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Assessment of water resources carrying capacity in typical counties of
Shaanxi Province based on fuzzy recognition theory (FRT)
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Abstract: In this paper, 7 elevation indexes include per-capita availability quantity of the water resources, water
resources ownership per capita, water consumption per unit GDP, utilization rate of water resources, water resources
quantity per capita arable land, water resources quantity per unit area, irrigation rate are selected. The fuzzy recognition
theory (FRT) model is adopted for calculating the contribution ration and relative membership of selected impact factors
of regional water resources carrying capacity (WRCC). Subsequently, based on the complementary binary comparison
method, the subjective weights are obtained. Whilst, the WRCC characteristic value level of sample counties in Shaanxi
province are deducted. The result shows that: water resources in Southern Shaanxi such as Shiquan, Shangnan,
Nanzheng and Zhenping county are adequate relatively, which means a more coordinated relationship between social eco-
nomic development and WRCC; water resources in Guanzhong region such as Wugong, Jingyang and Qishan county have
been severely overloaded, measures should be taken to carry out human intervention; and water resources in Northern
Shaanxi such as Jingbian and Ansai county are still not rich. FRT — based WRCC fuzzy assessment method reflects the
water resources conditions of sample counties of Shaanxi Province.

Keywords: water resources carrying capacity (WRCC); fuzzy recognition theory (FRT); membership function;

County-level ; Shaanxi Province
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Table 1 Evaluation index for WRCC of sample counties in Shaanxi Province
A .
RIET 1 Il Il I\l
Impact factor
KoK e PR ) 3,0 -1
ABPRBER AT F &L () /(- A7) 7500 1500 300 60
Per-capita availability quantity of the water resources
AR A & (x,)/(m®s A ~1) Water resources ownership per capita 15000 3000 600 120
BN GDP HIZK & (x5)/ (- J57G =) Water consumption per unit GDP 500 1000 5000 20000
KGEEFF BRI (x,)/ % Utilization rate of water resources 12 25 50 75
o7 VB 3 -2
BN IR B P (2g)/(m® +hm™2) 90000 50000 10000 2000
Water resources quantity per capita arable land
AY ?'4 -2
BT BUK BB (xg) /(T m’+km™?) 135 45 15 5
Water resources quantity per unit area
TEWER (x;) Dirigation rate/ % 60 40 35 12

IO FHASER R

IPEFR AU T (8) AIE(9) 5K

ﬁ’%%ﬁm‘“ﬁ??}? WRCC AN SRJE L w,, 17 ASH T
TR o s A E RN E e = ¢, = 0.001, %)
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05 0

0.5 0.5

0 05 05

0O 0 05 05

0O 0 05 05 0 0 05

05 05 0 0O 0505 0 O

0
0O 0 05 05 O
a = (1/7,1/7,1/7,1/7,1/7,1/7,1/7) &

0 05 05 0

if 12 YOEAEER T3, R bR sk 3k 0 Ah
ﬂli’% 2, AR TR o, H:ia, = (0.1848,
0.3725,0.0188,0.0433,0.0397,0.3078,0.0330)0
KHAE(8) , 25K 4 B WRCC R 51 14 2 51 FRAE
B:H = (1,2,3,4) x Uspo = (Hy,Hy, Hy) 025 1 <
H < 1.58,WRCC R M (1);34 1.5 < H; <
2.5 W, WRCCZUI AP (I1)5242.5 < Hy < 3.5,
WRCC AR 524 3.5 < H; < 4B, WRCC %
SR IV ) o WRCC BRI PE A 45 5 L2 3.

