2.395 2.58
Sewage treatment rate
W2
0.179 &:)‘JE - - - - 1.96 1.807 2.05
Principal level
BEUEH I FH R
0.078 - 7J(J\ﬂ?ﬂ:7’iﬂ)5ﬁ?§ 57 43 96.51 % 4.417 3.39 5
Utilization ratio of water resources
00s6 . BPAIRREEC o, 1.32 1.92 - 5 5 5
Ja Coefficient of groundwater exploitation
Watershed 7% 2 5%
0.071 . ARAREL R 17.26 5.52 7.71 % 4.574 5 5
Forest coverage rate
HENZ
0.205 . {E.}\JE - - - - 4.631 4.387 5
Principal level
A B K R
0.069 Water shortage rate of 9.15 10.71 14.5 % 4.656 5 5
ecological environment
AR K HE A1
W 0.044 Water supplement ratio of 1.59 2.57 2.33 % 4.837 4.136 4.713
Flow ecological environment
] o %%
0.041 {E”_J&E <0.05 <0.05 <0.05 km - km™ 5 5 5
River density
HEN) 2
0.154 A= - - - - 4799 4753 4918
Principal level
254 17F4> Comprehensive score 3.697 3.657 3.901
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Table 4 The evaluation scores of loading score and carrying capacity score based on the four
dimensional indexes system, quantity-quality-watershed-flow
F i PE4> Load score FRERHE SIPESY Carrying capacity score
X - . - . SIRERRE
Prefecture Ly i B it = s it B i Totﬁﬁ Hbif
Quantity Quality ~ Watershed Flow Total loading Quantity Quality ~ Watershed Flow cap;clst}},/ 6
A Zhangye  3.503(IV) 1.988(I)  4.661(V) 4656(V)  3684(IV)  3819(IV) 1.927(I) 4.574(V) 4916(V)  3.710(IV)
WGR Jiuquan  3.398(IM) 1.684(I1)  4.063(IV)  5.000( V) 3.464(10) 3.801(IV) 1.952(I) 5.000(V) 4.553(V) 3.839(IV)
PihiEEe Alxa  3.272(1I) 2.253(1)  5.000(V)  5.000( V) 3.791(IV) 4201(IV) 1.809(I) 5.000(V) 4.851(V) 4.001(IV)
o
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K A 7R B RE 1V 2y K5 7K K RE T PF 2y
Water quantity carrying capacity score Water quality carrying capacity score
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Watershed carrying capacity score

Flow carrying capacity score
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Fig.3 The two-dimensional coordinates of loading score and carrying capacity score based on

the four dimensional indexes system, quantity-quality-watershed-flow
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