F2 HBIEFIFMIEREEE o HIERER

Table 2 Iteration result of contribution ratio a; for 7 WRCC evaluation index

BB Tteration

Ti#k* a; Target contribution rate

0.1429
0.1502
0.2047

0.1847
0.1848

0.1429 0.1429
0.1556 0.1107
0.2767 0.0533
0.3736 0.0188
0.3725 0.0188

0.1429 0.1429 0.1429 0.1429
0.1739 0.1434 0.1387 0.1274
0.1160 0.0954 0.1791 0.0749
0.0433 0.0398 0.3067 0.0331
0.0433 0.0397 0.3078 0.0330

F3 HEE WRCCEMITMER

Table 3 Fuzzy assessment result of sample counties

PAH PN H; WRCC Z3
Sample counties Characteristic value WRCC level
I Wugong 3.0934 (M) Low
12FH Jingyang 2.8245 () Low
I 111 Qishan 3.1125 (I Low
TP Shangnan 2.4802 (1) Middle
A5 Shiquan 1.3895 = (1) Higher
P K8 Nanzheng 2.3596 () Middle
BEEF Zhenping 3.0691 () Low
Y Jingbian 3.2188 () Low
GIE Ansai 3.2213 fIRCI) Low
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Table 4 Linear relation between mood operator and

quantitative scale

T SE AR AEX S B
Moil)dj‘ " Quantitative Relative membership
operalor scale degree
[E#E Similarl 0.50 1.000
y 0.525 0.905
T Slighty 0.55 0'575 0.818 0'739
W Alittle 0.60 ’ 0.667 ’
0.625 0.600
5N More 0.65 ’ 0.538 ’
0.675 0.481
B & Clear 0.70 0'725 0.429 0'379
3 Significantly 0.75 0'775 0.333 0'290
+43 Completely 0.80 ’ 0.250 ’
P! y
- 0.825 0.212
L Very 0.85 o 0476 7o
e E Extremel: 0.90 ’ 0.111 ’
v 0.925 0.081
Wi Extreme 0.95 0' 975 0.053 0' 06
JG] Eb4El Unmatched 1.00 ’ 0 ’

P I P A5 3 [ 7 A s LK B TR 7 TR 4
FRB EMALE 0 = (0.20,0.10,0.10,0.05,0. 15,
0.08,0.12) JUZEATEM 20 (4) (20 (6) TTELH N .

D= w {2 [, + (1= 7)a)(ry - 80P}

(10)

0, Dy =0,k # b

o2 L+ (= Pa)ry - S0P

U (g4 (- D, - si,;W} Dl

I, Dy, =0,

(11)

KA, w, FE§ THFX WRCC B WAL ; ¥ A3

BIAT0 < v < 1), FIRSF4 S VLA TR % LAY

Yy = O (5 B TXF WRCC Y BTk 3, XY v
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Table 5 Fuzzy assessment result considering combination of w & «

y=0 7=0.3 7=0.7 y=1
ST 5L R A o SIS AT o I A 90 AR
. . P FRIE(E . GORFRHEAE g P FRIEE e PR FRIE(E )
Sample counties S 25 o 2051 ’ . 25 S 25
Characteristic Level Characteristic Level Characteristic Level Characteristic Level
value e value ve value ve value e
#HI Wugong 3.0934 Il 2.9840 Il 2.8431 Il 2.7755 Il
P Jingyang 2.8245 Ilf 2.9632 1 2.9681 Il| 2.9454 Il|
U 111 Qishan 3.1125 Il 2.9996 Il 2.8450 Il 2.7736 Il
WP Shangnan 2.4802 I 2.5069 Il 2.5670 Il 2.5986 I
i SR Shiquan 1.3895 1 1.6791 11 2.2059 Il 2.4113 Il
FAS Nanzheng 2.3596 I 2.3687 I 2.2322 il 2.1865 Il
FHIT Zhenping 3.0691 I 3.1076 Il 3.0577 Il 3.0901 I
Y1 Jingbian 3.2188 Il 3.0826 Il 2.9838 Il 2.9480 Il
L FE Ansai 3.2213 Il 3.0443 Il 2.9660 Il 2.9464 Il
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XA E R, B A) WRCC HEA UL, A
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